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Abstract

This thesis is written for E Plug, a company that specialises in down-hole operations in the oil

industry.

Brushless DC (BLDC) motors are being used almost everywhere in todays market. The BLDC

motor can be found in vacuum cleaners, dryers, air conditioners, electrical bikes, medical equip-

ment, aerospace technology etc. It is now increasingly being used in the oil industry. The BLDC

motor is known to be efficient, silent, compact and has a long operational lifetime and reduced

maintenance time compared to other DC motors. Because of the lack of brushes, the motor is

optimal to use in the oil industry as it won’t generate any dangerous sparks which can be a prob-

lem with brushed motors.

The challenge with a brushless motor is that it requires an efficient driving code implemented

in a microcontroller. The rotor position is unknown and the motor need some sort of logic to

determine the position, so that it knows when to give the rotor a "push”. The brushed motors

are easier to control as the brushes constantly provides feeback on where the rotor is.

In this thesis three different driving codes are implemented in a microcontroller, tested and

analysed. The first method is sensorless control, which is based on back-EMF detecting. This

method provides an unstable and unpredictable start up time for the motor, as back-EMF sens-

ing isn’t available on low speed operations. The second methods uses Hall-effect sensors which

gives feedback on where the rotor is. This method provides a stable response and is very ef-

fective. The third method uses an optical encoder with a more complex code that takes use of

the benefits of shunt resistors. By sensing the phase currents and using the measurements to

control the stators magnetic field, the motor can be regulated to operate at it’s maximum torque

per amp. This method shows to be clearly the most precise and effective way of controlling the

motor.

A use of resolver for detecting rotor position was planned to be implemented. Because of the
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hardware needed for this control wasn’t available, it had to be discarded. As most of the time

working on the thesis went to implementing the different methods, there wasn’t so much time

as hoped to analyse the results. One of the other goals was to implement the different methods

on a second microcontroller, which is based on floating-point unit instead of fixed-point unit.

As this task became too extensive, this goal was discarded as well.
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Chapter 1

Introduction

The subject of this thesis is to get a motor controller software for a brushless DC motor up

and running and analyse different driving methods that can later be used for the EMT. The

EMT (Electrical Manipulation Tool) is a tool for setting and retrieving a bridge plug in oil wells,

patented by E Plug. The EMT is equipped with two independent manipulators which is con-

trolled by DC motors. One of the motors is used as a linear actuator, while the other one is used

as a rotary actuator. The rotary actuator produces torque that is used for opening/closing a

valve and compressing/decompressing a packer element to set/release the plug in the oil well.

The linear manipulator moves the rotary manipulator in different positions, depending on the

current operation, if it is to set/release the plug or to close/open the valve.

Open/close
valve

Set/pull
plug

Slips: grips the 
casing wall

Packer 
element: A 
rubber element 
that expands 
and seals 
against the 
casing wall

Centerlizers: 
Centers the 
plug between 
the casing walls

12 3

Valve: Allows or 
prevent fluid 
from flowing 
through the plug

Casing TorqPlug

EMT

Figure 1.1: The TorqPlug - a bridge plug by E Plug

3
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The EMT attached to the TorqPlug is shown in figure 1.2 below:

EMT TorqPlug
x0

y0

z0

d1

x1

y1

z1

Linear actuator Rotary actuator

Figure 1.2: The EMT attached to the TorqPlug

1.1 Background

The current solution of controlling the DC motors is supplied by an external company. The

source code of the motor controller is encrypted, which means that if any changes are to be

made, the supplier has to do them. This solution is time consuming and has higher costs than

necessary.

E Plug is now currently developing their own motor controller and is therefore in need for a

controller code that suits their requirements.

Problem Formulation

The object of this thesis is to find an appropriate and effective method for controlling the DC

motors. The key components of requirements for this motor controller is that it is:

• Robust

• Stable

• Precise

A robust code means that the code should take account for any possible errors or ambient noise

that can occur during operations. A stable code means that the motors behaviour should be
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predictable and well regulated during unstable conditions. A precise code means that the mea-

surements and actions should be fast and preferably lossless.

It is important that the position/speed control of the motor is precise because of the limited op-

erational area of the linear actuator in the EMT. This basically means that if the linear actuator

moves too far with a high enough torque, it can result in a broken gearbox or worse.

A stable code that takes account for high loads during operations by regulating speed and torque

is also important. As the rotary actuator rotates, it will eventually experience a counterforce. The

rotary actuators task is to opposite this force until a desired torque is achieved.

Another challenge with the EMT is the ambient temperature and motor temperature during op-

erations in deep oil wells, where the EMT has a requirement of handling temperatures up to

170◦C. As the equipment provided does not handle these temperatures, and the lack of temper-

ature sensors, this problem is not accounted for in this thesis.

Literature Survey

A motor kit from Texas Instruments is supplied for this thesis which contains some source code

files for driving a motor and theory of operation [1] [2]. Texas Instruments has supplied some

modules[3], which basically is code functions that is pre-made for the user, so that the user

doesn’t have to “reinvent the wheel”. These modules are short snippets that for example ramps

up an integer and outputting variables to the DAC (which makes variables readable for the oscil-

loscope). Texas Instruments has also provided with library files, or header files, which configures

the code to work with all the necessary peripherals.

Literature for the microcontroller is taken from “Frå transistor til datamaskin” by Morten Tenges-

dal [4] and “Designing Embedded Hardware” by John Catsoulis [5]. The literature for the BLDC

motor, excluding the information supplied by Texas Instruments, is gathered throughout the

thesis and is listed in the bibliography at the end of this report.



CHAPTER 1. INTRODUCTION 6

1.2 Objectives

The main objectives of this Master’s project are

1. Implementing and analysing sensorless control of the BLDC motor.

2. Implementing and analysing sensored controls of the BLDC motor.

3. Evaluate the findings and provide a detailed conclusion of the results.

The sub objectives which is equally important of this Master’s project are

1. Get a very good understanding of the theory behind the motor controller.

2. Apply relevant theory and methods in a very convincing fashion.

3. Be able to use existing work done in the field in a way that it merges with own contribu-

tions.

4. Be critical to existing methods.

5. Propose an optimal method based on the thesis requirements.

1.3 Approach

The different methods will first be implemented in the microcontroller. The code will have to

be understandable for other users and be well commented.

The codes will be tested on the motor and most likely tuned to make it more effective.

The methods will be analysed by looking at their step responses. PI/PID-controller values will

be calculated from the open loop step responses.

The responses in closed loop driving will be analysed and added to results.
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1.4 Structure of the Report

The rest of the report is organized as follows. Chapter 2 explains the theory needed to under-

stand the work that is carried out in this thesis.

Chapter 3 goes into the detail of the system. Code snippets from the implementation of the dif-

ferent methods is explained.

Chapter 4 gives a description of how the experiments are carried out, and what equipment is

used.

Chapter 5 explains the results from the experiments including discussion and a conclusion.

Remark: Please note that any figures without citations is made by the author of this thesis.



Chapter 2

Theory

In this chapter, the structure and function of the BLDC motor will be explained as well as the

different methods of controlling a BLDC motor will be reviewed. The theory is gathered from [6]

and [7]

Firstly, a very brief introduction to electromagnetic induction will be given to give a better un-

derstanding of how the motor works.

2.1 Electromagnetic theory

By Ampere’s law, the magnetic field is produced by electric currents as shown in figure 2.1. The

intensity of the magnetic field is proportional to the current. The greater the current is, the

greater the magnetic field is.

∮
B ·d s = B

∮
d s = µ0I

2πr
2πr =µ0I (2.1)

8
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Figure 2.1: The direction of the magnetic field is determined by the right hand rule [8], see figure
2.5

The magnetic field in the wire above, figure 2.1, can be described from equation 2.1:

∮
B ·d s = B

∮
d s = B(2π) =µ0I (2.2)

B = µ0I

2πr
(2.3)

If a wire is wound around a coil, as shown in figure 2.2 below, the magnetic field can be described

as:

∮
B ·d s = B

∫
path1

d s = Bl =µ0N I (2.4)

B = 1

l
µ0N I =µ0nI (2.5)

Where µ= kµ0 µ0 = 4π×10−7T /amp
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Figure 2.2: Current-carrying coil [9]

Just like the gravitation and electric field, the magnetic field has a flux, Φ. The magnetic flux

describes the number of magnetic field lines that passes through a surface. The flux through

any surface is described as:

ΦB =
∫

B ·dA (2.6)

Where · is the dot product. For a flat surface, the flux can be described as

ΦB =
∫

BAcosθ (2.7)

If the magnetic field is perpendicular to the area, the formula can be simplified.

ΦB =
∫

BdA (2.8)

= B
∫

dA (2.9)

ΦB = BA (2.10)



CHAPTER 2. THEORY 11

Figure 2.3: In the top sketches, the fluxΦ= BAcosθ. In the bottom sketch, the fluxΦ= 0

For a coil of wires, it is normal to describe the flux linkage. The flux linkage describes the flux

over several loops of wires. In figure 2.2 the flux linkage equals to

λ= N BA (2.11)

Where N = 10.

Faraday’s law of induction summarizes the ways voltage can be generated. When the flux is

changed over time in a magnetic field, an electric field is set up around the area. For example,

if the flux is changed through a coil of wire, there is induced a voltage. This generated voltage is

called emf, or electromotive force. Mathematically:

Vg en =−N
∆(BA)

∆t
(2.12)

=−N
∆(Φ)

∆t
(2.13)

Where N is the number of turns in wire and t is time.

The back-EMF generated by a rotating motor is described as:

Vbem f = N l r Bω (2.14)

Where l is the length of rotor, r is the radius of rotor and ω is the motor’s angular velocity

Equation 2.12 tells us that the induced emf is increased when:

• The number of turns in wire is increased
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• The time interval of change is decreased

• The size of the area in the magnetic field is increased

• The size of the magnetic field is increased

The minus sign denotes Lenz’s law: the polarity of the induced emf is such that it produces a

current whose magnetic field opposes the change which produces it.

Figure 2.4: Lenz’s law [10]

The polarity of an electromagnetic coil can be determined by using a right hand rule. Wrap your

fingers around the coil in the direction of the current flow, and the thumb will point towards the

north pole of the coil.

2.2 Electric motors

Electric motors are similar to generators. Instead of using motion to produce current, electric

motors use current to produce motion. An electric motor consists of a stator (stationary part),

and a rotor (moving part). See figure 2.6 below.
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Figure 2.5: The right hand rule for determining the direction of current or the pole of the coil[11]

Figure 2.6: AC-motor: rotor(left) and stator (right)[12]

The permanent magnet synchronous motor (PMSM) is equipped with coils and permanent

magnets. The coils are placed on the the stator and the permanent magnets are placed on the

rotor. By synchronous it means that the magnetic field created by the stator rotates at the same
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frequency as the magnetic field generated by the rotor. The motor used in this thesis is a brush-

less DC motor (BLDC) which is a type of PMSM motor. The conventional PMSM motor has dis-

tributed stator windings while the BLDC motor has concentrated windings. This results among

other things in a sinusoidal back-EMF for the PMSM motor and a trapezoidal back-EMF for the

BLDC. The BLDC motor is illustrated in figure 2.7 below.

Figure 2.7: BLDC motor with three polepairs and four permanent magnets

The coils are used as electromagnets. By entering a current through the coil, the coil will act

as either a north pole, or a south pole, depending on the direction of the current. By letting a

current flow through the coils in a certain sequence of the coils (and direction), we can simply

rotate the permanent magnets at the rotor. This is called commutating.

What actually happens when the windings are fed with a current, is that a magnetic force (flux)

is generated around it. The flux is proportional to the current fed through the windings. The flux

from the magnetic field generated by the rotor on the other hand, is constant. When these two

forces act upon each other, a certain amount of torque is generated. The amount of torque is

depends on the angle of the magnetic fields. When the stator flux and the rotor flux are perpen-

dicular to each other, the force will be maximal. In section 2.4.3 in chapter 2 this will be more

discussed, and a technique (Field Oriented Control) using the knowledge of the rotor position

and controlling the stator current will be described.



CHAPTER 2. THEORY 15

Figure 2.8: Coil windings in stator[13]

2.3 Digital Control

In the AC-motor, the phases are fed with sine waves that are shifted 120◦ out of phase of each

other. This creates a rotating magnetic field around the stator, where the current in the coils

are gradually increased and decreased. This means that the rotor will start rotating along the

magnetic field in a speed which is determined by the frequency.

To commutate the rotor in the DC motor, we need some sort of on/off switches to choose which

of the phases the current is flowing through, and how much current will be fed. By switching on

and off these switches at certain times, we can generate current, or voltage, that look like sine

waves. The amplitude and harmonic contents of the AC waveform are controlled by regulating

the duty cycle of the switches. An inverter is used to convert the DC voltage into AC voltage. In

this thesis two different methods will be used. The first method uses conventional PWM control,

where two of the three phases are fed with a PWM signal with a constant duty cycle. The sec-

ond method uses space vector modulation for the PWM signal (SVPWM). All of the three phases

are fed with the SVPWM signal, where duty cycle is modulated to gradually increase or decrease

with respect to the rotor position.

If you remember the retro helicopter PC-game, where you have to press the space button to gain

altitude and let go to of the space button to drop altitude, we can compare it to the PWM control.

Let’s imagine that you control the PWM frequency and duty cycle by pressing the space button.

We will then achieve a desired flight path. See figure 2.9 below.
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Figure 2.9: Helicopter game: the white lines describes the space button actions.

Imagine that the flight path 2.9 above is the output phase voltage. Using Conventional PWM

control or by using SVPWM, we will later see that the output voltage will be more or less formed

like a sine-wave.

2.3.1 Conventional PWM control

Shunt resistor

Q1 Q3 Q5

Q2 Q4 Q6

+

-

U

V

W

Phase A

Phase C Phase B

Figure 2.10: 3-Phase inverter: Current flows to motor windings from phase A->B, de-energized
phase = C

The switches on figure 4.3, labeled Q1-Q6, are a type of transistors called MOSFETs. The odd

numbered switches are controlled with PWM signals, while the even numbered switches are ei-

ther turned off or fully on.

The bottom transistors allows the current to flow to ground, depending on if they are high or

low, which means that we can control which of the phases the current will flow through. If the

commutation state is 0, see table 2.1, Q1 is fed with a PWM signal and Q4 is high. This means that
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the current flows to motor windings from phase A to B, while C is de-energized and is available

for back-EMF reading as shown in figure 4.3. The switch pattern in the figure is described in 2.1

below.

State Q1 Q2 Q3 Q4 Q5 Q6 Ia Ib Ic

0 PWM low low HIGH low low + - OFF

1 PWM low low low low HIGH + OFF -

2 low low PWM low low HIGH OFF + -

3 low HIGH PWM low low low - + OFF

4 low HIGH low low PWM low - OFF +

5 low low low HIGH PWM low OFF - +

Table 2.1: Commutation table for counter-clockwise(CCW) rotation

The inputs of the transistors from table 2.1 above is shown in 2.11 below. By feeding the motor

with PWM signals, we are actually choosing how much of the input voltage we apply to the

phases. A duty cycle of 50% will for example apply half of the input voltage to the phase when

the PWM is active.

Commutation states

0 1 2 3 4 5

Q1

Q2

Q3

Q4

Q5

Q6

Figure 2.11: MOSFET inputs

The output of the transistors is illustrated in 2.12 below. The back-EMF has a trapezoidal shape

due to the winding distribution makes the permanent magnets produce a certain air gap flux

density distribution. The tiny spikes in the currents between the commutation states are caused
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by the stator magnetic field jump. A method proposed in ?? shows that the stator magnetic field

switching causes torque ripple for BLDC motors.

Commutation states

0 1 2 3 4 5

Phase A

Phase B

Phase C

Ia

Ib

Ic

Ea

Eb

Ec

θ

θ

θ

Figure 2.12: Phase currents and back-EMF waveforms

The figure 2.13 below shows how the rotor rotates along the stator magnetic field generated by

the coils. The permanent magnets in the rotor will try to chase their opposite poles.
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Figure 2.13: Commutating clockwise, states: 1->0->5->4->3->2 from top left to bottom right

By looking at the figure 2.13 above, we see that after going through all the commutation states (0-

5) once, the rotor has rotated half a round. This means that one mechanical round corresponds

to two electrical rounds, given by the equation (2.15) below.

θe = θm ·p (2.15)

θm = θe

2
(2.16)

Where p is the number of pole pairs.
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2.3.2 Space vector PWM control

Shunt resistor

Q1 Q3 Q5

Q2 Q4 Q6

+

-

U

V

W

Phase A

Phase C Phase B

Figure 2.14: 3-Phase inverter: Current flows to motor windings from phase A->B & C, de-
energized phase = none

The SVPWM technique gives a constant switching frequency, which should provide smooth

transitions between commutation states. The maximum phase output voltages is

Vphmax
= VDCp

3
(2.17)

Vphrms
= VDCp

6
(2.18)

Vl-lmax =VDC (2.19)

Vl-lrms =
VDCp

2
(2.20)
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T0/4     Tk      Tk+1   T0/2    Tk+1    Tk      T0/4

H
L
H
L
H
L

Ts

Figure 2.15:
Switching patterns
[14]

There are eight different combinations of on/off

switching of the transistors. The time periods

of how long the switches are on and off is cal-

culated using space vectors, explained in sec-

tion 2.4.3. The possible switching patterns are

shown in figure 2.15 to the left.

2.4 Motor control

The challenge of driving an electric motor, is knowing when to commutate. To commutate at

the best possible moment, we need to have an accurate knowledge of the rotor position. By

commutating too fast or too slow, the rotor will start to stall. There are different ways to do this,

using sensorless or sensored motor control techniques.
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2.4.1 Sensorless

The rotor position can be found by reading of the back-EMF. The back-EMF is only available for

reading when the motor terminal is not driven. The phases are commutated every 60◦ of the

electrical rounds. As illustrated in 2.12, the back-EMF crosses zero in the commutation states

where the motor terminal is not driven (low and high transistor pair output is low). By measur-

ing the back-EMF generated in this 60◦ interval, we can find the zero-crossing point.

Q5

Q6

Va

Vb

Vc

Ea

EcEb
VN

La

Lb Lc

Ra

Rb Rc

Figure 2.16: Neutral voltage point

By looking closer at the motor in figure 2.16 above, and assuming that the current is flowing

through phase C to phase B, we can describe the voltages:

Va = Ea +VN (2.21)

Vb = Rb · Ib +L
d Ib

d t
+Eb +Vn (2.22)

Vc = Rc · Ic +L
d Ic

d t
+Ec +Vn (2.23)

(2.24)

Where Ea , Eb and Ec are the back-EMF seen by the phases, VN is the neutral voltage and Ib =

−Ic . This gives:

Va +Vb +Vc = Ea +Eb +Ec +3VN (2.25)
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When the back-EMF read from phase A crosses zero, the sum of all back-EMF generated in the

phases equals to zero. This is also shown in figure 2.12. This leads to:

Va +Vb +Vc = 3VN (2.26)

And the back-EMF in the non-energized phase A can be calculated:

3Ea = 3Va −3VN

The figure 2.17 below illustrates the back-EMF read in the different phases in the different com-

mutation states. The green line shows the back-EMF read from phase A when the current flows

from phase C to phase B.

Figure 2.17: Zero-crossing method

When we have the zero-crossing point, we know that the next commutation should be triggered

30◦ later. By using a virtual timer, the time period measured for each of the commutation states

can be used to calculate how long time the movement of 30◦ electrical degrees takes.
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2.4.2 Hall-effect sensors

N S

S N

A

A

B

B

C

C

HA

HC HB

Figure 2.18: Hall-effect sensors

The rotor position can be determined by using Hall-effect sensors, which are along the stator.

The Hall sensors gives feedback, either a high signal or a low signal, depending on the change

of magnetic field. The responses from the sensors is therefore depended on the back-EMF. The

outputs of the Hall sensors and the back-EMF are illustrated in figure 2.19 below.

Commutation states

0 1 2 3 4 5

Phase A

Phase B

Phase C

Ia

Hall B

Hall C

Ea

Eb

Ec

θ

θ

θ

HA

HB

HC

Figure 2.19: Hall-effect sensors logic

The hall-effect outputs determines the commutation states, listed in table 2.2 below.
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State HA HB HC Htot Ia Ib Ic

0 1 0 1 5 + - OFF

1 1 0 0 1 + OFF -

2 1 1 0 3 OFF + -

3 0 1 0 2 - + OFF

4 0 1 1 6 - OFF +

5 0 0 1 4 OFF - +

Table 2.2: Hall-effect commutation table

2.4.3 Field-oriented control

One effective way of controlling a motor is by using field-oriented control (FOC), also called

space vector control. By using FOC we control the stator currents represented by a vector. The

stator currents is considered as two orthogonal components defined by a vector. The compo-

nents are torque and magnetic flux of the motor. The goal of FOC is to be able to control the

torque and flux components separately. The torque can be controlled by tuning the current

flow through the windings. The torque is proportional to the amount of current flow through

the windings. By measuring the current in the phases we can determine how to control the

magnetic field produced by the stator. The torque is generated by the interaction of the mag-

netic field in the stator and the magnetic field in the rotor.

By controlling the three currents we can create a current vector with the magnitude and angle

that we want, using space vectors [14] [3]. The torque produced by a three phased permanent

magnet motor is shown in figure 2.20 below. It is a function of the angle between the rotor flux

and the current MMF from the stator. The maximum torque per amp is achieved when the stator

current MMF vector is oriented 90◦ with respect of the rotor flux vector.
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-180° -150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150° 180°
-1

-0.5

0

0.5

1

Maximum torque

Figure 2.20: Maximum torque per amp

We want to have maximum torque per amp at all times, which means that we want to control

the phase currents so that the stator current MMF vector is always oriented 90◦ with respect

of the rotor flux vector. The torque is proportional to the product of the rotor flux times the

component of the stator current vector.

τ∝ Bst ator ×Br otor (2.27)

To control the torque generated by the stator and rotor magnetic fields, we can regulate the

angle and amplitude of the stator current vector. The rotor flux angle is constantly measured by

an encoder or a resolver and the current vector is regulated to be 90◦ with respect of the rotor

flux vector. As the motor is a synchronous machine and the rotor has permanent magnets , the

rotor flux angle is always the same in respect of the rotor angle. The rotor flux vector is shown

in figure 2.21b. When the rotor flux angle is measured, we need to calculate the needed current

values for the three phases to create a stator current vector which is 90◦ with respect of the rotor

flux angle. The current vector is found by sum the phase currents, as show in figure 2.21a. The

current vector in the figure is 90◦ with respect of the rotor flux vector, which is what we want.

The axes in the figure are in a reference frame called ”stator frame", which means that the axes

are fixed with respect of the motor stator shown in figure 2.21b.



CHAPTER 2. THEORY 27
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ic
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ib
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Rotor flux vector

(a) Stator reference frame. The desired current vec-
tor is calculated from the rotor angle

S N

A

A

B

B

C

C

Axis A

Axis C

Stator current

vector

Rotor flux

vector

Axis B

θ

(b) Stator current and rotor flux vector

By doing a mathematical transform, we can simplify the three-phase motor into a two-phase

motor. We can do this by representing the current vector using current a and current b (as

ia + ib + ic = 0, the phase c current can be calculated an does not need to be measured). This

means that we only need to regulate two currents, instead of all three of them. This method is

called forward Clarke transformation. The new vectors are calculated from equations (2.28).

id = ia (2.28)

iq = 1p
3

(ia +2ib) (2.29)

q

d

)2(
3

1
baq iii 

ad ii 

Figure 2.22: d-q reference frame



CHAPTER 2. THEORY 28

By looking at the components in a rotating reference frame instead of the stator frame, the reg-

ulation of currents will be easier. This is done by using the forward Park transformation shown

in equations (2.4.3) and figure 2.23 below.

iD = id cosθd + iq si nθd (2.30)

iQ =−id si nθd + iq cosθd (2.31)

A

B

C

iD

Q axis

is

iQ

D axis Rotor 
flux axis

θd

Figure 2.23: Rotary reference frame

The stator vector is now transformed into the components iD and iQ which can be regulated us-

ing two PI-controllers. Note that PID-controllers are usually not used if the sampling frequency

in the controller is high.

We would like to have all of the stator currents in 90◦ with respect of the rotor flux vector. That

means that the reference for id should be zero as we don’t want the current on the d-axis, but all

on the q-axis. The iq is the reference in torque that the motor will generate.

The output of the PI-controllers is going to be used to regulate the duty ratios to generate a given
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stator reference voltage for the PWM signals used in the inverter. To do this we need to transform

the vectors from the rotary reference frame back to the stator reference frame, using a method

called inverse Park transformation.

Vsα = ID cosθd − IQ si nθd (2.32)

Vsβ = ID si nθd + IQ si nθd (2.33)

Where ID and IQ are outputs from the regulators.

β

α
iD

Q axis

vβ

iQ

D axis Rotor 
flux axis

θd

vα

vref

Figure 2.24: Alpha-beta reference frame

By using the inverse Clarke equation we can transform the two-phased voltage system back to a

three-phase system:

Vref1 =Uβ (2.34)

Vref2 =−Uβ+Uα ·
p

3

2
(2.35)

Vref3 =−Uβ−Uα ·
p

3

2
(2.36)

(2.37)
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+

-

A

B

C

Phase A

Phase B Phase C

VDC

Figure 2.25: 3-Phase inverter where the switches at the bottom are inverted from the top ones.

The switches on the inverter has 8 different combinations and is listed in the table 2.3 below for

the space vector method.

a b c VAN VBN VCN VAB VBC VCA

0 0 0 0 0 0 0 0 0

0 0 1 2
3VDC −1

3VDC −1
3VDC VDC 0 −VDC

0 1 0 −1
3VDC

2
3VDC −1

3VDC −VDC VDC 0

0 1 1 1
3VDC

1
3VDC −2

3VDC 0 VDC −VDC

1 0 0 −1
3VDC −1

3VDC
2
3VDC 0 −VDC VDC

1 0 1 1
3VDC −2

3VDC
1
3VDC VDC −VDC 0

1 1 0 −2
3VDC

1
3VDC

1
3VDC −VDC 0 VDC

1 1 1 0 0 0 0 0 0

Table 2.3: On/off values for the switches.

Compared to the regular PWM method explained in section 2.3, all the phases in space vector

modulation are on at the same time instead of only two. This should provide a smoother rota-

tion of the rotor. The stator currents will result in more or less like sinusoidal currents.

The switching patterns in table 2.3 is divided into sectors in the α−β reference frame as shown

in figure 2.26 below.



CHAPTER 2. THEORY 31

By looking at the voltage reference generated by the regulators, we can decide which sector we

are in.

β

α

)011(60U)010(120U

)110(180U )001(0U

)100(240U )101(360U

Sector 1

Sector 2

Sector 5

Sector 3

Sector 4 Sector 6

)000(0O)111(111O

Figure 2.26: Space vector sectors overview

The corresponding space vectors and their (α, β) components from the switching patterns in

table 2.3 are listed in the table below.

c b a Vsα Vsβ Vector

0 0 0 0 0 O0

0 0 1 2
3VDC 0 U0

0 1 0 −1
3VDC

1p
3

VDC U120

0 1 1 1
3VDC

1p
3

VDC U60

1 0 0 −1
3VDC − 1p

3
VDC U240

1 0 1 1
3VDC − 1p

3
VDC U300

1 1 0 −2
3VDC 0 U180

1 1 1 0 0 O111

Table 2.4: Space vector switching patterns

If we use the voltage reference from figure 2.24 and compare it to the sector diagram in the figure

2.26 above, the sector is found to be 2. See figure 2.27 below for illustration.
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2

sV


2

sV

Figure 2.27: α - β reference frame, from sector diagram

The parameters in figure 2.27 are found using equations:

∑
Vsβ =

VDCp
3
+ VDCp

3
= 2VDCp

3
(2.38)

∑
Vsα =−VDC

3
+ VDC

3
= 0 (2.39)

Where
∑

Vsβ and
∑

Vsα is the sum of β and α components respectively, found in table 2.4.

T = T1 +T2 +T0 (2.40)

Uout = T1

T
U60 + T2

T
U180 (2.41)

Where T1, T2 and T0 is the time where U180 and U120 and the null vector respectively are applied

within the period T . The time durations is calculated:

Uβ =
T2

T
|U120|si n(120◦) (2.42)

Uα = T1

T
|U180|+ T2

T
|U180|cos(180◦) (2.43)

All of the space vectors has the same magnitude as seen in figure 2.26. The is defined by 2
3VDC,
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and is equal to 2p
3

when normalized. That means:

Uβ =
T2

T
· 2p

3
·
p

3

2
= T2

T
(2.44)

Uα = T1

T
· 2p

3
+ T2

T
· 2p

3
· (−1) =

p
3 ·T1

3 ·T
−
p

3 ·T2

3 ·T
(2.45)

Which gives

T2 =Uβ ·T (2.46)

T1 = (Uα+
p

3 ·T2

3 ·T
) ·

p
3 ·T

2
(2.47)

= T

2
· (
p

3 ·Uα+ T2

T
) (2.48)

= T

2
(
p

3 ·Uα+Uβ) (2.49)

And

t1 = T1

T
=Uβ (2.50)

t2 = T2

T
= 1

2
(
p

3 ·Uα+Uβ) (2.51)

These are the time durations that space vectors U120 and U180 are applied.

Texas Instruments has defined 3 variables X,Y and Z [3] according to the following equations:

X =Uβ (2.52)

Y = 1

2
(
p

3Uα+Uβ) (2.53)

Z = 1

2
(−p3Uα+Uβ) (2.54)

The time duration in each of the sectors is shown in the table 2.5 below.
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Sector U0, U60 U60, U120 U120, U180 U180, U240 U240, U300 U300, U0

t1 -Z Z X -X -Y Y

t2 X Y Y Z -Z -X

Table 2.5: Time durations of the space vectors for each of the sectors

By comparing t1 = X and t2 = Y with the results from the example above, we see that this is

correct.

The time periods t1, t2 and t0 (t0 = t2 − t1) is illustrated in figure 2.28 below:

t0 t1 t2 t0 t1t0

Ta

Tb

Tc

T

Figure 2.28: Duty cycles and time periods for the space vectors

Where T = 1 PWM period and:

Ta = 1

2
(T − t1 − t2) (2.55)

Tb = t1 +Ta (2.56)

Tc = t2 +Tb (2.57)

Where Ta , Tb and Tc is the duty cycles. The last step is to apply the duty cycles to the right

phases:
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Sector U0, U60 U60, U120 U120, U180 U180, U240 U240, U300 U300, U0

TA Ta Tb Tc Tc Tb Ta

TB Tb Ta Ta Tb Tc Tc

TC Tc Tc Tb Ta Ta Tb

Table 2.6: Assigning the duty cycles to the right phases

See figure 2.15 in section 2.3.2 to see how the switching patterns should look like.

2.5 Microcontrollers

To drive and regulate a motor, we need a form for motor control. What we need is a microcon-

troller, and some peripherals.

A microcontrolller, or µC , is like a tiny computer. Just like a laptop, or desktop computer, the

microcontroller consists of a processor, memory and I/O ports. The laptop, smartphone, and

tablet PC is run by an operating system, which allows the user to use the computer as a text edi-

tor, sound player, movie player, etc.

In contrast with the desktop computer, the microcontroller is often intended for a single appli-

cation. It is therefore ideal suited for motor controlling. This is called an embedded microcon-

troller.

The figure below shows a very simplified overview of a microcontroller. The most basic parts of

the microprocessor will be briefly explained below.
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Figure 2.29: Simplified layout of a microcontroller

2.5.0.1 Microprocessor

The microprocessor, or µP , is the brain of the microcontroller. The µP use data, or informa-

tion, and translates it in the processors own ”language”. The data on its lowest level is basically

just a sequence of 1’s and 0’s numbers, called machine code. The different sequences is called

instructions and each processor can interpret these instructions differently. The most basics

instructions are adding, storing, incrementing numbers. These instructions can be translated

in to a more readable text called the assembly language. The processor is basically a powerful

calculator.

2.5.0.2 Memory

The memory contains the instructions that the processor is going to process. The memory will

constantly be read from the processor, and sometimes written to. If the instruction is to add two

numbers and store them in memory, the instruction is firstly read. Afterwards the processor will

read and then move the first number to a register in the memory, and then add the second one.

The register in the memory now holds the answer.

The architecture in figure 2.29 is called a Von Neumann machine. The processor does not know



CHAPTER 2. THEORY 37

if it’s reading instructions or data from the memory. This means that the instruction can be

treated as data, and vise versa.

A more effective architecture is the Harvard architecture, where the data- and program memory

is divided into two different memory spaces. In this architecture, there is used separate data,

address and control buses. See figure 2.30 below.

μP Data 
Memory

Data
Adress

Control

Program
Memory

Data
Adress

Control

Figure 2.30: The Harvard architecture

2.5.0.3 Buses

Buses are signal lines that carries information of a specific type. In the previous figures there are

three different buses.

Data

The data bus carries data which is stored in memory blocks. The memory block usually

holds 1, 2, 3 or 4 bytes (8, 16, 32, 64 bits respectively). The index of the byte, or word, has

its own address. See figure 2.31. This bus is bidirectional, which means that the bus can

transfer data in both direction.
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Byte 2
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0000

0000

0000

N

.

.

.

Figure 2.31: N byte wide memory block

Address

The address bus tells the microprocessor, memory, or other peripherals where in the mem-

ory data the data should be read or written to. If the address bus is 32-bit wide, the bus can

address 232 = 4294967296 memory allocations. This means that the addressable memory

space is 4 GB if one memory address holds one word.

Control

The control bus keeps track of whether the current operation of the processor is to read or

to write. It also carries an error signal back to the processor if there is any problems with

the current operation.

2.5.0.4 Interrupts

The most important part to know about the microprocessor in this paper, is the use of inter-

rupts. An interrupt interrupts the main program (often a loop containing a timer) and makes a

jump to a certain place in the memory. This place contains some new instructions, and when

the processor is done processing these, it will continue from the place it was last interrupted.

This is done by the interrupt service routine, ISR.

The advantage of this is that the microprocessor doesn’t continuously has to check all the I/O

devices for pending operations.1 It will rather get a notification from the device when it needs

processing. Imagine if clothing store employees operated like this!

1This is also known as polling or busy waiting
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The interrupts can be either a low priority or a higher priority. This basically means that the low

priority interrupt can be interrupted by a higher priority one. When the interrupts occur, the

processor saves the current state to know where it continue after the interruption. It then loads

an interrupt vector into the program counter, which holds the address to where the ISR lies. This

will start the execution of the interrupt instructions. The last instruction in the interrupt is a re-

turn from interrupt instruction.

2.5.0.5 Digital Signal Processor

A digital signal processor, DSP, is very similar to the microprocessor. The DSP has a few extra

features, which makes it better suitable for processing signals. The DSP has for instance addi-

tional data buses and enhanced calculating and storing techniques, including other hardware

used for processing signals. The DSP is simply a very powerful calculator for signal processing.

Typical DSP algorithms

Finite Impulse Response Filter y(n) =
M∑

k=0
ak x(n −k)

Infinite Impulse Response Filter y(n) =∑M
k=0 ak x(n −k)+

N∑
k=1

bk y(n −k)

Convolution y(n) =
M∑

k=0
x(k)h(n −k)

Discrete Fourier Transform X (k) =
N−1∑
n=0

x(n)− j 2π
N nk

Discrete Cosine Transform F (u) =
N−1∑
x=0

c(u) f (x)cos( π
2N u(2x +1))

If we were to do a sum of products calculation with a regular microprocessor, it would need to

use a lot more computing power than a DSP. The following example is obtained from Texas In-

struments [15]:

Example

y =
3∑

i=0
data[i ]coeff[i ]
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C-Code:

#include <stdio.h>

int data [4] = {1,2,3,4};

int coeff [4] = {8,6,4,2};

int main(void)

{

int i;

int result = 0;

for (i = 0;i < 4;i++)

result += data[i]* coeff[i];

printf("%i",result);

return 0;

}

A Pentium processor will calculate the formula like this:

1. Set a Pointer1 to point to data[0]

2. Set a second Pointer2 to point to coeff[0]

3. Read data[i] into core

4. Read coeff[i] into core

5. Multiply data[i]*coeff[i]

6. Add the latest product to the previous one

7. Modify Pointer1

8. Modify Pointer2

9. Increment i;

10. If i<4 , then go back to step 3 and continue
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The steps from 3 to 8 are called ”6 basics operation of a DSP”. The DSP can actually execute

all 6 steps in a single cycle! The Pentium would use 15 assembly instructions to calculate this

formula, while a DSP could do it in only 9 instructions. This means that the DSP can save a lot

of computing power in heavy calculations.

2.5.0.6 Digital Signal Controller

A controller that is based on a DSP instad of a regular microprocessor, is called a Digital Signal

Controller. The three biggest manufacturers of DSCs are:

• Texas Instruments - TMS320 series

• Analog Devices - 21xx and SHARC (21xxx)

• Freescale Semiconductor - DSP56xxx and MSC8100 StarCore

2.5.0.7 Analog to Digital Conversion

The Analog to Digital Conversion, or DAC, peripheral converts analog signals into digital. The

output represents the ratio of the input signal to a given reference voltage. If the ADC is 8-bit

28−1 = 255 is the full scale. That means if the input voltage is 2V and the reference voltage is 5V,

the output value is 2
5 255 = 102.

OU T = I N

maxv al ue
Vr e f (2.58)
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ADCIN OUT

Continuous signal Discrete-time signal

DACIN OUT

Digital samples Zero-order Hold

Filter

Figure 2.32: Converting from analog to digital and back

We can describe the analog signal with period time T [16]:

xa(t ) = x(t +T ) (2.59)

And the discrete-time signal with period samples N:

xd (n) = x(n +N ) (2.60)

The ADC performs a sampling which can be described as

x(n) = xa(nTs) (2.61)

The DAC uses a zero-order-hold (ZOH) method which is a linear time-invariant system (LTI).

The ZOH method holds each sample value u(k) from the continuous-time signal u(t ) constant

over one sample period:

u(t ) = u[k], kTs ≤ t ≤ (k +1)Ts (2.62)
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2.5.0.8 Numbering systems

The numbers processed by processors are handled in two ways, either using floating-point or

fixed-point system (or both). In very short words, with the floating-point system we can rep-

resent a number using decimal places. For example: x = 3.1415. With fixed point system, the

number is represented like this: x = 6283
2000 where the scaling factor is always known (in this exam-

ple the scaling factor is 2000). Matlab represents numbers using floating type. [17]

Texas Instruments has implemented a library called ”IQMath" in their hardware and software

for their microcontrollers, which makes the number representation easier. The decimal number

is converted to an integer using a specified scaling factor. For example _IQ15(1.0) = 215·1.0). The

hardware will then convert the number to a floating point by dividing the number with the same

scaling factor. See library reference in [18] for a better understanding.
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System

3.1 System model of the DC motor

The following equations [19] describes a DC motor with constant rotor flux (permanent mag-

nets).

By using Kirchoffs law in the circuit in figure 3.1 we get

Vs(t ) = Raia(t )+La
dia(t )

d t
+Vem f (t ) (3.1)

Where Vem f (t ) = Keωm(t ) is the back-EMF, Ke is the rotor emf, La is the inductance, Ra is the

resistance, Vs is the applied voltage and ia(t ) is the current. The notation a stands for armature.

Ra

L
a

+

-

+

-
Vemf (t)

Vs(t)

ia(t)

Load

τm(t)

ωm(t)

Kfωm(t)

torque

angular velocity

viscous friction

Figure 3.1: Simplified DC motor model
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The motor load system is described using Newton’s second law. The inertial load Jm times the

angular acceleration is equal to the sum of all torques:

Jm
dω(t )

d t
=∑

τi (3.2)

Jm
dωm(t )

d t
= Kmia(t )−K f ωm(t ) (3.3)

Where Kmia(t ) = τm is the torque in the rotor, K f ωm(t ) = τl is the torque in the load and Km is

the magnetic field strength in the armature.

Faraday’s law of induction states that a change in the magnetic field in a coil causes a voltage, or

electromagnetic force, to be induced in the coil. Lorentz’s law describes the force upon a coil in

a magnetic field. See more information in section 2.1 in chapter 2.

dia(t )

d t
=−Ra

La
ia(t )+ 1

La
Vs(t )− Kb

La
ωm(t ) (3.4)

dωm(t )

d t
= Km

Jm
ia(t )− K f

Jm
ωm(t ) (3.5)

Where K f is the result of friction in the motor.

The state-space system can be described as

d

d t

 ia(t )

ωm(t )

=

−Ra
La

−Ke
La

Km
Jm

−K f

Jm


 ia(t )

ωm(t )

+

 1
La

0

Vs(t ) (3.6)
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y(t ) =
[

0 1

] ia(t )

ωm(t )

 (3.7)

Which leads to the transfer function

G(s) = ωm(t )

Vs(t )
= Km

JmLa s2 + (Ra Jm +K f La)s +RaK f +Ke Km
(3.8)

The friction coefficient K f is usually much smaller than Ra Jm and by neglecting the friction we

can write

G(s) = Km

JmLa s2 +Ra Jm s +Ke Km
(3.9)

or

G(s) = 1/Ke
La Jm
Ke Km

s2 + Ra Jm
Ke Km

s +1
(3.10)

Where Ra Jm
Ke Km

= τm and L
R = τe .

G(s) = 1/Ke

τmτe s2 +τm s +1
(3.11)

τe = L

3R
= 33.50 ·10−3

3 ·11

τe = 1015.15 ·10−3
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BLWS235D-160V-3000

Rated Voltage 160 V

Rated Speed 3000 RPM

Rated Power 157 W

Rated Torque 0.50 Nm

No Load Current 0.20 A

Torque Constant 0.33 Nm/A

Back EMF Voltage 26 V/kRPM

Line to Line Resistance 11 ohms

Line to Line Inductance 33.50 mH

Rotor Inertia 0.000023 Nms2

Table 3.1: Specifications for the BLDC motor from Anaheim Automation [20]

Ke = 3 ·R · Jtot

τm ·Kt
= 0.2483

Where Jtot is the total moment of inertia, calculated in section 4.2.2.

τm = 3 ·R · Jtot

Ke ·Kt
= 3 ·11 ·0.002

0.2483 ·0.33
= 0.7977

G(s) = 1/Ke

τmτe s2 +τm s +1

G(s) = 4.028

0.8097 ·10−3s2 +0.7977s +1
(3.12)

3.2 Sensorless driving

The sensorless driving is done by observing the motors back-emf. It is implemented in two

stages: open loop and closed loop driving.
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There is no back-emf produced while the motor is not running. This is why an open loop control

is needed at the start up phase of the motor, to ramp up the motor speed.

3.2.1 Open loop

The sensorless driving using the open loop method consists of the following stages:

1. Prepositioning

2. RC 3_M AC RO - Ramping to desired commutation period

3. I MPU LSE_M AC RO - Impulse generator (create an impulse each commutation period)

4. MOD6C N T _M AC RO - Determine commutation number

5. BLDC PW M_M AC RO - Timing when to commutate. Commutate

main

Initialize

Background loop MainISR

interrupt MainISR

Prepositioning

RC3_Macro

IMPULSE_MACRO

MOD6CNT_MACRO

BLDCPWM_MACRO

Figure 3.2: Flowchart of sensorless open loop program

Main

The main loop initializes peripherals, local variables, timers and configures GPIO. After initial-

izing, a background loop is started.
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The backround loop runs forever - until a reset event is called or an overflow of the watchdog

timer has occurred. The MainISR function is run when an interrupt from a CPU-timer is de-

tected. This timer is configured to have a period of

Ts = 1000

I SRF REQU E NC Y
(3.13)

ConfigCpuTimer (&CpuTimer0 , 150, 1000/ ISR_FREQUENCY);

The CPU frequency is 150M H z, and the ISR frequency is set to 40kH z. This means that the CPU

timer has a period of

Ts = 1000

40
= 25µs (3.14)

In other words, the MainISR function will be executed every 25µs.

MainISR

Prepositioning The first step of the MainISR function is to check if the rotor is aligned cor-

rectly. If it’s not aligned, the rotor will be forced to the starting position, the first step of commu-

tation.

RC3_MACRO The second step is to choose how long the time between the commutation states

is. By ramping down from a long period of time to a lower period of time, the motor will increase

smoothly in speed.

#define RC3_MACRO(v)

if (v.Out == v.DesiredInput)

v.Ramp3DoneFlag = 0x7FFFFFFF;

else

{

v.Ramp3DelayCount ++;

if (v.Ramp3DelayCount >= v.Ramp3Delay)

{
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v.Out --;

if (v.Out < v.Ramp3Min)

v.Out = v.Ramp3Min;

v.Ramp3DelayCount = 0;

}

}

#endif

The function increments a delay counter v.Ramp3Del ayCount each cycle and decrements the

output v.Out when the delay count reaches the desired ramp delay v.Ramp3Del ay . If the out-

put reaches the desired input v.Desi r ed Input , a flag v.Ramp3DoneF l ag is set to signal that

the final value is reached.

Td (Ramp3Delay)

1

Out

t

DesiredInput

Figure 3.3: The down ramp method

IMPULSE_MACRO The third step is to generate impulses each time the period of time from

the previous is reached. Each impulse signals a commutation trigger.

#define IMPULSE_MACRO(v)

v.Out = 0; /* Always clear impulse output at entry*/

v.Counter ++; /* Increment the skip counter */

if (v.Counter >= v.Period)

{

v.Out = 0x00007FFF;

v.Counter = 0; /* Reset counter */

}
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#endif

The function increments a counter v.Counter each cycle. When the counter reaches the period

time v.Per i od , an impulse is generated on v.Out . This impulse is high until the function is

executed again next cycle.

Tout = TsPeriod (3.15)
Out

t

Ts

Tout

Figure 3.4: The impulse method

MOD6CNT_MACRO The fourth step is to create a counter that keeps track of the current com-

mutation state.

#define MOD6CNT_MACRO(v)

if (v.TrigInput > 0)

{

if (v.Counter == 5) /* Reset the counter when it is 5 */

v.Counter = 0;

else

v.Counter ++; /* Otherwise , increment by 1 */

}

#endif

This function increments a counter v.Counter when an impulse is detected (v.Tr i g Input > 0).

The counter resets when the the counter reaches 5.
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Out

t

0 1 2 3 4 5 0 1

Figure 3.5: The counter method

BLDCPWM_MACRO The fifth step is to generate the PWM signals based on the current com-

mutation state. The duty cycles of the PWM signals are determined by an input DutyFunc.

CmtnPointer PWM 1A PWM 1B PWM 2A PWM 2B PWM 3A PWM 3B Ia Ib Ic

0 PWM low low HIGH low low + - 0

1 PWM low low low low HIGH + 0 -

2 low low PWM low low HIGH 0 + -

3 low HIGH PWM low low low - + 0

4 low HIGH low low PWM low - 0 +

5 low low low HIGH PWM low 0 - +

0. current flows to motor windings from phase A->B, de-energized phase = C

1. current flows to motor windings from phase A->C, de-energized phase = B

2. current flows to motor windings from phase B->C, de-energized phase = A

3. current flows to motor windings from phase B->A, de-energized phase = C

4. current flows to motor windings from phase C->A, de-energized phase = B

5. current flows to motor windings from phase C->B, de-energized phase = A
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3.2.2 Closed loop

The sensorless driving using the closed loop method uses the same stages as the open loop in

the beginning. When the motor has reached its desired speed, the loop will be closed.

6. C MT N _T RIG_M AC RO - Change commutation state based on zero-crossing method.

7. PI _CON T ROLLER - PI speed regulator

CMTN_TRIG_MACRO When the loop is closed, the commutation triggering is determined by

the back-EMF zero-crossing calculation instead of using the fixed commutation delay. The code

is too comprehensive to list here, so the basic operation will be briefly explained.

The inputs of this function are the commutation counter and a virtual timer that keeps track

of the time between each ISR cycle. The motor phase voltages, referenced to ground, are also

inputs and is obtained from the ADC.

The back-EMF is calculated by subtracting the neutral voltage from the de-energized phase.

v.Neutral = v.Va + v.Vb + v.Vc;

...

if (v.CmtnPointer == 0)

v.DebugBemf = _IQmpy(_IQ (3),v.Vc) - v.Neutral;

Each time the commutation counter reaches 5, the function DELAY_30DEG_MACRO is exe-

cuted. This function keeps track of the time that the commutating states 0-5 took. In other

words, the time it took before a rotation of 360 electrical degrees was completed (one revolu-

tion). The 30◦ commutation delay is now calculated by dividing this time by 360
30 = 12. This

number is stored in C mtnDel ay . Note that CmtnDelay represents sample time periods and

not the sample time. This means that if C mtnDel ay = 400 the actual time delay is

Time delay = CmtnDelayTs = 400Ts = 1ms

v.OldTimeStamp = v.NewTimeStamp;

v.NewTimeStamp = v.VirtualTimer;
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...

v.RevPeriod = v.NewTimeStamp - v.OldTimeStamp;

...

v.CmtnDelay = v.RevPeriod /12;

V i r tual T i mer increments by one each time MainISR is run (every 25µs).

For each of the commutation states, the back-EMF sign is checked.

else if (v.CmtnPointer == 1)

{

...

if (v.DebugBemf < 0)

v.NoiseWindowCounter = 0;

else

NOISE_WINDOW_CNT_MACRO(v);

}

When the back-EMF toggles from negative to positive (or vice versa, depending on the rotation

direction), the back-EMF zero crossing point is detected. The next commutation point can now

be determined by adding the 30◦ commutation delay to the zero crossing time. Because sudden

changes in the current and voltage can occur during the commutation (see figure 3.6), misin-

terpreting is possible. The solution to this problem is to introduce a noise window, which can

ignore the first back-EMF readings after the commutations.

Figure 3.6: DebugBemf

PI_CONTROLLER The PI-controller is used for regulating the duty cycle based on a speed

reference. If the motors load is changing, the PI controller will compensate the duty cycle to

maintain the desired speed. The current motor speed is used as feedback. The c-code for the

PI-controller:
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/* proportional term */

v.up = v.Ref - v.Fbk;

/* integral term */

v.ui = (v.Out == v.v1)?( _IQmpy(v.Ki, v.up)+ v.i1) : v.i1;

v.i1 = v.ui;

/* control output */

v.v1 = _IQmpy(v.Kp, (v.up + v.ui));

v.Out= _IQsat(v.v1, v.Umax , v.Umin);

In Matlab:

Product1

1

Kp

Saturation

 > 0

Switch

Product0.025

Ki

z

1
Unit Delay

z

1
Unit Delay1

z

1
Unit Delay2

z

1
Unit Delay3

|u|

Abs

1

Ref

2 Fdb

1

Out

r(k)

y(k)

v1

up

ui

i1

u(k)

Figure 3.7: PI_CONTROLLER

Where the error signal and output is:

e(k) = r (k)− y(k) (3.16)

v1(k) = Kp [up (k)+ui (k)] (3.17)

Integral term:

ui (k) =


u1(k −1)+Ki [r (k)− y(k)] v1(k) = u(k)

u1(k −1) v1(k) 6= u(k)
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Saturation:

v1(k) =


Umax v1(k) >Umax

Umi n v1(k) <Umi n

v1(k) Umi n < v1(k) <Umax
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3.3 Sensored driving

Sensored driving is carried out in two different ways in this project, using hall effect sensors and

using an incremental pulse encoder.

The hall effect sensors are built in the brushless DC motor, while the encoder is an external

device attached to the motors shaft.

3.3.1 Hall effect sensors

The hall sensored driving is done by observing the outputs of the three hall effect sensors, which

is placed around the stator.

The implementation of this code is divided in two parts, open loop and closed loop driving. The

hall sensors obviously won’t detect any change of rotor position when the motor is not running.

This is why the open loop control is implemented, to ramp up the motor speed so that the hall

sensors can give feedback.

3.3.1.1 Open loop

The open loop control is sensorless and consists of the following stages:

1. Prepositioning

2. RC 3_M AC RO - Ramping to desired commutation period

3. I MPU LSE_M AC RO - Impulse generator (create an impulse each commutation period)

4. MOD6C N T _M AC RO - Determine commutation number

5. BLDC PW M_M AC RO - Timing when to commutate. Commutate

This code is identical to the sensorless code in section 3.2.1. Please refer to section 3.2.1 on page

48 for details.
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3.3.1.2 Closed loop

6. H ALL3 - Change commutation state based on zero-crossing method.

7. PI _CON T ROLLER - PI speed regulator

The hall effect sensors are constantly read in the program and the sum of outputs (3-bits) is

stored in a variable H al lGpi o.

HALL3

This macro basically does the following:

• Read the current hall outputs

• When a change of the hall sensors output is detected, set commutation trigger C mtnTr i g H all

high.

• Determine the next commutation state by comparing the outputs to the commutation

table

When the commutation trigger is set, the macro MOD6C N T _M AC RO will increment its counter.

The H ALL3 macro uses this counter as an input, H al l M apPoi nter , to determine the next

commutation state. The next commutation number is now stored in the same variable, and is

used as an input on the counter.

• When H al l M apPoi nter is as an input, it is defined by MOD6_C N T .

• When H al l M apPoi nter is an output, it points to the next commutation state.

Please note that this description is highly simplified to give an idea on how the code works.

PI_CONTROLLER

This code is identical to the sensorless code in section 3.2.2. Please refer to section 3.2.2 on page

54 for details.
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3.3.2 Incremental pulse encoder

This code is based on field-oriented control (FOC).

1. Prepositioning.

2. RC _M AC RO - Ramping to desired speed.

3. RG_M AC RO - Sawtooth generator. Ramping the angle from 0-360 degrees.

4. C L ARK E_M AC RO - Calculate clarke transformation.

5. PARK _M AC RO - Calculate park transformation.

6. I PARK _M AC RO - Calculate inverse park transformation.

7. SV GE N DQ_M AC RO - Space vector generator.

8. PI _M AC RO - Regulate speed, and the inputs to I PARK _M AC RO.

9. PW M_M AC RO - Generate PWM signals.

RC_MACRO

To avoid discontinuity in the speed reference, the RC _M AC RO ramps up the desired speed from

its old value.

RG_MACRO

While running the code without a speed-loop, this function creates a saw-tooth waveform that

is mimicking the output of the incremental pulse encoder. The saw-tooth waveform is repre-

senting the electrical degrees of the motor.

/* Compute the angle rate */

v.Angle += _IQmpy(v.StepAngleMax ,v.Freq);

/* Saturate the angle rate within (-1,1) */

if (v.Angle >_IQ (1.0))

v.Angle -= _IQ (1.0);

else if (v.Angle <_IQ ( -1.0))

v.Angle += _IQ (1.0);

v.Out=v.Angle;
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CLARKE_MACRO

This code performs the Clarke transform:

Iα = Ia

Iβ =
1p
3

(Ia +2Ib)

v.Alpha = v.As;

v.Beta = _IQmpy ((v.As +_IQmpy2(v.Bs)),_IQ (0.57735026918963));

PARK_MACRO

This code performs the Park transform:

ID = Iα · cosθ+ Iβ · si nθ

IQ =−Iα · si nθ+ Iβ · cosθ

v.Ds = _IQmpy(v.Alpha ,v.Cosine) + _IQmpy(v.Beta ,v.Sine);

v.Qs = _IQmpy(v.Beta ,v.Cosine) - _IQmpy(v.Alpha ,v.Sine);

PARK_MACRO

This code performs the inverse Park transform:

Id = ID · cosθ− IQ · si nθ

Iq =−ID · si nθ+ IQ · cosθ

v.Alpha = _IQmpy(v.Ds,v.Cosine) - _IQmpy(v.Qs ,v.Sine);

v.Beta = _IQmpy(v.Qs,v.Cosine) + _IQmpy(v.Ds ,v.Sine);

SVGEN_MACRO

This code performs the inverse Clark transform, determines the space vector section and calcu-

lates the appropriate duty ratios for the three phases.
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v.tmp1= v.Ubeta;

v.tmp2= _IQdiv2(v.Ubeta) +( _IQmpy(_IQ (0.866) ,v.Ualpha));

v.tmp3= v.tmp2 - v.tmp1;

v.VecSector =3;

v.VecSector =(v.tmp2 > 0)?(v.VecSector -1):v.VecSector;

v.VecSector =(v.tmp3 > 0)?(v.VecSector -1):v.VecSector;

v.VecSector =(v.tmp1 < 0)?(7-v.VecSector) :v.VecSector;

if (v.VecSector ==1 || v.VecSector ==4)

{ v.Ta= v.tmp2;

v.Tb= v.tmp1 -v.tmp3;

v.Tc=-v.tmp2;

}

...

PWM_MACRO

This code assigns the PWM signals to the transistors in the three-phase inverter:

/* Mfuncx range is (-1,1) */

/* The code below changes PeriodMax*Mfuncx range ....

*/

/* from (-PeriodMax ,PeriodMax) to (0, PeriodMax) where HalfPerMax=

PeriodMax /2 */

(*ePWM[ch1]).CMPA.half.CMPA = _IQmpy(m.HalfPerMax ,m.MfuncC1)+ m.HalfPerMax

;

(*ePWM[ch2]).CMPA.half.CMPA = _IQmpy(m.HalfPerMax ,m.MfuncC2)+ m.HalfPerMax

;

(*ePWM[ch3]).CMPA.half.CMPA = _IQmpy(m.HalfPerMax ,m.MfuncC3)+ m.HalfPerMax

;
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Experiments

4.1 Simulation

Simulink is used for simulation of the motor. The simulink model created for this thesis is shown

in figure 4.1 below, including subsystems in figure 4.2, 4.3, 4.4 and 4.5.
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<Rotor speed wm (rad/s)>

<Stator current is_b (A)>

<Stator current is_a (A)>

<Stator current is_a (A)>

<Stator current is_c (A)>

<Electromagnetic torque Te (N*m)>

<Stator back EMF e_cV)>

<Stator back EMF e_b (V)>

<Stator back EMF e_a (V)>

Figure 4.1: BLDC system

The system consists of two PI-controllers with feedback from speed and current, an inverter and

a PMSM motor with trapezoidal back-EMF. The commutating is done by reading of Hall-sensor

values that is implemented in the pre-defined motor block.

62
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Figure 4.2: PI-controller

This PI-controller was made directly by reading the C-code from the PI-block supplied by Texas

Instruments.
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Figure 4.3: Inverter

The inverter consists of 6 MOSFETs and the PWM signals are generated by the use of Hall-

sensors.
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This module implements the following true table

   emf_a   |   emf_b   |   emf_c   ||   Q1   |   Q2   |   Q3   |   Q4   |   Q5   |   Q6
    ------------------------------------------------------------------------------------------------------------------

      0              0                0            0          0          0           0        0        0
      0               -1              +1          0          0          0           1        1        0
    -1              +1                0          0          1          1           0        0        0
    -1               0               +1          0          1         0           0        1        0
   +1               0                -1          1          0          0           0        0        1
   +1              -1                0           1          0          0           1        0        0
     0              +1               -1           0          0          1           0        0        1
    0              0                0             0          0          0           0        0        0
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Gates
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> 0

< 0

> 0

< 0

> 0

1
emf_abc

is_a e_a2

Figure 4.4: Hall Gates

This is a pre-defined block in Simulink that does the Hall-effect logic. See table in the figure.

This module implements the following true table

   ha   |   hb   |   hc   ||   emf_a   |   emf_b   |   emf_c
    --------------------------------------------------------------------------------

0          0         0          0               0               0  
0          0         1          0               -1              +1
0          1         0          -1              +1                0
0          1         1          -1               0               +1
1          0         0         +1               0               -1
1          0         1         +1              -1                0
1          1         0          0              +1               -1
1          1         1          0               0                0
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Figure 4.5: Hall decoder

This is a pre-defined block in Simulink that does the Hall-effect logic. See table in the figure.
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The inverter input signals are shown in figure 4.6. These signals are created using feedback from

the Hall-effect sensors.
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Figure 4.6: Bemf

The back-EMF signals and stator currents are shown in 4.7 below
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Figure 4.7: Bemf

The simulated response is shown in figure 4.8 below.
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Figure 4.8: Simulated response, ref: 3000 rpm
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4.2 Testing

4.2.1 Equipment

The equipment used for this project is from Texas Instruments. The High Voltage Motor Con-

trol and PFC Kit (see figure 4.11) is designed to be used on Piccolo and Delfine microcontrollers

from Texas Instruments.

The software used for simulation is Matlab and Simulink. The software for realtime logging is

CatmanEasy from HBM.

A test rig is set up for the experiments, see figure 4.9. The rig consists of:

• Optical encoder [21]

• BLDC motor [20]

• Rotary torque-transducer [22]

• Dynamo
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Figure 4.9: Test rig

High Voltage Motor Control and PFC Developer’s Kit A motor kit (TMDSHVMTRPFCKIT)from

Texas Instruments [23] is used, where all the hardware needed to control a motor is supplied. It

is based around the C2000 32-bit microcontroller family, and the controlcard used for this thesis

is the C2000 Piccolo TMS320F28035 MCU [24]. Software used for this controller is a free unre-

stricted version of Code Composer Studio integrated development environment (IDE).

Figure 4.10: High Voltage Motor Control and PFC (R1.1) Kit [25]
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Microcontroller The microcontroller used is TMS320F28035 from Texas Instruments. It has a

32-bit floating point CPU and a cycle time of 16.67 ns (60 MHz). More information can be found

in the datasheet [24].

Figure 4.11: TMS320F28035 [24]

*

Motor The motor used in this thesis is a high voltage BLDC motor from Anaheim Automation.

Hall-effect sensors are integrated in this motor. The motor parameters can be found in table 3.1

in section 3.
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Figure 4.12: HVBLDCMTR [6]

*

AC-transformer The input voltage is supplied by an AC-transformer, shown in figure 4.12 below.

Figure 4.13: AC-transformer

*

Lab-supply A lab-supply is used to feed the coils in the dynamo with currents. This will generate

a constant magnetic field that will slow down the motor connected to the dynamo.
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Figure 4.14: Lab supply

*

Oscilloscope The oscilloscope used is a Tektronix MSO 2014 Mixed Signal Oscilloscope, which

is rated for 100MHz.

Figure 4.15: Oscilloscope

*

Dynamo The dynamo used is an abandoned dynamo from a previous car owner.
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Figure 4.16: Dynamo

*

Torque transducer The torque transducer used is rated for 20Nm and is supplied by Norbar [22].

Figure 4.17: Torque transducer

*

Optical encoder The optical encoder used is from Baumer Electronics and is rated for 12000 rpm

with 500 pulses per revolution [21].
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Figure 4.18: Optical encoder: BDK16.05a [21]

*

Summarized The figure 4.11 below shows the main components of the hardware. The input AC

voltage is supplied by the AC-transformer and is converted into DC voltage. The DC voltage is

used to power the MCU including giving voltage into the three-phase inverter. The PWM signals

are sent from the MCU and used as inputs on the transistors on the inverter. The transistors

outputs are connected to the motor input phases.
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Figure 4.19: An overview of the toolkit [23]
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4.2.2 Finding the moment of inertia

The system model is derived in chapter 3. The inertia seen by the motor is found by an experi-

ment. A weight is attached to the shaft of the dynamo by using a string. The mass of the weight

is known, as well as the radius of the shaft.

The weight is dropped and is free falling. The velocity is logged and shown i figure 4.20. The

following parameters are measured:

m = 0.28 [kg]

r = 0.0235 [m]

α= 10.4858 [rad/s2]

Where m is the mass of the weight, r is the radius of the shaft where the string is attached and α

is the angular acceleration.
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Figure 4.20: Angular velocity of weight. The red tangent represents the angular acceleration.

From Newton II. law we get following equation for figure 4.21:

S −m · g =−m ·a (4.1)
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Moment of inertia for the shaft:

S · r = J ·α (4.2)

The relationship between α and the acceleration of the string is:

a =α · r (4.3)

Using equation (4.2.2) we get:

a =α · r = 10.4858 ·0.0235 ≈ 0.2464 [m/s2] (4.4)

Using equation 4.2.2:

S −m · g =−m ·a

S = m · (g −a) = 0.28 · (9.81−0.2464) ≈ 2.6678 [kg · m / s2]

The inertia can be calculated from equation 4.2.2 :

S · r = J ·α

J = S · r

α
= 2.6678 ·0.0235

10.4858
≈ 0.006 [kg·m2]

The moment of inertia of the motor is

Jm = J ·Kt = 0.006 ·0.33 ≈ 0.002 [kg ·m2] (4.5)

Where Kt is the torque constant, found in the datasheet of the motor.
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4.2.3 Step responses in open-loop
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Figure 4.22: Step responses. Estimated response: overdamped system. Sensorless and hall re-
sponse: critical damped system. FOC response: underdamped system

Estimated response:

Gest(s) = 4.028

0.8097 ·10−3s2 +0.7977s +1
(4.6)

The step responses in figure 4.22 above is achieved in open loop driving. The steps in voltage

reference are not available during logging, therefore the idle time τ is assumed to be τ≈ 0. The

experiments are done with the testing rig, which means that the moment of inertia described in

section 4.2.2 applies here. The step responses are analysed:
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4.2.3.1 Sensorless controller parameters

The controller parameters can be found using Ziegler open-loop method. By finding the pa-

rameters shown in figure 4.23 below, we can calculate the parameters for the desired controller

using the formulas in table 4.1.
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Figure 4.23: Ziegler open-loop method

The parameters from this step response in figure 4.22 are calculated in Matlab.

Amplitude in step: ∆u = 2.7467 V

We read from figure 4.22 by calculating parameters using figure 4.23:

Initial value: cinitial ≈ 38.1585 rad/s

Final value: cfinal ≈ 48.9329 rad/s

Amplitude process variable: ∆c = cfinal − cinitial = 48.9329−38.1585 rad/s = 10.7744 rad/s

The time constants are τd = 0.3567 s and τs = 0.6767 s The gain can be found from cinitial +∆u ·
K = cfinal

Which gives K = cfinal−cinitial
∆u = ∆c

∆u = 10.7744 rad/s
2.7467 V = 3.923 rad/s

V
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Controller type Gain Reset Derivative

P τs ·∆u
τd ·∆c - -

PI 0.9·τs ·∆u
τd ·∆c 3.3 ·τd -

PID 1.2·τs ·∆u
τd ·∆c 2.0 ·τd 0.5 ·τd

Table 4.1: Controller parameters

As the motor controller can be exposed to temperatures up to 150◦C and the ambient pressure

can be as high as 7500 PSI (the electronics does not experience more than 1 bar), the measure-

ments may be exposed to noise. The sampling frequency for the controller is also very high

(40kHz). Taken this in consideration, the controller type for this motor is chosen to be a PI-

controller. The PID-controller is known to be very sensitive to measurement noise.

PI-parameters from table 4.1 gives:

Kp = 0.9 ·τs ·∆u

τd ·∆c
= 0.9 ·0.6767 ·2.7467

0.3567 ·10.774
= 0.4353

Ti = 3.3 ·τd = 3.3 ·0.3567 = 1.1771

Where

Ki =
Kp

Ti
= 0.4353

1.1771
= 0.3698

As the controller is implemented in a microcontroller it is not operating in continuous time, but

in discrete time. This is why the Ki parameter has to be divided with the sampling time Ts :

Ki d = Ts

0.3698

Where Ts = 1
40000 .
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4.2.3.2 Hall-effect controller parameters

The parameters from this step response in figure 4.22 are calculated in Matlab.

Amplitude in step: ∆u = 8 V

We read from figure 4.22 by calculating parameters using figure 4.23:

Initial value: cinitial = 0 rad/s

Final value: cfinal = 31.5652 rad/s

Amplitude process variable: ∆c = cfinal − cinitial = 31.5652−0 rad/s = 31.5652 rad/s

The time constants are: τd = 0.2967 s and τs = 1.3033 s

The gain can be found from cinitial +∆u ·K = cfinal

Which gives K = cfinal−cinitial
∆u = ∆c

∆u = 31.5652 rad/s
8 V = 3.9457 rad/s

V

In section 4.2.3.1 the controller for this motor was chosen to be a PI-controller. We get following

PI-parameters from table 4.1:

Kp = 0.9 ·τs ·∆u

τd ·∆u
= 0.9 ·1.3033 ·8

0.2967 ·31.5652
= 1.002

Ti = 3.3 ·τd = 3.3 ·0.2967 = 0.9791

Where

Ki =
Kp

Ti
= 1.002

0.9791
= 1.0236

Where Ki d is:

Ki d = Ts

1.0236

See section 4.2.3.1 for explanation.

4.2.3.3 FOC controller parameters

The parameters from this step response in figure 4.22 are calculated in Matlab.
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Current-loop

Amplitude in step: ∆u = 8 V

We read from figure 4.22 by calculating parameters using figure 4.23:

Initial value: cinitial = 0 rad/s

Final value: cfinal = 31.9914 rad/s

Amplitude process variable: ∆c = cfinal − cinitial = 31.9914−0 rad/s = 31.9914 rad/s

The time constants are: τd = 0.2900 s and τs = 1.1900 s

The gain can be found from cinitial +∆u ·K = cfinal

Which gives K = cfinal−cinitial
∆u = ∆c

∆u = 31.9914 rad/s
8 V = 3.9989 rad/s

V

In section 4.2.3.1 the controller for this motor was chosen to be a PI-controller. We get following

PI-parameters from table 4.1:

Kp = 0.9 ·τs ·∆u

τd ·∆u
= 0.9 ·1.1900 ·8

0.2900 ·31.9914
= 0.9236

Ti = 3.3 ·τd = 3.3 ·0.2900 = 0.9570

Where

Ki =
Kp

Ti
= 1.002

0.9791
= 0.9651

Where Ki d is:

Ki d = Ts

0.9651

See section 4.2.3.1 for explanation.

Speed-loop

From section 4.2.4.3 we find out that one more PI-controller is needed in cascade system. The

parameters for this controller is found by the step response in closed-loop driving.
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Figure 4.24: Step response from current-loop

Amplitude in step: ∆u = 20 V

We read from figure 4.22 by calculating parameters using figure 4.23:

Initial value: cinitial = 0 rad/s

Final value: cfinal = 79.7020 rad/s

Amplitude process variable: ∆c = cfinal − cinitial = 31.9914−0 rad/s = 79.7020 rad/s

The time constants are: τd = 0.4633 s and τs = 3.600 s

The gain can be found from cinitial +∆u ·K = cfinal

Which gives K = cfinal−cinitial
∆u = ∆c

∆u = 79.7020 rad/s
20 V = 3.985 rad/s

V

In section 4.2.3.1 the controller for this motor was chosen to be a PI-controller. We get following

PI-parameters from table 4.1:

Kp = 0.9 ·τs ·∆u

τd ·∆u
= 0.9 ·3.600 ·20

0.4633 ·79.7020
= 1.7546

Ti = 3.3 ·τd = 3.3 ·0.4633 = 1.5289

Where

Ki =
Kp

Ti
= 1.7546

1.5289
= 1.1476

We want the primary-loop(speed-loop) to see a faster process than the secondary-loop(current

loop). This would allow the secondary controller to compensate the current before the primary

controller starts to regulating the torque. By letting the current controllers act 10 times faster
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than the speed controller, we get:

Ki d = 10 ·Ts

0.9651

See section 4.2.3.1 for explanation of the Ts parameter.

Sources of error

By comparing Guc(s) to the estimated process Gest(s) in equation (4.2.3) we can see that they

correlate quite good. The major difference is the s2 term which is much higher. As the motor is

connected to a dynamo as well as a torque transducer and an optical encoder during these tests,

some sources of error will affect the results. The biggest error comes from the slack between the

motor and the dynamo. This is because of the torque transducer that is old and worn down.

From Farraday’s law, an electromotive force is induced in the dynamo, just like the motor. This

basically means that when the motor increases in speed, the EMF in the dynamo is increased.

When the EMF in the dynamo is increased, the load that the motor sees is increased. The EMF

was measured during the experiments and the EMF induced is so low that it is negligible. Keep

in mind that the friction constant is also neglected in the estimated model.

The exact time of step input from the step responses was not available for logging during the

experiments. The time intervals in figure 4.22 is fixed so that the step input is toggled in t = 0.

They should be close to actual values based on observations.

The process response time Tr and time delay τ is τ ≈ 0 is Tr ≈ 0 because of the high sampling

interval of the system. The sampling interval Ts is 2.5·10−5 s which means that system is sampled

40 000 times per second.

4.2.4 Closed-loop responses

The PI-parameters calculated from section 4.2.3.1 to 4.2.3.3 are implemented in the controllers

and the responses in closed-loop operation are shown in figure 4.25 below.
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Figure 4.25: Closed-loop responses

The red curves are showing the torque seen by the torque transducer. The dynamo was fed

with a current of 1 ampere from a labsupply in the intervals given in table 4.2. The change of

load outside these time intervals occurs because of the change in angular velocity. See equation

(4.2.4) below.

τnet = dL

d t
= d(Iω)

d t
= I

dω

d t
= Iα (4.7)

Where L is angular momentum, I is the moment of inertia,ω is the angular velocity andα is the

angular acceleration.

As the torque transducer used is worn down and has some mechanical loosenesses, the curves

does not show the actual torque values during the experiments. For an ideal torque transducer,

the load should be estimated to be τnet ≈ 0 when the angular velocity is constant and when there

is no step in the load.
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Sensorless Hall FOC

Start End Start End Start End

36 s 51 s 31 s 46 s 26 s 46 s

Table 4.2: Load intervals

4.2.4.1 Sensorless closed-loop response

As the start-up sequence for the sensorless code isn’t very optimal, the motor needs around 13

seconds in open-loop to be stable before closing the loop. The inefficient ramp-up algorithm

that is implemented allows the commutation period to be faster than what is optimal for the

motor during a high-load start-up. This basically means that a lag between electrical rounds

and mechanical rounds occur. This is shown quite well in the oscillating load curve from 10s to

23s in figure 4.25.

Disregarded the start-up time of the motor, the speed control is looking good. The speed does

not drop too much when the load is put on and the the response time of the controller is fast.

There is no oscillations created from the controller.

The tiny change of speed in t = 5 is from the aligning of the rotor.

By implementing the start routine presented in [26], a better start-up of the motor is achieved.

An attempt to tune in the parameters is shown in figure 4.26 below. The controller goes from

open-loop to closed-loop in around t = 18sek.
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Figure 4.26: Sensorless start-up phase. Step in reference in around t=14sek

4.2.4.2 Hall-effect closed-loop response

The start-up sequence from this method is fast and stable. The step in reference is initiated

around t = 8s and switches from open-loop to closed loop in around t = 8.5s.

The PI-parameters for this method gives more or less the same response as the sensorless re-

sponse described in the previous section.

4.2.4.3 FOC closed-loop response

The closed-loop response is made by using PI-regulators for the desired flux and torque compo-

nents of the stator current, where Id ref = 0 and Iq ref = 0.1. The start-up sequence of this method

is quite unique. As the torque component Iq is regulated to be a certain value, Iq ref = 0.1, the

change of speed reference makes the angular velocity change very linearly.

The step in load does not seem to affect speed, unless we zoom in on the figure (see figure 4.36

below), which is also because of the FOC method is based on always achieving maximum torque

per am. The response shows a small overshoot and a very fast settling time after the step in load.
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Figure 4.27: Zoom-in of FOC closed-loop response

The response may seem very effective, but if the motor load is higher than the referenced torque,

the motor will stall and die out. If the motor load is much lower than the referenced torque, the

motor will use much more power than is needed and may start to stall or oscillate. Three ex-

periments are conducted to see how the responses is with different values of the desired torque

reference Iq ref. This experiments are done using only current loop. The reference in speed is

750 rpm and the load is ramping up until the motor stalls and die out. See figures below:
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Figure 4.28: Id=0, Iq = 0.06
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Figure 4.29: Id=0, Iq = 0.1
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Figure 4.30: Id=0, Iq = 0.12

It is obvious that when the load gets too high and the reference torque isn’t sufficient enough to

oppose the load, the motor get problems. The motor couldn’t handle more than 0.18Nm with

Iq = 0. The motor drives well with Iq = 0.1 and load TL ≈ 0.30, but starts oscillating as the load

increases. The motor drives well with Iq = 0.12 and load TL ≈ 0.35, but starts oscillating as the

load increases. By increasing the torque Iq when the load increases, we should get rid of most

of the oscillations. We can do this by adding one more PI-controller, used for speed/torque reg-

ulating, in cascade with the current controllers.

Note that the rated motor torque is 0.5Nm and the rated speed is 3000 rpm, which means that

the torque should be continuous at 0.5
3000 ·750 = 0.125N m and lower. Also note that the torque

transducer used in this experiment is worn down and won’t give precise values.



CHAPTER 4. EXPERIMENTS 91

Unfortunately due to high load changes during these experiments, the connection between the

motor, torque transducer and dynamo has been worsened. The motor can therefore not be used

in any more experiments.

4.2.4.4 PWM-signals

The PWM signals measured during the experiments are shown below. There was only one probe

available for the oscillator, so the figures will only contain one signal. The signals has gone

through a low-pass filter, which is why some of the signals might seem a bit distorted. See figure

captions for descriptions of the signals. The reasons behind these outcomes are already de-

scribed in section 2.4.

Sensorless and Hall-effect driving

Figure 4.31: This is the input of the lower transistors on the inverter. The lowers transistors are
either fully on or fully off. The two other transistor signals look the same, but the signals are
shifted 120◦ of each other.
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Figure 4.32: This is the input of the higher transistors on the inverter. The inputs are PWM
signals. The two other transistor signals look the same, but the signals are shifted 120◦ of each
other.

FOC driving

Figure 4.33: This PWM signal varies in duty cycle. As the scale on the oscillator won’t give us a
full picture of how the signal look like, another figure at a different time is supplied underneath
this figure. This is the input for one of the higher transistors. The lower transistors input, is
inverted of this. The other transistor signals are shifted 120◦ of each other.

Figure 4.34: This is the same signal as the one above, just at around one second later.
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4.2.4.5 Voltage inputs

The voltage input signals measured during the experiments are shown below. There was only

one probe available for the oscillator, so the figures will only contain one signal. The signals has

gone through a low-pass filter, which is why some of the signals might seem a bit distorted. See

figure captions for descriptions of the signals. The reasons behind these outcomes are already

described in section 2.4.

Sensorless and Hall-effect driving

Figure 4.35: This is the voltage input of one of the phases, resulted by the PWM signals shown
in the previous section. The two other voltage inputs look the same, but the signals are shifted
120◦ of each other.

FOC driving

:

Figure 4.36: This is the voltage input of one of the phases, resulted by the PWM signals shown
in the previous section. The two other voltage inputs look the same, but the signals are shifted
120◦ of each other.
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Results

The outcome of the experiments shows that the sensorless control has problems during the start

up time of the motor. As the back-EMF isn’t available at low or none speed, the method is un-

predictable and inaccurate. One of the requirements of the controller is that the driving should

be precise, meaning that the speed /position always should be available. It is difficult to get an

exact number of revolutions the rotor has done during the ramp up time of the motor. This can

lead to misplacement of the linear actuator in the EMT which can have catastrophic events if

e.g. the current protect of the motor fails and the actuator collides with an obstacle. The param-

eters for the start-up method implemented in this controller is dependent on how much load

the motor sees. In normal operation of the EMT, it is not unusual that the motor has a very high

load at start-up which requires a high amount of torque. This is the situation when the plug is

set in the well, and the rotary actuator is going to pull it. As the sensorless method is based on

back-EMF reading, it is exposed to noise during operations which will result in unstable speeds

or worse. The start routine proposed in [26] was implemented and showed us that the start-up

method of the motor was greatly improved, but still had some problems during high loads.

The rotor position is available almost instantly after the motor is running with use of Hall-

sensors. This means that the motor won’t have any problems starting up at high loads. The

rotor position is obtained every 60◦ of an electrical round just like the zero-crossing method in

sensorless control, but is less exposed to noise. The generation of PWM signals is also the same

as the sensorless method, where the PWM signals are switching on and off without any really
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gentle transitions. As a result for both methods a torque ripple will be generated. This means

lower efficiency and louder noise from the motor.

The FOC method generates PWM signals that smoothly increases and decreases the duty cycles

in all three phases, instead of the hard two-phase on/off switching like the other methods. This

results in a more sine-wave formed voltage than the other methods, which again prevents the

torque ripples. The motor almost doesn’t make a sound when its running.

5.1 Summary and Conclusions

The most efficient method is without a question FOC with use of an optical encoder (or resolver),

though this is the most advanced and expensive method. The requirement specifications of the

rotary actuator says that the speed control doesn’t need to be very precise, as the rotary actuator

only rotate until it hits a certain current protect(Using a relationship between current, torque,

temperature and pressure). Both Hall-effect sensors and optical encoder with FOC can be used

for this actuator. The back-EMF sensing method can also be used, but the start-up algorithm

has to be greatly improved as the torque varies. The results shows that with the FOC method we

actually can control the torque per amp directly, which is a huge advantage for knowing what

torque the plug should be set at.

The linear actuator has higher requirement specifications. It is important that speed / position

control is very accurate, as the actuator is moving between gear positions that is millimeter-

defined. Unless the motor is connected to a gearbox that has a very high gear ratio that can

compensate the potential loss of rounds, FOC with encoder/resolver is absolutely the best alter-

native.



CHAPTER 5. RESULTS 96

5.2 Discussion

All of the methods are essentially eligible for the use of motor control in the EMT. There are

clearly big differences between the methods, both good and bad.It all comes up to choosing a

method depending on if a simple and low-cost method is good enough, or a more advanced

but more expensive method is desired. All of the advantages and disadvantages should been

covered up in the findings, and the choosing of method should be easy to evaluate.

5.3 Recommendations for Further Work

The start-up algorithm for sensorless driving of the BLDC motor can be improved. A recommen-

dation for future work is to improve the algorithm to make the motor handle high loads during

start up. An improved method of handling direct back-EMF sensing is proposed in [27] where

the back-EMF signal amplified and reduced in noise. An improved way of driving a sensorless

motor is needed in the marked as a low cost solution always will be desirable.

A more comprehensive analysis of the three different methods presented in this paper can be

performed. Some suggestions are:

• Analyse the power consumption in the motor at different speeds and different loads. Com-

pare the results with the different methods.

• Perform some experiments of position control. Let the motor run for x number of revolu-

tions, and compare the final position with the different methods. It might be advisable to

use a linear actuator for this, and eventually a gearbox to increase the torque and reduce

the speed of the output shaft.

• Compare the different torque outputs, see how much torque ripples the different methods

actually generate.

• Implement cascade-controllers in all methods, where the inner secondary regulator con-

trols the current and the outer primary regulator controls the speed. Compare the re-

sponse with and without the cascade implementation.
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• Compare the BLDC motor with the conventional PMSM motor.
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Acronyms

ADC Analogue-to-Digital Converter

ALU Arithmetic Logic Unit

BLDC Brushless Direct Current

DAC Digital-to-Analogue Converter

DSP Digital Signal Processor

EMF Electromotive Force

EMT Electric Manipulation Tool

FOC Field Oriented Control

ISR Interrupt Service Routine

MCU Microcontroller Unit

MMF Magnetomotive Force

MOSFET Metal–Oxide–Semiconductor Field-Effect Transistor

PCB Printed Circuit Board

PMSM Permanent Magnet Synchronous Machine
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PWM Pulse Width Modulation

SVPWM Space Vector Pulse Width Modulation

µc Microcontroller

µp Microprocessor
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Appendix A

Controller code

A.1 Description

The source code for the controller created is in Code Composer and is found in folder ”Appendix

A" in the attached zip file:

There are three folders:

math_blocks - Contains the pre-defined mathblock by Texas Instruments. Note that these are

customized to own code.

HVPM_Sensored - Contains source code for the FOC method.

BLDC_Testing - Contains source code for the Hall-effect sensors and sensorless method.

Remark:Please note that Code Composer Studio and ControlSuite from Texas Instruments has

to be installed on the computer to compile the solutions.
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Appendix A/HVPM_Sensored/F2803x_FLASH/makefile

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

SHELL = cmd.exe

CG_TOOL_ROOT := C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2

ORDERED_OBJS += \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" \
"./DLOG4CHC.obj" \
"./DSP2803x_CodeStartBranch.obj" \
"./DSP2803x_GlobalVariableDefs.obj" \
"./DSP2803x_usDelay.obj" \
"./HVPM_Sensored-DevInit_F2803x.obj" \
"./HVPM_Sensored.obj" \
"../F28035_FLASH_HVPM_Sensored.CMD" \
"C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" \
$(GEN_CMDS__FLAG) \
-l"rts2800_ml.lib" \

-include ../makefile.init

RM := DEL /F
RMDIR := RMDIR /S/Q

# All of the sources participating in the build are defined here
-include sources.mk
-include subdir_vars.mk
-include subdir_rules.mk
-include objects.mk

ifneq ($(MAKECMDGOALS),clean)
ifneq ($(strip $(S_DEPS)),)
-include $(S_DEPS)
endif
ifneq ($(strip $(S_UPPER_DEPS)),)
-include $(S_UPPER_DEPS)
endif
ifneq ($(strip $(S62_DEPS)),)
-include $(S62_DEPS)
endif
ifneq ($(strip $(C64_DEPS)),)
-include $(C64_DEPS)
endif
ifneq ($(strip $(ASM_DEPS)),)
-include $(ASM_DEPS)
endif
ifneq ($(strip $(CC_DEPS)),)
-include $(CC_DEPS)
endif
ifneq ($(strip $(S55_DEPS)),)
-include $(S55_DEPS)
endif
ifneq ($(strip $(C67_DEPS)),)
-include $(C67_DEPS)
endif
ifneq ($(strip $(CLA_DEPS)),)
-include $(CLA_DEPS)
endif
ifneq ($(strip $(C??_DEPS)),)
-include $(C??_DEPS)
endif
ifneq ($(strip $(CPP_DEPS)),)
-include $(CPP_DEPS)
endif
ifneq ($(strip $(S??_DEPS)),)
-include $(S??_DEPS)
endif
ifneq ($(strip $(C_DEPS)),)
-include $(C_DEPS)
endif
ifneq ($(strip $(C62_DEPS)),)
-include $(C62_DEPS)
endif
ifneq ($(strip $(CXX_DEPS)),)
-include $(CXX_DEPS)
endif
ifneq ($(strip $(C++_DEPS)),)
-include $(C++_DEPS)
endif
ifneq ($(strip $(ASM_UPPER_DEPS)),)
-include $(ASM_UPPER_DEPS)
endif
ifneq ($(strip $(K_DEPS)),)
-include $(K_DEPS)
endif
ifneq ($(strip $(C43_DEPS)),)
-include $(C43_DEPS)
endif
ifneq ($(strip $(INO_DEPS)),)
-include $(INO_DEPS)
endif
ifneq ($(strip $(S67_DEPS)),)
-include $(S67_DEPS)
endif
ifneq ($(strip $(SA_DEPS)),)
-include $(SA_DEPS)
endif
ifneq ($(strip $(S43_DEPS)),)
-include $(S43_DEPS)
endif
ifneq ($(strip $(OPT_DEPS)),)
-include $(OPT_DEPS)
endif
ifneq ($(strip $(PDE_DEPS)),)
-include $(PDE_DEPS)
endif
ifneq ($(strip $(S64_DEPS)),)
-include $(S64_DEPS)
endif
ifneq ($(strip $(C_UPPER_DEPS)),)
-include $(C_UPPER_DEPS)
endif
ifneq ($(strip $(C55_DEPS)),)
-include $(C55_DEPS)
endif
endif

-include ../makefile.defs

# Add inputs and outputs from these tool invocations to the build variables 
EXE_OUTPUTS += \
HVPM_Sensored.out \

EXE_OUTPUTS__QUOTED += \
"HVPM_Sensored.out" \


# All Target
all: HVPM_Sensored.out

# Tool invocations
HVPM_Sensored.out: $(OBJS) $(CMD_SRCS) $(CMD_UPPER_SRCS) $(LIB_SRCS) $(GEN_CMDS)
	@echo 'Building target: $@'
	@echo 'Invoking: C2000 Linker'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 -z -m"HVPM_Sensored.map" --stack_size=0x380 --warn_sections -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/lib" -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" -i"C:/ti/controlSUITE/development_kits/HVMotorCtrl+PfcKit_v2.1/HVPM_Sensored" --reread_libs --xml_link_info="HVPM_Sensored_linkInfo.xml" --rom_model -o "HVPM_Sensored.out" $(ORDERED_OBJS)
	@echo 'Finished building target: $@'
	@echo ' '

# Other Targets
clean:
	-$(RM) $(EXE_OUTPUTS__QUOTED)
	-$(RM) "DSP2803x_GlobalVariableDefs.pp" "HVPM_Sensored-DevInit_F2803x.pp" "HVPM_Sensored.pp" 
	-$(RM) "DLOG4CHC.obj" "DSP2803x_CodeStartBranch.obj" "DSP2803x_GlobalVariableDefs.obj" "DSP2803x_usDelay.obj" "HVPM_Sensored-DevInit_F2803x.obj" "HVPM_Sensored.obj" 
	-$(RM) "DLOG4CHC.pp" "DSP2803x_CodeStartBranch.pp" "DSP2803x_usDelay.pp" 
	-@echo 'Finished clean'
	-@echo ' '

.PHONY: all clean dependents
.SECONDARY:

-include ../makefile.targets








Appendix A/BLDC_Testing/F2803x_FLASH/makefile

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

SHELL = cmd.exe

CG_TOOL_ROOT := C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2

ORDERED_OBJS += \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" \
"./DLOG4CHC.obj" \
"./DSP2803x_CodeStartBranch.obj" \
"./DSP2803x_CpuTimers.obj" \
"./DSP2803x_GlobalVariableDefs.obj" \
"./DSP2803x_usDelay.obj" \
"./HVBLDC_Sensorless-DevInit_F2803x.obj" \
"./HVBLDC_Sensorless.obj" \
"../F28035_FLASH_HVBLDC_Sensorless.CMD" \
"C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" \
$(GEN_CMDS__FLAG) \
-l"rts2800_ml.lib" \

-include ../makefile.init

RM := DEL /F
RMDIR := RMDIR /S/Q

# All of the sources participating in the build are defined here
-include sources.mk
-include subdir_vars.mk
-include subdir_rules.mk
-include objects.mk

ifneq ($(MAKECMDGOALS),clean)
ifneq ($(strip $(S_DEPS)),)
-include $(S_DEPS)
endif
ifneq ($(strip $(S_UPPER_DEPS)),)
-include $(S_UPPER_DEPS)
endif
ifneq ($(strip $(S62_DEPS)),)
-include $(S62_DEPS)
endif
ifneq ($(strip $(C64_DEPS)),)
-include $(C64_DEPS)
endif
ifneq ($(strip $(ASM_DEPS)),)
-include $(ASM_DEPS)
endif
ifneq ($(strip $(CC_DEPS)),)
-include $(CC_DEPS)
endif
ifneq ($(strip $(S55_DEPS)),)
-include $(S55_DEPS)
endif
ifneq ($(strip $(C67_DEPS)),)
-include $(C67_DEPS)
endif
ifneq ($(strip $(CLA_DEPS)),)
-include $(CLA_DEPS)
endif
ifneq ($(strip $(C??_DEPS)),)
-include $(C??_DEPS)
endif
ifneq ($(strip $(CPP_DEPS)),)
-include $(CPP_DEPS)
endif
ifneq ($(strip $(S??_DEPS)),)
-include $(S??_DEPS)
endif
ifneq ($(strip $(C_DEPS)),)
-include $(C_DEPS)
endif
ifneq ($(strip $(C62_DEPS)),)
-include $(C62_DEPS)
endif
ifneq ($(strip $(CXX_DEPS)),)
-include $(CXX_DEPS)
endif
ifneq ($(strip $(C++_DEPS)),)
-include $(C++_DEPS)
endif
ifneq ($(strip $(ASM_UPPER_DEPS)),)
-include $(ASM_UPPER_DEPS)
endif
ifneq ($(strip $(K_DEPS)),)
-include $(K_DEPS)
endif
ifneq ($(strip $(C43_DEPS)),)
-include $(C43_DEPS)
endif
ifneq ($(strip $(INO_DEPS)),)
-include $(INO_DEPS)
endif
ifneq ($(strip $(S67_DEPS)),)
-include $(S67_DEPS)
endif
ifneq ($(strip $(SA_DEPS)),)
-include $(SA_DEPS)
endif
ifneq ($(strip $(S43_DEPS)),)
-include $(S43_DEPS)
endif
ifneq ($(strip $(OPT_DEPS)),)
-include $(OPT_DEPS)
endif
ifneq ($(strip $(PDE_DEPS)),)
-include $(PDE_DEPS)
endif
ifneq ($(strip $(S64_DEPS)),)
-include $(S64_DEPS)
endif
ifneq ($(strip $(C_UPPER_DEPS)),)
-include $(C_UPPER_DEPS)
endif
ifneq ($(strip $(C55_DEPS)),)
-include $(C55_DEPS)
endif
endif

-include ../makefile.defs

# Add inputs and outputs from these tool invocations to the build variables 
EXE_OUTPUTS += \
HVBLDC_Sensorless.out \

EXE_OUTPUTS__QUOTED += \
"HVBLDC_Sensorless.out" \


# All Target
all: HVBLDC_Sensorless.out

# Tool invocations
HVBLDC_Sensorless.out: $(OBJS) $(CMD_SRCS) $(CMD_UPPER_SRCS) $(LIB_SRCS) $(GEN_CMDS)
	@echo 'Building target: $@'
	@echo 'Invoking: C2000 Linker'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 -z -m"HVBLDC_Sensorless.map" --stack_size=0x380 --warn_sections -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/lib" -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" -i"C:/ti/controlSUITE/development_kits/HVMotorCtrl+PfcKit_v2.1/HVBLDC_Sensorless" --reread_libs --xml_link_info="HVBLDC_Sensorless_linkInfo.xml" --rom_model -o "HVBLDC_Sensorless.out" $(ORDERED_OBJS)
	@echo 'Finished building target: $@'
	@echo ' '

# Other Targets
clean:
	-$(RM) $(EXE_OUTPUTS__QUOTED)
	-$(RM) "DSP2803x_CpuTimers.pp" "DSP2803x_GlobalVariableDefs.pp" "HVBLDC_Sensorless-DevInit_F2803x.pp" "HVBLDC_Sensorless.pp" 
	-$(RM) "DLOG4CHC.obj" "DSP2803x_CodeStartBranch.obj" "DSP2803x_CpuTimers.obj" "DSP2803x_GlobalVariableDefs.obj" "DSP2803x_usDelay.obj" "HVBLDC_Sensorless-DevInit_F2803x.obj" "HVBLDC_Sensorless.obj" 
	-$(RM) "DLOG4CHC.pp" "DSP2803x_CodeStartBranch.pp" "DSP2803x_usDelay.pp" 
	-@echo 'Finished clean'
	-@echo ' '

.PHONY: all clean dependents
.SECONDARY:

-include ../makefile.targets








Appendix A/math_blocks/v4.0/aci_fe.h

/* =================================================================================
File name:       ACI_FE.H   (IQ version)                  
===================================================================================*/

#ifndef __ACI_FE_H__
#define __ACI_FE_H__

typedef struct {  _iq  ThetaFlux;      	// Output: Rotor flux angle 
	              _iq  IQsS;		    // Input: Stationary q-axis stator current  
	              _iq  IDsS;         	// Input: Stationary d-axis stator current
	              _iq  IDsE;			// Variable: Measured current in sync. reference frame  
	              _iq  K1;           	// Parameter: Constant using in current model 
	              _iq  FluxDrE;        	// Variable: Rotating d-axis rotor flux (current model)
	              _iq  K2;           	// Parameter: Constant using in current model 
	              _iq  FluxQrS;        	// Variable: Stationary q-axis rotor flux (current model) 
	              _iq  FluxDrS;        	// Variable: Stationary d-axis rotor flux (current model) 
	              _iq  K3;           	// Parameter: Constant using in stator flux computation 
	              _iq  K4;           	// Parameter: Constant using in stator flux computation 
	              _iq  FluxDsS;        	// Variable: Stationary d-axis stator flux (current model) 
	              _iq  FluxQsS;        	// Variable: Stationary q-axis stator flux (current model) 
				  _iq  PsiDsS;			// Variable: Stationary d-axis stator flux (voltage model) 
	              _iq  Kp;           	// Parameter: PI proportionnal gain 
	              _iq  Error;			// Parameter: Error term
	              _iq  UiDsS;           // Variable: Stationary d-axis integral term 
	              _iq  UCompDsS;        // Variable: Stationary d-axis compensated voltage 
	              _iq  Ki;           	// Parameter: PI integral gain 
	              _iq  PsiQsS;       	// Variable: Stationary q-axis stator flux (voltage model) 
	              _iq  UiQsS;           // Variable: Stationary q-axis integral term  
	              _iq  UCompQsS;        // Variable: Stationary q-axis compensated voltage 
	              _iq  EmfDsS;          // Variable: Stationary d-axis back emf 
	              _iq  UDsS;         	// Input: Stationary d-axis stator voltage 
	              _iq  K5;           	// Parameter: Constant using in back emf computation 
	              _iq  K6;           	// Parameter: Constant using in back emf computation 
	              _iq  EmfQsS;          // Variable: Stationary q-axis back emf  
	              _iq  UQsS;         	// Input: Stationary q-axis stator voltage 
	              _iq  K8;           	// Parameter: Constant using in rotor flux computation 
	              _iq  K7;           	// Parameter: Constant using in rotor flux computation 
				  _iq  PsiDrS;			// Output: Stationary d-axis estimated rotor flux 
				  _iq  PsiQrS;			// Output: Stationary q-axis estimated rotor flux 
				  _iq  OldEmf;		    // Variable: Old back-emf term
				  _iq  Sine;			// Variable: Sine term
				  _iq  Cosine;			// Variable: Cosine term 
				 } ACIFE;	            

/*-----------------------------------------------------------------------------
	Default initalizer for the ACIFE object.
-----------------------------------------------------------------------------*/                     
#define ACIFE_DEFAULTS {  0,    /*  ThetaFlux  */  	\
	                      0,    /*  IDsS  */     	\
	                      0,    /*  IQsS  */     	\
	                      0,    /*  IQsE  */     	\
	                      0,    /*  K1 */       	\
	                      0,    /*  FluxDrE  */    	\
	                      0,    /*  K2  */       	\
	                      0,    /*  FluxDrS  */    	\
	                      0,    /*  FluxQrS  */    	\
	                      0,    /*  K3  */       	\
	                      0,    /*  K4  */       	\
	                      0,    /*  FluxDsS  */    	\
	                      0,    /*  FluxQsS  */    	\
	 		              0,    /*  PsiDsS  */   	\
	                      0,    /*  Kp  */       	\
	                      0,    /*  Error  */      	\
	                      0,    /*  UiDsS  */    	\
	                      0,    /*  UCompDsS  */    \
	                      0,    /*  Ki  */ 			\
	                      0,    /*  PsiQsS  */   	\
 	                      0,    /*  UiQsS  */    	\
	                      0,    /*  UCompQsS  */    \
	                      0,    /*  EmfDsS  */      \
                          0,    /*  UDsS  */     	\
	                      0,    /*  K5  */       	\
	                      0,    /*  K6  */       	\
	                      0,    /*  EmfQsS  */      \
                          0,    /*  UQsS  */     	\
	                      0,    /*  K8  */       	\
	                      0,    /*  K7  */       	\
		                  0,    /*  PsiDrS  */   	\
		                  0,	/*  PsiQrS  */   	\
		                  0,	/*  OldEmf  */   	\
		                  0,	/*  Sine  */	   	\
		                  0,	/*  Cosine  */   	\
						}	              			 

/*------------------------------------------------------------------------------
	ACI Flux Estimator MACRO Definition 
------------------------------------------------------------------------------*/


#define ACIFE_MACRO(v)															\
																				\
/* Calculate Sine and Cosine terms for Park/IPark transformations	*/			\
	v.Sine 	 = _IQsinPU(v.ThetaFlux);											\
	v.Cosine = _IQcosPU(v.ThetaFlux);											\
																				\
/* Park transformation on the measured stator current*/							\
	v.IDsE = _IQmpy(v.IQsS,v.Sine);												\
	v.IDsE += _IQmpy(v.IDsS,v.Cosine);											\
																				\
/* The current model section (Classical Rotor Flux Vector Control Equation)*/	\
	v.FluxDrE = _IQmpy(v.K1,v.FluxDrE) + _IQmpy(v.K2,v.IDsE);					\
																				\
/* Inverse park transformation on the rotor flux from the current model*/		\
	v.FluxDrS = _IQmpy(v.FluxDrE,v.Cosine);										\
	v.FluxQrS = _IQmpy(v.FluxDrE,v.Sine);										\
																				\
/* Compute the stator flux based on the rotor flux from current model*/			\
	v.FluxDsS = _IQmpy(v.K3,v.FluxDrS) + _IQmpy(v.K4,v.IDsS);					\
	v.FluxQsS = _IQmpy(v.K3,v.FluxQrS) + _IQmpy(v.K4,v.IQsS);					\
																				\
/* Conventional PI controller section */										\
	v.Error =  v.PsiDsS - v.FluxDsS;											\
	v.UCompDsS = _IQmpy(v.Kp,v.Error) + v.UiDsS;								\
	v.UiDsS = _IQmpy(v.Kp,_IQmpy(v.Ki,v.Error)) + v.UiDsS;						\
																				\
	v.Error =  v.PsiQsS - v.FluxQsS;											\
	v.UCompQsS = _IQmpy(v.Kp,v.Error) + v.UiQsS;								\
	v.UiQsS = _IQmpy(v.Kp,_IQmpy(v.Ki,v.Error)) + v.UiQsS;						\
																				\
/* Compute the estimated stator flux based on the integral of back emf*/		\
	v.OldEmf = v.EmfDsS;														\
	v.EmfDsS = v.UDsS - v.UCompDsS - _IQmpy(v.K5,v.IDsS);						\
	v.PsiDsS = v.PsiDsS + _IQdiv2(_IQmpy(v.K6,(v.EmfDsS + v.OldEmf)));			\
																				\
	v.OldEmf = v.EmfQsS;														\
	v.EmfQsS = v.UQsS - v.UCompQsS - _IQmpy(v.K5,v.IQsS);						\
	v.PsiQsS = v.PsiQsS + _IQdiv2(_IQmpy(v.K6,(v.EmfQsS + v.OldEmf)));			\
																				\
/* Estimate the rotor flux based on stator flux from the integral of back emf*/	\
																				\
	v.PsiDrS = _IQmpy(v.K7,v.PsiDsS) - _IQmpy(v.K8,v.IDsS);						\
	v.PsiQrS = _IQmpy(v.K7,v.PsiQsS) - _IQmpy(v.K8,v.IQsS);						\
																				\
/* Compute the rotor flux angle*/												\
	v.ThetaFlux = _IQatan2PU(v.PsiQrS,v.PsiDrS);

#endif // __ACI_FE_H__








Appendix A/math_blocks/v4.0/aci_fe_const.h

/* =================================================================================
File name:       ACI_FE_CONST.H                     
====================================================================================*/
#ifndef __ACI_FE_CONST_H__
#define __ACI_FE_CONST_H__

typedef struct 	{ float32  Rs; 				// Input: Stator resistance (ohm) 
				  float32  Rr;				// Input: Rotor resistance (ohm) 
			      float32  Ls;				// Input: Stator inductance (H) 	  			      
				  float32  Lr;				// Input: Rotor inductance (H) 			
				  float32  Lm;				// Input: Magnetizing inductance (H)
				  float32  Ib; 				// Input: Base phase current (amp) 
				  float32  Vb;				// Input: Base phase voltage (volt) 
				  float32  Ts;				// Input: Sampling period in sec 
				  float32  Tr;				// Parameter: Rotor time constant 
			      float32  K1;				// Output: constant using in rotor flux calculation  
			      float32  K2;				// Output: constant using in rotor flux calculation  
			      float32  K3;				// Output: constant using in rotor flux calculation 
			      float32  K4;				// Output: constant using in stator current calculation  
			      float32  K5;				// Output: constant using in stator current calculation  
			      float32  K6;				// Output: constant using in stator current calculation  
			      float32  K7;				// Output: constant using in stator current calculation  
			      float32  K8;				// Output: constant using in torque calculation  
				} ACIFE_CONST;

/*-----------------------------------------------------------------------------
	Default initalizer for the ACIFE_CONST object.
-----------------------------------------------------------------------------*/                     
#define ACIFE_CONST_DEFAULTS {0,0,0,0, 		\
                              0,0,0,0,		\
                              0,0,0,0,		\
 		          	          0,0,0,0,	 	\
                             }

/*------------------------------------------------------------------------------
	ACIFE_CONST MACRO Definition
------------------------------------------------------------------------------*/


#define ACIFE_CONST_MACRO(v)					\
												\
/* Rotor time constant (sec)*/					\
   v.Tr = v.Lr/v.Rr;							\
   												\
   v.K1 = v.Tr/(v.Tr+v.Ts);						\
   v.K2 = v.Ts/(v.Tr+v.Ts);						\
   v.K3 = v.Lm/v.Lr;							\
   v.K4 = (v.Ls*v.Lr-v.Lm*v.Lm)/(v.Lr*v.Lm);	\
   v.K5 = v.Ib*v.Rs/v.Vb;						\
   v.K6 = v.Vb*v.Ts/(v.Lm*v.Ib);				\
   v.K7 = v.Lr/v.Lm;							\
   v.K8 = (v.Ls*v.Lr-v.Lm*v.Lm)/(v.Lm*v.Lm);

#endif













Appendix A/math_blocks/v4.0/aci_se.h

/* =================================================================================
File name:       ACI_SE.H           
===================================================================================*/


#ifndef __ACI_SE_H__
#define __ACI_SE_H__

typedef struct {  _iq  	IQsS;  			// Input: Stationary q-axis stator current  
				  _iq  	PsiDrS;  		// Input: Stationary d-axis rotor flux  
				  _iq  	IDsS;			// Input: Stationary d-axis stator current  
				  _iq  	PsiQrS;			// Input: Stationary q-axis rotor flux  		
		 	 	  _iq  	K1;				// Parameter: Constant using in speed computation  
                  _iq  	SquaredPsi; 	// Variable: Squared rotor flux    
    			  _iq  	ThetaFlux;  	// Input: Rotor flux angle      		  
		 	 	  _iq21 K2;				// Parameter: Constant using in differentiator (Q21) - independently with global Q 
    			  _iq  	OldThetaFlux; 	// Variable: Previous rotor flux angle      		  
		 	 	  _iq  	K3;				// Parameter: Constant using in low-pass filter   
		 	 	  _iq21 WPsi;			// Variable: Synchronous rotor flux speed (Q21) - independently with global Q 
		 	 	  _iq  	K4;				// Parameter: Constant using in low-pass filter  
		 	 	  _iq  	WrHat;			// Output: Estimated speed in per unit  
				 Uint32 BaseRpm; 		// Parameter: Base rpm speed (Q0) - independently with global Q  		 	 	  
		 	 	  int32 WrHatRpm;		// Output: Estimated speed in rpm (Q0) - independently with global Q
		 	 	  _iq   WSlip;			// Variable: Slip
		 	 	  _iq	WSyn;			// Variable: Synchronous speed
				 } ACISE;	            
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																			

/*-----------------------------------------------------------------------------
Default initalizer for the ACISE object.
----------------------------------------------------------------------------- */                    
#define ACISE_DEFAULTS {  0, 			\
                          0, 			\
                          0, 			\
                          0, 			\
                          _IQ(0.1), 	\
                          0, 			\
                          0, 			\
                          _IQ21(0.1), 	\
                          0, 			\
                          _IQ(0.1), 	\
                          0, 			\
                          _IQ(0.1), 	\
                          0, 			\
                          3600, 		\
              			  0, 			\
              			  0, 			\
              			  0, 			\
              			}

#define DIFF_MAX_LIMIT  	_IQ(0.80)
#define DIFF_MIN_LIMIT  	_IQ(0.20)

/*------------------------------------------------------------------------------
	ACI Speed Estimator MACRO Definition 
------------------------------------------------------------------------------ */


#define ACISE_MACRO(v)															\
																				\
/*  Slip computation */															\
	v.SquaredPsi = _IQmpy(v.PsiDrS,v.PsiDrS)+_IQmpy(v.PsiQrS,v.PsiQrS);			\
																				\
	v.WSlip= _IQmpy(v.K1,(_IQmpy(v.PsiDrS,v.IQsS) - _IQmpy(v.PsiQrS,v.IDsS)));	\
	v.WSlip= _IQdiv(v.WSlip,v.SquaredPsi);										\
																				\
/*	Synchronous speed computation	*/											\
	if ((v.ThetaFlux < DIFF_MAX_LIMIT)&(v.ThetaFlux > DIFF_MIN_LIMIT))			\
/* 	Q21 = Q21*(GLOBAL_Q-GLOBAL_Q)*/												\
		  v.WSyn = _IQmpy(v.K2,(v.ThetaFlux - v.OldThetaFlux));					\
	else  v.WSyn = v.WPsi;														\
																				\
/* low-pass filter, Q21 = GLOBAL_Q*Q21 + GLOBAL_Q*Q21	*/						\
	v.WPsi = _IQmpy(v.K3,v.WPsi) + _IQmpy(v.K4,v.WSyn);							\
																				\
/* Q21 = Q21 - GLOBAL_Q */														\
	v.OldThetaFlux = v.ThetaFlux;												\
	v.WrHat = v.WPsi - _IQtoIQ21(v.WSlip);										\
																				\
/* Limit the estimated speed between -1 and 1 per-unit */						\
	v.WrHat=_IQsat(v.WrHat,_IQ21(1),_IQ21(-1));									\
	v.WrHat = _IQ21toIQ(v.WrHat);												\
																				\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q */								\
	v.WrHatRpm = _IQmpy(v.BaseRpm,v.WrHat);	

#endif // __ACI_SE_H__







Appendix A/math_blocks/v4.0/aci_se_const.h

/* =================================================================================
File name:       ACI_SE_CONST.H                     
===================================================================================*/
#ifndef __ACI_SE_CONST_H__
#define __ACI_SE_CONST_H__

typedef struct 	{ float32  Rr;				// Input: Rotor resistance (ohm) 
				  float32  Lr;				// Input: Rotor inductance (H) 	
				  float32  Tr;				// Variable: Rotor time constant 			
				  float32  fb;              // Input: Base electrical frequency (Hz)
				  float32  Wb;              // Variable: Base angular speed (rad/s)
                  float32  fc;              // Input: Cut-off frequency of lowpass filter (Hz)
                  float32  Tc;              // Variable: Time constant (sec)
				  float32  Ts;				// Input: Sampling period in sec 
			      float32  K1;				// Output: constant using in rotor flux calculation 
			      float32  K2;				// Output: constant using in rotor flux calculation 
			      float32  K3;				// Output: constant using in rotor flux calculation 
			      float32  K4;				// Output: constant using in stator current calculation 
				} ACISE_CONST;

/*-----------------------------------------------------------------------------
	Default initalizer for the ACISE_CONST object.
-----------------------------------------------------------------------------*/                     
#define ACISE_CONST_DEFAULTS {0,0,0,0,	\
                              0,0,0,0, 	\
 		          	          0,0,0,0, 	\
                             }

/*------------------------------------------------------------------------------
	ACI_SE_CONST macro definition  
------------------------------------------------------------------------------*/


#define PI 3.14159265358979  

#define ACISE_CONST_MACRO(v)				\
											\
/* Rotor time constant (sec) */				\
	v.Tr = v.Lr/v.Rr;						\
											\
/* Lowpass filter time constant (sec) */	\
	v.Tc = 1/(2*PI*v.fc);					\
											\
	v.Wb = 2*PI*v.fb;						\
	v.K1 = 1/(v.Wb*v.Tr);					\
	v.K2 = 1/(v.fb*v.Ts);					\
	v.K3 = v.Tc/(v.Tc+v.Ts);				\
	v.K4 = v.Ts/(v.Tc+v.Ts); 

	
#endif








Appendix A/math_blocks/v4.0/clarke.h

/* =================================================================================
File name:       CLARKE.H  
===================================================================================*/


#ifndef __CLARKE_H__
#define __CLARKE_H__

typedef struct {  _iq  As;  		// Input: phase-a stator variable
				  _iq  Bs;			// Input: phase-b stator variable
				  _iq  Cs;			// Input: phase-c stator variable  
				  _iq  Alpha;		// Output: stationary d-axis stator variable 
				  _iq  Beta;		// Output: stationary q-axis stator variable
		 	 	} CLARKE;	            

/*-----------------------------------------------------------------------------
	Default initalizer for the CLARKE object.
-----------------------------------------------------------------------------*/                     
#define CLARKE_DEFAULTS { 0, \
                          0, \
                          0, \
                          0, \
                          0, \
              			} 

/*------------------------------------------------------------------------------
	CLARKE Transformation Macro Definition
------------------------------------------------------------------------------*/

	
#define CLARKE_MACRO(v)											\
																\
v.Alpha = v.As;													\
v.Beta = _IQmpy((v.As +_IQmpy2(v.Bs)),_IQ(0.57735026918963));	\
																
//  1/sqrt(3) = 0.57735026918963								

#endif // __CLARKE_H__








Appendix A/math_blocks/v4.0/com_trig.h

/* =================================================================================
File name:       COM_TRIG.H  
===================================================================================*/


#include "PeripheralHeaderIncludes.h"

typedef  struct { Uint32 CmtnTrig;       	// Output: Commutation trigger output (0 or 0x00007FFF)       
                  _iq Va;                 	// Input: Motor phase a voltage referenced to GND (pu)  
                  _iq Vb;                 	// Input: Motor phase b voltage referenced to GND (pu)  
                  _iq Vc;                 	// Input: Motor phase c voltage referenced to GND (pu) 
                  _iq Neutral;            	// Variable: 3*Motor netural voltage (pu) 
                  Uint32 RevPeriod;      	// Variable: revolution time counter (Q0)        
                  Uint32 ZcTrig;         	// Variable: Zero-Crossing trig flag (0 or 0x00007FFF)  
                  Uint32 CmtnPointer;     	// Input: Commutation state pointer input (0,1,2,3,4,5)
                  _iq DebugBemf;         	// Variable: 3*Back EMF = 3*(vx=vn), x=a,b,c (pu)
                  Uint32 NoiseWindowCounter;// Variable: Noise windows counter (Q0) 
                  Uint32 Delay30DoneFlag;   // Variable: 30 Deg delay flag (0 or 0x0000000F) 
                  Uint32 NewTimeStamp;  	// Variable: Time stamp (Q0) 
                  Uint32 OldTimeStamp;  	// History: Previous time stamp (Q0) 
	              Uint32 VirtualTimer;    	// Input: Virtual timer (Q0) 
                  Uint32 CmtnDelay;      	// Variable: Time delay in terms of number of sampling time periods (Q0)    
                  Uint32 DelayTaskPointer; 	// Variable: Delay task pointer, see note below (0 or 1)
                  Uint32 NoiseWindowMax;  	// Variable: Maximum noise windows counter (Q0)
                  Uint32 CmtnDelayCounter; 	// Variable: Time delay counter (Q0) 
                  Uint32 NWDelta;      		// Variable: Noise windows delta (Q0)
                  Uint32 NWDelayThres;    	// Variable: Noise windows dynamic threshold (Q0)
                  Uint32 Revolutions;
                  Uint32 Triggers;
		 	 	   int32 GPR1_COM_TRIG;		// Variable: Division reminder
		 	 	   int32 Tmp;				// Variable: Temp. variable
		 	 	   int16 Direction;
                } CMTN;

/*
Note: 
DelayTaskPointer = 0, branch for #COUNT_DWN
DelayTaskPointer = 1, branch for #CHK_TRIGGER
*/

/*-----------------------------------------------------------------------------
Default initalizer for the CMTN object.
-----------------------------------------------------------------------------*/                     
#define CMTN_DEFAULTS { 0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        1, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
						0, \
                        0, \
						0, \
						1, \
              		   }

/*----------------------------------------------------------------------------------------------
	 CMTN_TRIG Macro Definition
----------------------------------------------------------------------------------------------*/

#define CMTN_TRIG_MACRO(v)																\
																						\
/* Always clear flags on entry*/														\
    v.CmtnTrig = 0;																		\
    v.ZcTrig = 0;																		\
        																				\
/* Neutral voltage calculation (3*motor Neutral voltage)*/								\
	v.Neutral = v.Va + v.Vb + v.Vc;														\
																						\
/* Commutation State table Tasks*/														\
/* State s1: current flows to motor windings from phase A->B, de-energized phase = C*/	\
   if (v.CmtnPointer == 0)																\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vc) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf > 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s1*/ 														\
																						\
/* State s2: current flows to motor windings from phase A->C, de-energized phase = B*/ 	\
    else if (v.CmtnPointer == 1)  														\
	{																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vb) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf < 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s2*/														\
																						\
/* State s3: current flows to motor windings from phase B->C, de-energized phase = A*/ 	\
    else if (v.CmtnPointer == 2)  														\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Va) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf > 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else  /*  Zero crossing Noise window processing*/									\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s3*/														\
																						\
/* State s4: current flows to motor windings from phase B->A, de-energized phase = C*/	\
    else if (v.CmtnPointer == 3)  														\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vc) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf < 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s4*/														\
																						\
/* State s5: current flows to motor windings from phase C->A, de-energized phase = B*/	\
    else if (v.CmtnPointer == 4)														\
    {																					\
	  v.Delay30DoneFlag = 0;	       /* clear flag for delay calc in State 5*/		\
	  																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vb) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf > 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing */								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s5	 */													\
																						\
/* State s6: current flows to motor windings from phase C->B, de-energized phase = A*/	\
    else if (v.CmtnPointer == 5)  														\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Va) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf < 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
      DELAY_30DEG_MACRO(v);																\
    }   /* else if-end: State s6*/														\
																						\
/* Zero crossing to Commutation trigger delay*/											\
   v.CmtnTrig = 0;     /* Always clear flag on entry */									\
																						\
   if (v.DelayTaskPointer > 0)     /* v.DelayTaskPointer = 1 for #CHK_TRIGGER*/			\
   { 																					\
      if (v.ZcTrig != 0)																\
      {																					\
/* Substract NoiseWindowMax to compensate the advanced zero-crossing validation point */\
          v.CmtnDelayCounter = v.CmtnDelay - v.NoiseWindowMax;							\
          v.DelayTaskPointer = 0;     /* v.DelayTaskPointer = 0 for #COUNT_DWN*/		\
      }																					\
   }																					\
   else     /* v.DelayTaskPointer = 0 for #COUNT_DWN */									\
   {  																					\
       v.CmtnDelayCounter -= 1;															\
       if (v.CmtnDelayCounter == 0) 													\
       {																				\
          v.CmtnTrig = 0x00007FFF; /* Yes!- Set trigger. This is used */				\
/* as an input to "MOD6_CNTR" module that changes the commutation sequence.*/			\
				             															\
          v.Triggers++;																	\
          if (v.Triggers > 5)															\
          	{																			\
                v.Revolutions++;														\
                v.Triggers = 0;															\
            }																			\
          v.DelayTaskPointer = 1;       /* v.DelayTaskPointer = 1 for #CHK_TRIGGER*/	\
       }    																			\
   }

/*----------------------------------------------------------------------------------------------
	 NOISE_WINDOW_CNT Macro Definition
----------------------------------------------------------------------------------------------*/

#define NOISE_WINDOW_CNT_MACRO(v)															\
   if (v.CmtnDelay >= v.NWDelayThres)      /* noise window is fixed Value*/					\
      v.NoiseWindowMax = v.NWDelayThres - v.NWDelta;										\
   else                                       /* noise window adjusted dynamically*/		\
      v.NoiseWindowMax = v.CmtnDelay - v.NWDelta;											\
																							\
   v.NoiseWindowCounter += 1;																\
																							\
   if (v.NoiseWindowCounter == v.NoiseWindowMax)  /* zc must occur max_noise_window times*/	\
   {																						\
     v.ZcTrig = 0x00007FFF;       /* Yes! Set trigger */									\
     v.NoiseWindowCounter = 0;																\
   }								

/*----------------------------------------------------------------------------------------------
	DELAY_30DEG Macro Definition
----------------------------------------------------------------------------------------------*/

#define DELAY_30DEG_MACRO(v)																\
/* Delay 30 deg calculator*/																\
   if (v.Delay30DoneFlag == 0)																\
   {  																						\
      v.OldTimeStamp = v.NewTimeStamp;														\
      v.NewTimeStamp = v.VirtualTimer; 														\
      v.Tmp = v.NewTimeStamp - v.OldTimeStamp; 												\
      																						\
      if (v.Tmp > 0) /* Period = NewTimeStamp - OldTimeStamp*/								\
          v.RevPeriod = v.Tmp;																\
      else       /* If Period is negative, allow "wrapping"  */								\
          v.RevPeriod = 0x00007FFF + v.Tmp;													\
																							\
      v.RevPeriod &= 0x0000FFFF;															\
																							\
      v.CmtnDelay = v.RevPeriod/12;                  /* Division quotient*/					\
      v.GPR1_COM_TRIG = v.RevPeriod - v.CmtnDelay*12;  /* Division reminder*/					\
      if (v.GPR1_COM_TRIG >= 6) 																\
           v.CmtnDelay += 1;     /* if Division reminder >= 6, rounding division quotient*/	\
      v.Delay30DoneFlag = 0x0000000F;  /* flag indicates "gone through" once*/				\
   }   /* if-end: v.Delay30DoneFlag == 0*/    







Appendix A/math_blocks/v4.0/cur_const.h

/* =================================================================================
File name:       CUR_CONST.H   
===================================================================================*/
#ifndef __CUR_CONST_H__
#define __CUR_CONST_H__

typedef struct 	{ float32  Rr;			// Input: Rotor resistance (ohm)	      			      
				  float32  Lr;			// Input: Rotor inductance (H)					  
				  float32  fb;          // Input: Base electrical frequency (Hz)
				  float32  Ts;			// Input: Sampling period (sec) 
			      float32  Kr;			// Output: constant using in magnetizing current calculation
			      float32  Kt;			// Output: constant using in slip calculation 
			      float32  K;	    	// Output: constant using in rotor flux angle calculation
			      float32  Tr;			// Variable: Rotor time constant (sec)
				} CURMOD_CONST;
																																																																																																																																																																																																								

/*-----------------------------------------------------------------------------
Default initalizer for the CURMOD_CONST object.
-----------------------------------------------------------------------------*/                     
#define CURMOD_CONST_DEFAULTS { 0,0,0,0, \
                                0,0,0,0  \
                               }

/*------------------------------------------------------------------------------
 CUR_CONST Macro Definition
------------------------------------------------------------------------------*/

#define PI 3.14159265358979


#define CUR_CONST_MACRO(v)		\
	v.Tr = v.Lr/v.Rr;			\
   								\
    v.Kr = v.Ts/v.Tr;			\
	v.Kt = 1/(v.Tr*2*PI*v.fb);	\
	v.K = v.Ts*v.fb;

#endif










Appendix A/math_blocks/v4.0/cur_mod.h

/* =================================================================================
File name:       CUR_MOD.H  
===================================================================================*/
#ifndef __CUR_MOD_H__
#define __CUR_MOD_H__

typedef struct 	{ _iq  IDs; 		// Input: Syn. rotating d-axis current (pu) 
				  _iq  IQs;			// Input: Syn. rotating q-axis current (pu) 
			      _iq  Wr;			// Input: Rotor electrically angular velocity (pu) 	  			      
				  _iq  IMDs;		// Variable: Syn. rotating d-axis magnetizing current (pu) 
				  _iq  Theta;		// Output: Rotor flux angle (pu)
			      _iq  Kr;			// Parameter: constant using in magnetizing current calculation
			      _iq  Kt;			// Parameter: constant using in slip calculation 
			      _iq  K;			// Parameter: constant using in rotor flux angle calculation
				  _iq  Wslip;		// Variable: Slip
				  _iq  We;			// Variable: Angular freq of the stator	
				} CURMOD;
																																																																																																																																																																																																								

/*-----------------------------------------------------------------------------
Default initalizer for the CURMOD object.
-----------------------------------------------------------------------------*/                     
#define CURMOD_DEFAULTS { 0,0,0,0,0, \
                          0,0,0,0,0 \
                       }

/*------------------------------------------------------------------------------
 CUR_MOD Macro Definition
------------------------------------------------------------------------------*/


#define CUR_MOD_MACRO(v)							\
	v.IMDs +=  _IQmpy(v.Kr,(v.IDs - v.IMDs));		\
	v.Wslip = _IQdiv(_IQmpy(v.Kt,v.IQs),v.IMDs);	\
	v.We = v.Wr + v.Wslip;							\
	v.Theta +=  _IQmpy(v.K,v.We);					\
													\
    if (v.Theta > _IQ(1))							\
       v.Theta -=  _IQ(1);							\
    else if (v.Theta < _IQ(0))						\
       v.Theta += _IQ(1);

//v.Theta=(v.Theta+_IQ(1.0))&& 0x00ffffff;

#endif








Appendix A/BLDC_Testing/dlog4ch-HVBLDC_Sensorless.h

/* ============================================================================
File name:  dlog4ch-HVBLDC_Sensorless.h                     
                    
Originator: Advanced Embeeded Control (AEC)
            Texas Instruments Inc.

Description: Header file containing constants, data type definitions, and 
function prototypes for the DATALOG module.
===============================================================================
 History:
-------------------------------------------------------------------------------
 18-5-2001 (DD/MM/YYYY) Release Rev 1.0                                                   
------------------------------------------------------------------------------*/

#ifndef __DLOG4CH_H__
#define __DLOG4CH_H__
 
#define NULL    0
 
typedef struct {    long  task;          // Variable:  Task address pointer   
                    int  *iptr1;         // Input: First input pointer (Q15)      
                    int  *iptr2;         // Input: Second input pointer (Q15)         
                    int  *iptr3;         // Input: Third input pointer (Q15)  
                    int  *iptr4;         // Input: Fourth input pointer (Q15)  
                    int  trig_value;     // Input: Trigger point (Q15)        
                    int  prescalar;      // Parameter: Data log prescale      
                    int  skip_cntr;      // Variable:  Data log skip counter      
                    int  cntr;           // Variable:  Data log counter       
                    long write_ptr;      // Variable:  Graph address pointer               
                    int  size;           // Parameter: Maximum data buffer     
                    int  (*init)();      // Pointer to init function          
                    int  (*update)();    // Pointer to update function         
               } DLOG_4CH;                
                                                         
typedef DLOG_4CH *DLOG_4CH_handle;                            
                                                         
void DLOG_4CH_init(void *);
void DLOG_4CH_update(void *);                                                         
                                                         
/*=============================================================================
Default initalizer for the DLOG_4CH object.
==============================================================================*/
                     
#define DLOG_4CH_DEFAULTS { 0UL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            0, \
                            1, \
                            0, \
                            0, \
                            0UL, \
                            0x0C0, \
                            (int (*)(int))DLOG_4CH_init, \
                            (int (*)(int))DLOG_4CH_update }

#endif







Appendix A/HVPM_Sensored/dlog4ch-HVPM_Sensored.h

/* ============================================================================
File name:  DLOG4CH-HVPM_Sensored.h                     
                    
Originator :Advanced Embeeded Control (AEC)
            Texas Instruments Inc.

Description: Header file containing constants, data type definitions, and 
function prototypes for the DATALOG module.
===============================================================================
 History:
-------------------------------------------------------------------------------
 18-5-2001 (DD/MM/YYYY) Release Rev 1.0                                                   
------------------------------------------------------------------------------*/

#ifndef __DLOG4CH_H__
#define __DLOG4CH_H__
 
#define NULL    0
 
typedef struct {    long  task;          // Variable:  Task address pointer   
                    int  *iptr1;         // Input: First input pointer (Q15)      
                    int  *iptr2;         // Input: Second input pointer (Q15)         
                    int  *iptr3;         // Input: Third input pointer (Q15)  
                    int  *iptr4;         // Input: Fourth input pointer (Q15)  
                    int  trig_value;     // Input: Trigger point (Q15)        
                    int  prescalar;      // Parameter: Data log prescale      
                    int  skip_cntr;      // Variable:  Data log skip counter      
                    int  cntr;           // Variable:  Data log counter       
                    long write_ptr;      // Variable:  Graph address pointer               
                    int  size;           // Parameter: Maximum data buffer     
                    int  (*init)();      // Pointer to init function          
                    int  (*update)();    // Pointer to update function         
               } DLOG_4CH;                
                                                         
typedef DLOG_4CH *DLOG_4CH_handle;                            
                                                         
void DLOG_4CH_init(void *);
void DLOG_4CH_update(void *);                                                         
                                                         
/*=============================================================================
Default initalizer for the DLOG_4CH object.
==============================================================================*/
                     
#define DLOG_4CH_DEFAULTS { 0UL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            0, \
                            1, \
                            0, \
                            0, \
                            0UL, \
                            0x0C0, \
                            (int (*)(int))DLOG_4CH_init, \
                            (int (*)(int))DLOG_4CH_update }

#endif







Appendix A/math_blocks/v4.0/dmctype.h

/* =================================================================================
File name:        DMCTYPE.H                    
===================================================================================*/
 
#ifndef DMCTYPE
#define DMCTYPE

//---------------------------------------------------------------------------
// For Portability, User Is Recommended To Use Following Data Type Size
// Definitions For 16-bit and 32-Bit Signed/Unsigned Integers:
//

typedef int             int16;
typedef long            int32;
typedef unsigned int    Uint16;
typedef unsigned long   Uint32;
typedef float           float32;
typedef long double     float64;


#endif  // DMCTYPE








Appendix A/BLDC_Testing/HVBLDC_Sensorless-Settings.h

/* =================================================================================
File name:  HVBLDC_Sensorless-Settings.H                     
                    
Description: Incremental Build Level control file.
=================================================================================  */
#ifndef PROJ_SETTINGS_H

/*------------------------------------------------------------------------------
Following is the list of the Build Level choices.
------------------------------------------------------------------------------*/
#define LEVEL1  1      		// Module check out (do not connect the motors) 
#define LEVEL2  2           // Verify ADC, calibrate the offset, run the motor open loop
#define LEVEL3  3           // Verify CMTN_TRIG module
#define LEVEL4  4           // Verify the closed loop based on the computed BEMF zero crossings
#define LEVEL5  5           // Verify the closed current loop and current PI controller
#define LEVEL6  6           // Verify the closed speed loop and speed PI controller
#define LEVEL7  7           // Test

/*------------------------------------------------------------------------------
This line sets the BUILDLEVEL to one of the available choices.
------------------------------------------------------------------------------*/
#define   BUILDLEVEL LEVEL7


#ifndef BUILDLEVEL    
#error  Critical: BUILDLEVEL must be defined !!
#endif  // BUILDLEVEL
//------------------------------------------------------------------------------


#ifndef TRUE
#define FALSE 0
#define TRUE  1
#endif

#define PI 3.14159265358979

// Define the system frequency (MHz)
#if (DSP2803x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 60
#elif (DSP280x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 100
#endif

// Define the ISR frequency (kHz)
#define ISR_FREQUENCY 40
#define PWM_FREQUENCY 20

// Parameter Initializations 
//#define ALIGN_DUTY   0x500
#define LOOP_CNT_MAX 0

// This machine parameters are based on BLDC motor
// Define the BLDC motor parameters 

#define RS 		2.35    	           	// Stator resistance (ohm)
#define RR   			               	// Rotor resistance (ohm) 
#define LS   	0.007	      			// Stator inductance (H)
#define LR   			  				// Rotor inductance (H) 	
#define LM   			   				// Magnatizing inductance (H)
#define POLES  	4						// Number of poles

// Define the base quantites
#define BASE_VOLTAGE    236	            // 236 Base peak phase voltage (volt) //48
#define BASE_CURRENT    10             // 10 Base peak phase current (amp) // 6.39
#define BASE_TORQUE         		    // Base torque (N.m)
#define BASE_FLUX       	       	    // Base flux linkage (volt.sec/rad)
#define BASE_FREQ      	100             // Base electrical frequency (Hz) RPM = Hz * 120 / poles //333
#define BASE_FREQ_QEP	400

#endif








Appendix A/BLDC_Testing/HVBLDC_Sensorless.h

/* ==============================================================================
System Name:  	HVBLDC_Sensorless

File Name:		HVBLDC_Sensorless

Description:	Primary system header file for the Real Implementation of Sensorless  
          		Trapezoidal Control of Brushless DC Motors (BLDC) 

=================================================================================  */


/*-------------------------------------------------------------------------------
Next, Include project specific include files.
-------------------------------------------------------------------------------*/

#include "com_trig.h"       	// Include header for the CMTN object
#include "pi.h"			       	// Include header for the PIDREG3 object
#include "rmp2cntl.h"       	// Include header for the RMP2 object
#include "rmp3cntl.h"       	// Include header for the RMP3 object
#include "impulse.h"       		// Include header for the IMPULSE object
#include "mod6_cnt.h"       	// Include header for the MOD6CNT object
#include "speed_pr.h"           // Include header for the SPEED_MEAS_REV object
#include "speed_fr.h"			// Include header for the SPEED_MEAS_QEP object
#include "rmp_cntl.h"       	// Include header for the RMPCNTL object  

#if (DSP2803x_DEVICE_H==1)

#include "f2803xileg_vdc.h" 	// Include header for the ILEG2DCBUSMEAS object 
#include "f2803xbldcpwm.h"      // Include header for the PWMGEN object
#include "f2803xqep.h"        	// Include header for the QEP object
#include "f2803xpwmdac.h"       // Include header for the PWMDAC object
#include "DSP2803x_EPwm_defines.h" // Include header for PWM defines
#include "f2803xhall_gpio.h"    // Include header for the HALL object
#endif 

#include "dlog4ch-HVBLDC_Sensorless.h"	// Include header for the DLOG_4CH object

//===========================================================================
// No more.
//===========================================================================







Appendix A/HVPM_Sensored/HVPM_Sensored-Settings.h

/* =================================================================================
File name:  HVPM_Sensored-Settings.H                     
                 
Description: Incremental Build Level control file.
=================================================================================  */
#ifndef PROJ_SETTINGS_H

/*------------------------------------------------------------------------------
Following is the list of the Build Level choices.
------------------------------------------------------------------------------*/
#define LEVEL1  1      		// Module check out (do not connect the motors) 
#define LEVEL0  0           // Verify open speed loop and speed PID

/*------------------------------------------------------------------------------
This line sets the BUILDLEVEL to one of the available choices.
------------------------------------------------------------------------------*/
#define   BUILDLEVEL LEVEL4


#ifndef BUILDLEVEL    
#error  Critical: BUILDLEVEL must be defined !!
#endif  // BUILDLEVEL
//------------------------------------------------------------------------------


#ifndef TRUE
#define FALSE 0
#define TRUE  1
#endif

#define PI 3.14159265358979

// Define the system frequency (MHz)
#if (DSP2803x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 60
#elif (DSP280x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 100
#endif

// Define the ISR frequency (kHz)
#define ISR_FREQUENCY 10

#define RS 		2.35    	           	// Stator resistance (ohm)
#define RR   			               	// Rotor resistance (ohm) 
#define LS   	0.007	      			// Stator inductance (H)
#define LR   			  				// Rotor inductance (H) 	
#define LM   			   				// Magnatizing inductance (H)
#define POLES  	4						// Number of poles

// Define the base quantites
#define BASE_VOLTAGE    236	            // 236 Base peak phase voltage (volt) //48
#define BASE_CURRENT    10             // 10 Base peak phase current (amp) // 6.39
#define BASE_TORQUE         		    // Base torque (N.m)
#define BASE_FLUX       	       	    // Base flux linkage (volt.sec/rad)
#define BASE_FREQ      	100             // Base electrical frequency (Hz) RPM = Hz * 120 / poles //333
#define BASE_FREQ_QEP	400
#endif








Appendix A/HVPM_Sensored/HVPM_Sensored.h

/* ==============================================================================
System Name:  	HVPM_Sensored

File Name:		HVPM_Sensored.h

Description:	Primary system header file for the Real Implementation of Sensored  
          		Field Orientation Control for a Three Phase Permanent-Magnet
          		Synchronous Motor 
===================================================================================*/

/*-------------------------------------------------------------------------------
Next, Include project specific include files.
-------------------------------------------------------------------------------*/


#include "park.h"       		// Include header for the PARK object 
#include "ipark.h"       		// Include header for the IPARK object 
#include "pi.h"       			// Include header for the PIDREG3 object 
#include "clarke.h"         	// Include header for the CLARKE object 
#include "svgen.h"       		// Include header for the SVGENDQ object 
#include "rampgen.h"        	// Include header for the RAMPGEN object 
#include "rmp_cntl.h"       	// Include header for the RMPCNTL object 
#include "speed_fr.h"			// Include header for the SPEED_MEAS_QEP object

#if (DSP2803x_DEVICE_H==1)
#include "f2803xileg_vdc.h" 	// Include header for the ILEG2DCBUSMEAS object 
#include "f2803xpwm.h"        	// Include header for the PWMGEN object
#include "f2803xpwmdac.h"       // Include header for the PWMGEN object
#include "f2803xqep.h"        	// Include header for the QEP object
#include "DSP2803x_EPwm_defines.h" // Include header for PWM defines
#endif

#include "dlog4ch-HVPM_Sensored.h"			// Include header for the DLOG_4CH object

//===========================================================================
// No more.
//===========================================================================







Appendix A/math_blocks/v4.0/impulse.h

/* =================================================================================
File name:        IMPULSE.H 
===================================================================================*/


#ifndef __IMPULSE_H__
#define __IMPULSE_H__

typedef struct { Uint32  Period;		// Input: Period of output impulse in a number of sampling cycles (Q0)			
				 Uint32  Out;      		// Output: Impulse generator output - Q0 (0x00000000 or 0x00007FFF)
		  	  	 Uint32  Counter;   	// Variable: Impulse generator counter (Q0)
			   } IMPULSE;	            

/*-----------------------------------------------------------------------------
Default initalizer for the IMPULSE object.
-----------------------------------------------------------------------------*/                     
#define IMPULSE_DEFAULTS { 1000,0,0 }

/*------------------------------------------------------------------------------
	IMPULSE Macro Definition
------------------------------------------------------------------------------*/

#define IMPULSE_MACRO(v)										\
  																\
  v.Out = 0;      /* Always clear impulse output at entry*/		\
  v.Counter++;    /* Increment the skip counter*/				\
																\
  if (v.Counter >= v.Period)									\
  {																\
     v.Out = 0x00007FFF;										\
     v.Counter = 0;        /* Reset counter*/					\
  } 

#endif // __IMPULSE_H__







Appendix A/math_blocks/v4.0/ipark.h

/* =================================================================================
File name:       IPARK.H   
===================================================================================*/

#ifndef __IPARK_H__
#define __IPARK_H__

typedef struct {  _iq  Alpha;  		// Output: stationary d-axis stator variable
				  _iq  Beta;		// Output: stationary q-axis stator variable
				  _iq  Angle;		// Input: rotating angle (pu)
				  _iq  Ds;			// Input: rotating d-axis stator variable
				  _iq  Qs;			// Input: rotating q-axis stator variable
				  _iq  Sine;		// Input: Sine term
				  _iq  Cosine;		// Input: Cosine term
		 	    } IPARK;	            

/*-----------------------------------------------------------------------------
Default initalizer for the IPARK object.
-----------------------------------------------------------------------------*/                     
#define IPARK_DEFAULTS {  0, \
                          0, \
                          0, \
                          0, \
                          0, \
						  0, \
                          0, \
              		   }

/*------------------------------------------------------------------------------
	Inverse PARK Transformation Macro Definition
------------------------------------------------------------------------------*/


#define IPARK_MACRO(v)										\
															\
v.Alpha = _IQmpy(v.Ds,v.Cosine) - _IQmpy(v.Qs,v.Sine);		\
v.Beta  = _IQmpy(v.Qs,v.Cosine) + _IQmpy(v.Ds,v.Sine);

#endif // __IPARK_H__








Appendix A/math_blocks/v4.0/mod6_cnt.h

/* =================================================================================
File name:        MOD6_CNT.H          
===================================================================================*/

#ifndef __MOD6_CNT_H__
#define __MOD6_CNT_H__

typedef struct { Uint32  TrigInput;   	// Input: Modulo 6 counter trigger input - Q0 (0x00000000 or 0x00007FFF)
				 Uint32  Counter;	    // Output: Modulo 6 counter output - Q0 (0,1,2,3,4,5)
				 int16 Direction;
			   } MOD6CNT;	            

/*-----------------------------------------------------------------------------
Default initalizer for the MOD6CNT object.
-----------------------------------------------------------------------------*/                     
#define MOD6CNT_DEFAULTS { 0,0,1 }

/*------------------------------------------------------------------------------
	MOD6_CNT Macro Definition
------------------------------------------------------------------------------*/


#define MOD6CNT_MACRO(v)												\
																		\
if (v.TrigInput > 0)													\
{																		\
	if(v.Direction == 1)												\
	{																	\
		if (v.Counter == 5)    /* Reset the counter when it is 5 */		\
			v.Counter = 0;												\
		else															\
			v.Counter++;         /* Otherwise, increment by 1 */		\
	}																	\
	else if(v.Direction == 0)											\
    {																	\
    	if (v.Counter == 0)    /* Reset the counter when it is 0 */		\
    		v.Counter = 5;												\
    	else															\
    		v.Counter--;         /* Otherwise, decrement by 1 */		\
     }																	\
}

#endif // __MOD_6CNT_H__ 







Appendix A/math_blocks/v4.0/park.h

/* =================================================================================
File name:       PARK.H 
===================================================================================*/

#ifndef __PARK_H__
#define __PARK_H__

typedef struct {  _iq  Alpha;  		// Input: stationary d-axis stator variable 
				  _iq  Beta;	 	// Input: stationary q-axis stator variable 
				  _iq  Angle;		// Input: rotating angle (pu) 
				  _iq  Ds;			// Output: rotating d-axis stator variable 
				  _iq  Qs;			// Output: rotating q-axis stator variable
				  _iq  Sine;
				  _iq  Cosine; 	 
		 	 	} PARK;	            

/*-----------------------------------------------------------------------------
Default initalizer for the PARK object.
-----------------------------------------------------------------------------*/                     
#define PARK_DEFAULTS {   0, \
                          0, \
                          0, \
                          0, \
                          0, \
						  0, \
                          0, \
              			  }

/*------------------------------------------------------------------------------
	PARK Transformation Macro Definition
------------------------------------------------------------------------------*/


#define PARK_MACRO(v)											\
																\
	v.Ds = _IQmpy(v.Alpha,v.Cosine) + _IQmpy(v.Beta,v.Sine);	\
    v.Qs = _IQmpy(v.Beta,v.Cosine) - _IQmpy(v.Alpha,v.Sine);

#endif // __PARK_H__







Appendix A/math_blocks/v4.0/pi.h

/* =================================================================================
File name:       PI.H 
===================================================================================*/


#ifndef __PI_H__
#define __PI_H__

typedef struct {  _iq  Ref;   			// Input: reference set-point
				  _iq  Fbk;   			// Input: feedback
				  _iq  Out;   			// Output: controller output 
				  _iq  Kp;				// Parameter: proportional loop gain
				  _iq  Ki;			    // Parameter: integral gain
				  _iq  Umax;			// Parameter: upper saturation limit
				  _iq  Umin;			// Parameter: lower saturation limit
				  _iq  up;				// Data: proportional term
				  _iq  ui;				// Data: integral term
				  _iq  v1;				// Data: pre-saturated controller output
				  _iq  i1;				// Data: integrator storage: ui(k-1)
				  _iq  w1;				// Data: saturation record: [u(k-1) - v(k-1)]
				} PI_CONTROLLER;


/*-----------------------------------------------------------------------------
Default initalisation values for the PI_GRANDO objects
-----------------------------------------------------------------------------*/                     

#define PI_CONTROLLER_DEFAULTS {		\
						   0, 			\
                           0, 			\
						   0, 			\
                           _IQ(1.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0),	\
                           _IQ(-1.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0) 	\
              			  }


/*------------------------------------------------------------------------------
 	PI_GRANDO Macro Definition
------------------------------------------------------------------------------*/

#define PI_MACRO(v)												\
																\
	/* proportional term */ 									\
	v.up = v.Ref - v.Fbk;										\
																\
	/* integral term */ 										\
	v.ui = (v.Out == v.v1)?(_IQmpy(v.Ki, v.up)+ v.i1) : v.i1;	\
	v.i1 = v.ui;												\
																\
	/* control output */ 										\
	v.v1 = _IQmpy(v.Kp, (v.up + v.ui));							\
	v.Out= _IQsat(v.v1, v.Umax, v.Umin);						\
	//v.w1 = (v.Out == v.v1) ? _IQ(1.0) : _IQ(0.0);				\
	
#endif // __PI_H__








Appendix A/math_blocks/v4.0/pid_grando.h

/* =================================================================================
File name:       PID_GRANDO.H 
===================================================================================*/


#ifndef __PID_H__
#define __PID_H__

typedef struct {  _iq  Ref;   			// Input: reference set-point
				  _iq  Fbk;   			// Input: feedback
				  _iq  Out;   			// Output: controller output 
				  _iq  c1;   			// Internal: derivative filter coefficient 1
				  _iq  c2;   			// Internal: derivative filter coefficient 2
				} PID_TERMINALS;
				// note: c1 & c2 placed here to keep structure size under 8 words

typedef struct {  _iq  Kr;				// Parameter: reference set-point weighting 
				  _iq  Kp;				// Parameter: proportional loop gain
				  _iq  Ki;			    // Parameter: integral gain
				  _iq  Kd; 		        // Parameter: derivative gain
				  _iq  Km; 		        // Parameter: derivative weighting
				  _iq  Umax;			// Parameter: upper saturation limit
				  _iq  Umin;			// Parameter: lower saturation limit
				} PID_PARAMETERS;

typedef struct {  _iq  up;				// Data: proportional term
				  _iq  ui;				// Data: integral term
				  _iq  ud;				// Data: derivative term
				  _iq  v1;				// Data: pre-saturated controller output
				  _iq  i1;				// Data: integrator storage: ui(k-1)
				  _iq  d1;				// Data: differentiator storage: ud(k-1)
				  _iq  d2;				// Data: differentiator storage: d2(k-1) 
				  _iq  w1;				// Data: saturation record: [u(k-1) - v(k-1)]
				} PID_DATA;


typedef struct {  PID_TERMINALS	term;
				  PID_PARAMETERS param;
				  PID_DATA		data;
				} PID_CONTROLLER;

/*-----------------------------------------------------------------------------
Default initalisation values for the PID objects
-----------------------------------------------------------------------------*/                     

#define PID_TERM_DEFAULTS {				\
						   0, 			\
                           0, 			\
                           0, 			\
                           0, 			\
						   0 			\
              			  }

#define PID_PARAM_DEFAULTS {			\
                           _IQ(1.0),	\
                           _IQ(1.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0),	\
                           _IQ(1.0),	\
                           _IQ(-1.0) 	\
              			  }

#define PID_DATA_DEFAULTS {			    \
                           _IQ(0.0),	\
                           _IQ(0.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(0.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0) 	\
              			  }


/*------------------------------------------------------------------------------
 	PID Macro Definition
------------------------------------------------------------------------------*/

#define PID_MACRO(v)																				\
																									\
	/* proportional term */ 																		\
	v.data.up = _IQmpy(v.param.Kr, v.term.Ref) - v.term.Fbk;										\
																									\
	/* integral term */ 																			\
	v.data.ui = _IQmpy(v.param.Ki, _IQmpy(v.data.w1, (v.term.Ref - v.term.Fbk))) + v.data.i1;		\
	v.data.i1 = v.data.ui;																			\
																									\
	/* derivative term */ 																			\
	v.data.d2 = _IQmpy(v.param.Kd, _IQmpy(v.term.c1, (_IQmpy(v.term.Ref, v.param.Km) - v.term.Fbk))) - v.data.d2;	\
	v.data.ud = v.data.d2 + v.data.d1;																\
	v.data.d1 = _IQmpy(v.data.ud, v.term.c2);														\
																									\
	/* control output */ 																			\
	v.data.v1 = _IQmpy(v.param.Kp, (v.data.up + v.data.ui + v.data.ud));							\
	v.term.Out= _IQsat(v.data.v1, v.param.Umax, v.param.Umin);										\
	v.data.w1 = (v.term.Out == v.data.v1) ? _IQ(1.0) : _IQ(0.0);									\
	
#endif // __PID_H__








Appendix A/math_blocks/v4.0/pid_reg3.h

/* ==================================================================================
File name:       PID_REG3.H  (IQ version)                    
=====================================================================================*/

#ifndef __PIDREG3_H__
#define __PIDREG3_H__

typedef struct {  _iq  Ref;   			// Input: Reference input 
				  _iq  Fdb;   			// Input: Feedback input 
				  _iq  Err;				// Variable: Error
				  _iq  Kp;				// Parameter: Proportional gain
				  _iq  Up;				// Variable: Proportional output 
				  _iq  Ui;				// Variable: Integral output 
				  _iq  Ud;				// Variable: Derivative output 	
				  _iq  OutPreSat; 		// Variable: Pre-saturated output
				  _iq  OutMax;		    // Parameter: Maximum output 
				  _iq  OutMin;	    	// Parameter: Minimum output
				  _iq  Out;   			// Output: PID output 
				  _iq  SatErr;			// Variable: Saturated difference
				  _iq  Ki;			    // Parameter: Integral gain
				  _iq  Kc;		     	// Parameter: Integral correction gain
				  _iq  Kd; 		        // Parameter: Derivative gain
				  _iq  Up1;		   	    // History: Previous proportional output
		 	 	} PIDREG3;	            

typedef PIDREG3 *PIDREG3_handle;
/*-----------------------------------------------------------------------------
Default initalizer for the PIDREG3 object.
-----------------------------------------------------------------------------*/                     
#define PIDREG3_DEFAULTS { 0, 			\
                           0, 			\
                           0, 			\
                           _IQ(1.3), 	\
                           0, 			\
                           0, 			\
                           0, 			\
                           0, 			\
                           _IQ(1), 		\
                           _IQ(-1), 	\
                           0, 			\
                           0, 			\
                           _IQ(0.02), 	\
                           _IQ(0.5), 	\
                           _IQ(1.05), 	\
                           0, 			\
              			  }

/*------------------------------------------------------------------------------
 	PID Macro Definition
------------------------------------------------------------------------------*/


#define PID_MACRO(v)																					\
	v.Err = v.Ref - v.Fdb; 									/* Compute the error */						\
	v.Up= _IQmpy(v.Kp,v.Err);								/* Compute the proportional output */		\
	v.Ui= v.Ui + _IQmpy(v.Ki,v.Up) + _IQmpy(v.Kc,v.SatErr);	/* Compute the integral output */			\
	v.OutPreSat= v.Up + v.Ui;								/* Compute the pre-saturated output */		\
	v.Out = _IQsat(v.OutPreSat, v.OutMax, v.OutMin);		/* Saturate the output */					\
	v.SatErr = v.Out - v.OutPreSat;							/* Compute the saturate difference */		\
	v.Up1 = v.Up;											/* Update the previous proportional output */

#endif // __PIDREG3_H__

// Add the lines below if derivative output is needed following the integral update
// v.Ud = _IQmpy(v.Kd,(v.Up - v.Up1)); 
// v.OutPreSat = v.Up + v.Ui + v.Ud; 







Appendix A/math_blocks/v4.0/rampgen.h

/* =================================================================================
File name:        RAMPGEN.H  
===================================================================================*/

#ifndef __RAMPGEN_H__
#define __RAMPGEN_H__

typedef struct { _iq  Freq; 		// Input: Ramp frequency (pu) 	
		 	     _iq  StepAngleMax;	// Parameter: Maximum step angle (pu)		
	 	 	     _iq  Angle;		// Variable: Step angle (pu)					  
			     _iq  Gain;			// Input: Ramp gain (pu)
			     _iq  Out;  	 	// Output: Ramp signal (pu) 	
			     _iq  Offset;		// Input: Ramp offset (pu) 				 
	  	  	   } RAMPGEN;	            

/*------------------------------------------------------------------------------
      Object Initializers
------------------------------------------------------------------------------*/                       
#define RAMPGEN_DEFAULTS {0,		\
						  0,		\
						  0,		\
						  _IQ(1),	\
						  0,		\
						  _IQ(1), 	\
                         }

/*------------------------------------------------------------------------------
	RAMP(Sawtooh) Generator Macro Definition
------------------------------------------------------------------------------*/                                               

#define RG_MACRO(v)									\
													\
/* Compute the angle rate */						\
	v.Angle += _IQmpy(v.StepAngleMax,v.Freq);		\
													\
/* Saturate the angle rate within (-1,1) */			\
	if (v.Angle>_IQ(1.0))							\
		v.Angle -= _IQ(1.0);						\
	else if (v.Angle<_IQ(-1.0))						\
		v.Angle += _IQ(1.0);						\
		v.Out=v.Angle;

// Use the code snippet below if gain/offset needed.													\
/* Compute the ramp output */						\
	v.Out = _IQmpy(v.Angle,v.Gain) + v.Offset;		\
/* Saturate the ramp output within (-1,1) */		\
	if (v.Out>_IQ(1.0))								\
		v.Out -= _IQ(1.0);							\
	else if (v.Out<_IQ(-1.0))						\
		v.Out += _IQ(1.0);

#endif // __RAMPGEN_H__







Appendix A/math_blocks/v4.0/rmp2cntl.h

/* =================================================================================
File name:        RMP2CNTL.H  
===================================================================================*/


#ifndef __RMP2_CNTL_H__
#define __RMP2_CNTL_H__

typedef struct { int16 DesiredInput; 	// Input: Desired ramp input (Q15) - independently with global Q
                 int16 Ramp2Max; 		// Parameter: Maximum limit (Q15) - independently with global Q
				 int16 Ramp2Min;		// Parameter: Minimum limit (Q15) - independently with global Q			
				 Uint32 Ramp2DelayCount; // Variable: Incremental delay (Q0) - independently with global Q	
				 Uint32 Ramp2Delay;		// Parameter: Ramp2 delay expressed in no of sampling period (Q0) - independently with global Q			
				 int16 Out;				// Output: Ramp2 output (Q15)
				 Uint16 EqualFlag;
		  	  	
				 } RMP2;

/*-----------------------------------------------------------------------------
Default initalizer for the RMP2 object.
-----------------------------------------------------------------------------*/                     
#define RMP2_DEFAULTS { 0, \
                        0x00007FFF, \
                        0x0000000F, \
                        0, \
                        50, \
                       	0, \
						0, \
             		   }

/*------------------------------------------------------------------------------
	 RMP2CNTL Macro Definitions
------------------------------------------------------------------------------*/


#define RC2_MACRO(v)							\
if (v.Out != v.DesiredInput)					\
{												\
	v.Ramp2DelayCount++;						\
	if (v.Ramp2DelayCount >= v.Ramp2Delay)		\
	{											\
		v.Ramp2DelayCount = 0;					\
		if (v.Out < v.DesiredInput)				\
		{  										\
			v.Out++;							\
			if (v.Out > v.Ramp2Max)				\
				v.Out = v.Ramp2Max;				\
		}										\
		else									\
		{ 										\
			v.Out--;							\
			if (v.Out < v.Ramp2Min)				\
				v.Out = v.Ramp2Min;				\
		}										\
	}											\
	v.EqualFlag = 0;							\
}												\
else											\
	v.EqualFlag = 1;


#endif // __RMP2_CNTL_H__







Appendix A/math_blocks/v4.0/rmp3cntl.h

/* =================================================================================
File name:        RMP3CNTL.H 
===================================================================================*/

#ifndef __RMP3_CNTL_H__
#define __RMP3_CNTL_H__

typedef struct { Uint32 DesiredInput; 		// Input: Desired ramp input (Q0) - independently with global Q
				 Uint32 Ramp3Delay;			// Parameter: Ramp3 delay expressed in no of sampling period (Q0) - independently with global Q		
		 	 	 Uint32 Ramp3DelayCount;	// Variable: Counter for rmp3 delay (Q0) - independently with global Q
				 int32 Out;					// Output: Ramp3 output (Q0) - independently with global Q
				 int32 Ramp3Min;	    	// Parameter: Minimum ramp output (Q0) - independently with global Q
				 Uint32 Ramp3DoneFlag;		// Output: Flag output (Q0) - independently with global Q
		  	  	 
				 } RMP3;	            


/*-----------------------------------------------------------------------------
Default initalizer for the RMP3 object.
-----------------------------------------------------------------------------*/                     
#define RMP3_DEFAULTS { 0, \
                        0, \
                        0, \
                        0, \
                        0x00000050, \
                       	0, \
             		  }


/*------------------------------------------------------------------------------
 RMP3CNTL Macro Definition
------------------------------------------------------------------------------*/

#define RC3_MACRO(v)								\
   if (v.Out == v.DesiredInput)						\
      v.Ramp3DoneFlag = 0x7FFFFFFF;					\
   else												\
    {												\
													\
      v.Ramp3DelayCount++;							\
													\
      if (v.Ramp3DelayCount >= v.Ramp3Delay)		\
      {												\
        v.Out--;									\
													\
        if (v.Out < v.Ramp3Min)						\
           v.Out = v.Ramp3Min;						\
													\
        v.Ramp3DelayCount = 0;						\
      }                          					\
 													\
    }

#endif // __RMP3_CNTL_H__








Appendix A/math_blocks/v4.0/rmp_cntl.h

/* =================================================================================
File name:        RMP_CNTL.H  
===================================================================================*/


#ifndef __RMP_CNTL_H__
#define __RMP_CNTL_H__

typedef struct { _iq    TargetValue; 	// Input: Target input (pu)
				 Uint32 RampDelayMax;	// Parameter: Maximum delay rate (Q0) - independently with global Q			
		 	 	 _iq    RampLowLimit;	// Parameter: Minimum limit (pu)				  
				 _iq    RampHighLimit;	// Parameter: Maximum limit (pu)
				 Uint32 RampDelayCount; // Variable: Incremental delay (Q0) - independently with global Q	
				 _iq    SetpointValue;	// Output: Target output (pu)				 
				 Uint32 EqualFlag;		// Output: Flag output (Q0) - independently with global Q
				 _iq	Tmp;			// Variable: Temp variable
		  	   } RMPCNTL;	            


/*-----------------------------------------------------------------------------
Default initalizer for the RMPCNTL object.
-----------------------------------------------------------------------------*/                     
#define RMPCNTL_DEFAULTS {  0, 		 \
                            5,		 \
                           _IQ(-1),  \
                           _IQ(1),   \
                            0,       \
                          	0,       \
                          	0,       \
                          	0,       \
                   		  }

/*------------------------------------------------------------------------------
 	RAMP Controller Macro Definition
------------------------------------------------------------------------------*/

#define RC_MACRO(v)																	\
	v.Tmp = v.TargetValue - v.SetpointValue;										\
/*  0.0000305 is resolution of Q15 */												\
if (_IQabs(v.Tmp) >= _IQ(0.0000305))				    							\
{																					\
	v.RampDelayCount++	;															\
		if (v.RampDelayCount >= v.RampDelayMax)										\
		{																			\
			if (v.TargetValue >= v.SetpointValue)									\
				v.SetpointValue += _IQ(0.0000305);									\
			else																	\
				v.SetpointValue -= _IQ(0.0000305);									\
																					\
			v.SetpointValue=_IQsat(v.SetpointValue,v.RampHighLimit,v.RampLowLimit);	\
			v.RampDelayCount = 0;													\
																					\
		}																			\
}																					\
else v.EqualFlag = 0x7FFFFFFF;

#endif // __RMP_CNTL_H__







Appendix A/math_blocks/v4.0/sin_cos_table.h

/* ==================================================================================
File name:       sin_cos_table.H

Description: This header file contains macro definition for a discrete sin/cos table.
			 sin and cos tables come from IQmathTables section which could be ROM
			 or RAM               
===================================================================================*/

#ifndef SINCOSTBL_H_
#define SINCOSTBL_H_

#include "IQmathLib.h"

/*-----------------------------------------------------------------------------
	Define the structure of the SINTBL Driver Object 
-----------------------------------------------------------------------------*/
typedef struct {
	    Uint16 AngleShift;	// Input: scale angle to modulo 512 (length of table) 
        Uint16 Angle;    	// Input: angle (Q2-Q9)
        _iq SinOut;    		// Output: Sin (GLOBAL_Q) 
        _iq CosOut;    		// Output: Cos (GLOBAL_Q)
        } SINCOSTBL ;    

/*-----------------------------------------------------------------------------
Default initalizer for the SINCOSTBL object.
-----------------------------------------------------------------------------*/                     
#define SINCOSTBL_DEFAULTS {  0, \
                          0, \
                          0, \
                          0	 \
              			  }

/*------------------------------------------------------------------------------
	SINCOSTBL Update Macro Definition
------------------------------------------------------------------------------*/

    /*symbols from IQmathTables section*/
	extern _iq IQsinTable[];
	extern _iq IQcosTable[];

    Uint16 Angle;
    
#define SINCOSTBL_MACRO(st)														\
																				\
	/* scale angle up to modulo 512 */											\
	Angle = (st.Angle << st.AngleShift) & 0x01FF;								\
																				\
	/* grab sin output from table */											\
	st.SinOut = _IQ30toIQ(IQsinTable[Angle]);									\
																				\
	/* grab cos output from table */											\
	st.CosOut = _IQ30toIQ(IQcosTable[Angle]);									\
  

#endif /*SINCOSTBL_H_*/







Appendix A/math_blocks/v4.0/smopos.h

/* =================================================================================
File name:       SMOPOS.H  
==================================================================================*/
#ifndef __SMOPOS_H__
#define __SMOPOS_H__


typedef struct {  _iq  Valpha;   	// Input: Stationary alfa-axis stator voltage 
                  _iq  Ealpha;   	// Variable: Stationary alfa-axis back EMF 
                  _iq  Zalpha;      // Output: Stationary alfa-axis sliding control 
                  _iq  Gsmopos;    	// Parameter: Motor dependent control gain 
                  _iq  EstIalpha;   // Variable: Estimated stationary alfa-axis stator current 
                  _iq  Fsmopos;    	// Parameter: Motor dependent plant matrix 
                  _iq  Vbeta;   	// Input: Stationary beta-axis stator voltage 
                  _iq  Ebeta;  		// Variable: Stationary beta-axis back EMF 
                  _iq  Zbeta;      	// Output: Stationary beta-axis sliding control 
                  _iq  EstIbeta;    // Variable: Estimated stationary beta-axis stator current 
                  _iq  Ialpha;  	// Input: Stationary alfa-axis stator current 
                  _iq  IalphaError; // Variable: Stationary alfa-axis current error                 
                  _iq  Kslide;     	// Parameter: Sliding control gain 
                  _iq  Ibeta;  		// Input: Stationary beta-axis stator current 
                  _iq  IbetaError;  // Variable: Stationary beta-axis current error                 
                  _iq  Kslf;       	// Parameter: Sliding control filter gain 
                  _iq  Theta;     	// Output: Compensated rotor angle
                  _iq  E0;			// Parameter: 0.5 	 
				 } SMOPOS;	            

/*-----------------------------------------------------------------------------
Default initalizer for the SMOPOS object.
-----------------------------------------------------------------------------*/                     
#define SMOPOS_DEFAULTS {  0,0,0,0,0,0,0,0,0,0,0, \
	                       0,0,0,0,0,0,_IQ(0.5)   \
              			}

/*------------------------------------------------------------------------------
Prototypes for the functions in SMOPOS.C
------------------------------------------------------------------------------*/

#define SMO_MACRO(v)																					\
																										\
    /*	Sliding mode current observer	*/																\
    v.EstIalpha = _IQmpy(v.Fsmopos,v.EstIalpha) + _IQmpy(v.Gsmopos,(v.Valpha-v.Ealpha-v.Zalpha));		\
    v.EstIbeta  = _IQmpy(v.Fsmopos,v.EstIbeta)  + _IQmpy(v.Gsmopos,(v.Vbeta -v.Ebeta -v.Zbeta ));		\
																										\
	/*	Current errors	*/																				\
    v.IalphaError = v.EstIalpha - v.Ialpha;																\
    v.IbetaError  = v.EstIbeta  - v.Ibeta;																\
    																									\
	/*  Sliding control calculator	*/																	\
	/* v.Zalpha=v.IalphaError*v.Kslide/v.E0) where E0=0.5 here*/										\
	v.Zalpha = _IQmpy(_IQsat(v.IalphaError,v.E0,-v.E0),_IQmpy2(v.Kslide));								\
	v.Zbeta  = _IQmpy(_IQsat(v.IbetaError ,v.E0,-v.E0),_IQmpy2(v.Kslide));								\
																										\
	/*	Sliding control filter -> back EMF calculator	*/												\
    v.Ealpha = v.Ealpha + _IQmpy(v.Kslf,(v.Zalpha-v.Ealpha));											\
    v.Ebeta  = v.Ebeta  + _IQmpy(v.Kslf,(v.Zbeta -v.Ebeta));											\
																										\
	/*	Rotor angle calculator -> Theta = atan(-Ealpha,Ebeta)	*/										\
	v.Theta = _IQatan2PU(-v.Ealpha,v.Ebeta); 

#endif



	/* Extended version of sliding control calculator 
    if (_IQabs(v.IalphaError) < E0)
       v.Zalpha = _IQmpy(v.Kslide,_IQdiv(v.IalphaError,E0));  
    else if (v.IalphaError >= E0) 
       v.Zalpha = v.Kslide;
    else if (v.IalphaError <= -E0) 
       v.Zalpha = -v.Kslide;

    if (_IQabs(v.IbetaError) < E0)
       v.Zbeta = _IQmpy(v.Kslide,_IQdiv(v.IbetaError,E0));  
    else if (v.IbetaError >= E0) 
       v.Zbeta = v.Kslide;
    else if (v.IbetaError <= -E0) 
       v.Zbeta = -v.Kslide;
*/








Appendix A/math_blocks/v4.0/smopos_const.h

/* =================================================================================
File name:       SMOPOS_CONST.H                     
===================================================================================*/
#ifndef __SMOPOS_CONST_H__
#define __SMOPOS_CONST_H__

typedef struct 	{ float32  Rs; 				// Input: Stator resistance (ohm) 
			      float32  Ls;				// Input: Stator inductance (H) 	  			      
				  float32  Ib; 				// Input: Base phase current (amp) 
				  float32  Vb;				// Input: Base phase voltage (volt) 
				  float32  Ts;				// Input: Sampling period in sec 
			      float32  Fsmopos;			// Output: constant using in observed current calculation 
			      float32  Gsmopos;			// Output: constant using in observed current calculation 
				  
				} SMOPOS_CONST;
																																																																																																																																																																																																								
/*-----------------------------------------------------------------------------
Default initalizer for the SMOPOS_CONST object.
-----------------------------------------------------------------------------*/                     
#define SMOPOS_CONST_DEFAULTS {0,0,0,0,0,0,0, \
                            }

/*------------------------------------------------------------------------------
Prototypes for the functions in SMOPOS_CONST.C
------------------------------------------------------------------------------*/

#define SMO_CONST_MACRO(v)								\
														\
	v.Fsmopos = exp((-v.Rs/v.Ls)*(v.Ts));				\
	v.Gsmopos = (v.Vb/v.Ib)*(1/v.Rs)*(1-v.Fsmopos);

#endif












Appendix A/math_blocks/v4.0/speed_est.h

/* =================================================================================
File name:        SPEED_EST.H  
===================================================================================*/


#ifndef __SPEED_EST_H__
#define __SPEED_EST_H__

typedef struct {
       _iq EstimatedTheta;  	// Input: Electrical angle (pu) 
       _iq OldEstimatedTheta;   // History: Electrical angle at previous step (pu)
       _iq EstimatedSpeed;      // Output: Estimated speed in per-unit  (pu)
       Uint32 BaseRpm;     		// Parameter: Base speed in rpm (Q0) - independently with global Q
       _iq21 K1;       			// Parameter: Constant for differentiator (Q21) - independently with global Q
       _iq K2;     				// Parameter: Constant for low-pass filter (pu)
       _iq K3;     				// Parameter: Constant for low-pass filter (pu)
       int32 EstimatedSpeedRpm; // Output : Estimated speed in rpm  (Q0) - independently with global Q
       _iq Temp;				// Variable : Temp variable
       } SPEED_ESTIMATION;  	// Data type created 


/*-----------------------------------------------------------------------------
Default initalizer for the SPEED_ESTIMATION object.
-----------------------------------------------------------------------------*/                     
#define SPEED_ESTIMATION_DEFAULTS   { 0, \
                                	  0, \
                                	  0, \
                                      0, \
                                      0, \
                                      0, \
                                      0, \
                                      0, \
                                      0, \
                                    }

#define SE_DIFF_MAX_LIMIT  	_IQ(0.85)
#define SE_DIFF_MIN_LIMIT  	_IQ(0.15)
/*------------------------------------------------------------------------------
 SPEED_EST Macro Definition
------------------------------------------------------------------------------*/


#define SE_MACRO(v)																	\
if ((v.EstimatedTheta < SE_DIFF_MAX_LIMIT)&(v.EstimatedTheta > SE_DIFF_MIN_LIMIT))	\
	v.Temp = _IQmpy(v.K1,(v.EstimatedTheta - v.OldEstimatedTheta));					\
/*  Q21 = Q21*(GLOBAL_Q-GLOBAL_Q) */												\
else v.Temp = _IQtoIQ21(v.EstimatedSpeed);											\
																					\
/* Low-pass filter */																\
/* Q21 = GLOBAL_Q*Q21 + GLOBAL_Q*Q21 */												\
	v.Temp = _IQmpy(v.K2,_IQtoIQ21(v.EstimatedSpeed))+_IQmpy(v.K3,v.Temp);			\
																					\
/* Saturate the output */															\
	v.Temp=_IQsat(v.Temp,_IQ21(1),_IQ21(-1));										\
	v.EstimatedSpeed = _IQ21toIQ(v.Temp);											\
																					\
/* Update the electrical angle */													\
	v.OldEstimatedTheta = v.EstimatedTheta;											\
																					\
/* Change motor speed from pu value to rpm value (GLOBAL_Q -> Q0)*/					\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q*/									\
	v.EstimatedSpeedRpm = _IQmpy(v.BaseRpm,v.EstimatedSpeed); 
#endif // __SPEED_EST_H__







Appendix A/math_blocks/v4.0/speed_fr.h

/* =================================================================================
File name:        SPEED_FR.H  
===================================================================================*/


#ifndef __SPEED_FR_H__
#define __SPEED_FR_H__

typedef struct {
       _iq ElecTheta;  		// Input: Electrical angle (pu) 
       Uint32 DirectionQep; // Variable: Direction of rotation (Q0) - independently with global Q
       _iq OldElecTheta;   	// History: Electrical angle at previous step (pu)
       _iq Speed;       	// Output: Speed in per-unit  (pu)
       Uint32 BaseRpm;      // Parameter: Base speed in rpm (Q0) - independently with global Q
       _iq21 K1;         	// Parameter: Constant for differentiator (Q21) - independently with global Q
       _iq K2;         		// Parameter: Constant for low-pass filter (pu)
       _iq K3;         		// Parameter: Constant for low-pass filter (pu)
       int32 SpeedRpm;      // Output : Speed in rpm  (Q0) - independently with global Q
       _iq Tmp;				//Variable: Temp variable
       } SPEED_MEAS_QEP;   	// Data type created

/*-----------------------------------------------------------------------------
Default initalizer for the SPEED_MEAS_QEP object.
-----------------------------------------------------------------------------*/                     
#define SPEED_MEAS_QEP_DEFAULTS   { 0, \
                                    1, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                               	  }	

/*------------------------------------------------------------------------------
 SPEED_FR Macro Definition
------------------------------------------------------------------------------*/


#define SPEED_FR_MACRO(v)											\
/* Differentiator*/													\
/* Synchronous speed computation   */								\
   if ((v.ElecTheta < _IQ(0.9))&(v.ElecTheta > _IQ(0.1)))			\
/* Q21 = Q21*(GLOBAL_Q-GLOBAL_Q)*/									\
		v.Tmp = _IQmpy(v.K1,(v.ElecTheta - v.OldElecTheta));		\
   else v.Tmp = _IQtoIQ21(v.Speed);									\
/* Low-pass filter*/												\
/* Q21 = GLOBAL_Q*Q21 + GLOBAL_Q*Q21*/								\
   	v.Tmp = _IQmpy(v.K2,_IQtoIQ21(v.Speed))+_IQmpy(v.K3,v.Tmp);		\
/* Saturate the output */											\
	v.Tmp=_IQsat(v.Tmp,_IQ21(1),_IQ21(-1));							\
	v.Speed = _IQ21toIQ(v.Tmp);										\
/* Update the electrical angle */									\
    v.OldElecTheta = v.ElecTheta;									\
/* Change motor speed from pu value to rpm value (GLOBAL_Q -> Q0)*/	\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q*/					\
    v.SpeedRpm = _IQmpy(v.BaseRpm,v.Speed);

#endif // __SPEED_FR_H__







Appendix A/math_blocks/v4.0/speed_pr.h

/* =================================================================================
File name:        SPEED_PR.H  
===================================================================================*/


#ifndef __SPEED_PR_H__
#define __SPEED_PR_H__

typedef struct {
       Uint32 NewTimeStamp;  	// Variable : New 'Timestamp' corresponding to a capture event (Q0) - independently with global Q 
       Uint32 OldTimeStamp;  	// Variable : Old 'Timestamp' corresponding to a capture event (Q0) - independently with global Q 
       Uint32 TimeStamp; 	   	// Input : Current 'Timestamp' corresponding to a capture event (Q0) - independently with global Q 
       Uint32 SpeedScaler;    	// Parameter :  Scaler converting 1/N cycles to a GLOBAL_Q speed (Q0) - independently with global Q
       int32 EventPeriod;    	// Input/Variable :  Event Period (Q0) - independently with global Q
       int16 InputSelect;       // Input : Input selection between TimeStamp (InputSelect=0) and EventPeriod (InputSelect=1)
       _iq Speed;             	// Output :  speed in per-unit
       Uint32 BaseRpm;         	// Parameter : Scaler converting GLOBAL_Q speed to rpm (Q0) speed - independently with global Q
       int32 SpeedRpm;        	// Output : speed in r.p.m. (Q0) - independently with global Q
       _iq Revolutions;
       } SPEED_MEAS_CAP;       	// Data type created


/*-----------------------------------------------------------------------------
Default initalizer for the SPEED_MEAS_CAP object.
-----------------------------------------------------------------------------*/                     

#define SPEED_MEAS_CAP_DEFAULTS   { 0, \
                                    0, \
                                    0, \
                                   260, \
                                    0, \
                                    0, \
                                    0, \
                                   1800, \
                                    0, \
									0, \
                                  }

/*------------------------------------------------------------------------------
	SPEED_PR Macro Definition
------------------------------------------------------------------------------*/

#define SPEED_PR_MACRO(v)										\
   if (v.InputSelect == 0)										\
   {															\
     v.OldTimeStamp = v.NewTimeStamp;							\
     v.NewTimeStamp = v.TimeStamp;								\
     v.EventPeriod = v.NewTimeStamp - v.OldTimeStamp;			\
																\
      	if (v.EventPeriod < 0)									\
  	    	v.EventPeriod += 32767;   /* 0x7FFF = 32767*/		\
    }															\
																\
     v.Speed = _IQdiv(v.SpeedScaler,v.EventPeriod);				\
     if(v.EventPeriod>0)										\
     	 v.Revolutions += _IQmpy(v.Speed,_IQ(60*v.EventPeriod/40000));	\
      															\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q*/				\
   v.SpeedRpm = _IQmpy(v.BaseRpm,v.Speed);						\

#endif // __SPEED_PR_H__







Appendix A/math_blocks/v4.0/svgen.h

/* =================================================================================
File name:       SVGEN.H  
===================================================================================*/


#ifndef __SVGEN_H__
#define __SVGEN_H__

typedef struct 	{ _iq  Ualpha; 			// Input: reference alpha-axis phase voltage 
				  _iq  Ubeta;			// Input: reference beta-axis phase voltage 
				  _iq  Ta;				// Output: reference phase-a switching function		
				  _iq  Tb;				// Output: reference phase-b switching function 
				  _iq  Tc;				// Output: reference phase-c switching function
				  _iq  tmp1;			// Variable: temp variable
				  _iq  tmp2;			// Variable: temp variable
				  _iq  tmp3;			// Variable: temp variable
				  Uint16 VecSector;		// Space vector sector
				} SVGEN;
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																				

/*-----------------------------------------------------------------------------
Default initalizer for the SVGEN object.
-----------------------------------------------------------------------------*/                     
#define SVGEN_DEFAULTS { 0,0,0,0,0 }                       

/*------------------------------------------------------------------------------
	Space Vector  Generator (SVGEN) Macro Definition
------------------------------------------------------------------------------*/


#define SVGENDQ_MACRO(v)														\
	v.tmp1= v.Ubeta;															\
	v.tmp2= _IQdiv2(v.Ubeta) + (_IQmpy(_IQ(0.866),v.Ualpha));					\
    v.tmp3= v.tmp2 - v.tmp1;													\
																				\
	v.VecSector=3;																\
	v.VecSector=(v.tmp2> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp3> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp1< 0)?(7-v.VecSector) :v.VecSector;						\
																				\
	if     (v.VecSector==1 || v.VecSector==4)                                   \
      {     v.Ta= v.tmp2; 														\
      		v.Tb= v.tmp1-v.tmp3; 												\
      		v.Tc=-v.tmp2;														\
      }								    										\
   																				\
    else if(v.VecSector==2 || v.VecSector==5)                                   \
      {     v.Ta= v.tmp3+v.tmp2; 												\
      		v.Tb= v.tmp1; 														\
      		v.Tc=-v.tmp1;														\
      }																	   		\
   																				\
    else                                                                        \
      {     v.Ta= v.tmp3; 														\
      		v.Tb=-v.tmp3; 														\
      		v.Tc=-(v.tmp1+v.tmp2);												\
      }																	   		\
																				\

#endif // __SVGEN_H__







Appendix A/math_blocks/v4.0/svgen_comm.h

/* =================================================================================
File name:       SVGEN_COMM.H  
===================================================================================*/

#ifndef __SVGEN_COMM_H__
#define __SVGEN_COMM_H__



typedef struct 	{ _iq  Ualpha; 			// Input: reference alpha-axis phase voltage 
				  _iq  Ubeta;			// Input: reference beta-axis phase voltage 
				  _iq  Ta;				// Output: reference phase-a switching function		
				  _iq  Tb;				// Output: reference phase-b switching function 
				  _iq  Tc;				// Output: reference phase-c switching function
				  _iq  Va;				// Variable: reference phase-a voltage 		
				  _iq  Vb;				// Variable: reference phase-b voltage
				  _iq  Vc;				// Variable: reference phase-c voltage
				  _iq  Vmax;			// Variable: max phase
				  _iq  Vmin;			// Variable: min phase
				  _iq  Vcomm;			// Variable: common mode voltage
				  _iq  tmp1;			// Variable: temp variable
				  _iq  tmp2;			// Variable: temp variable
				} SVGENCOMM;
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																				

/*-----------------------------------------------------------------------------
Default initalizer for the SVGENCOMM object.
-----------------------------------------------------------------------------*/                     
#define SVGENCOMM_DEFAULTS { 0,0,0,0,0,0,0,0,0,0,0,0,0 }                       

/*------------------------------------------------------------------------------
	Space Vector Generator (Common Mode) Macro Definition
------------------------------------------------------------------------------*/

#define SVGENCOMM_MACRO(v)														\
																				\
	v.tmp1=_IQdiv2(v.Ualpha); 					/*divide by 2*/					\
	v.tmp2=_IQmpy(_IQ(0.8660254),v.Ubeta);		/* 0.8660254 = sqrt(3)/2*/		\
																				\
	v.Va = v.Ualpha;							/*Inv Clarke*/					\
	v.Vb = -v.tmp1 + v.tmp2;													\
	v.Vc = -v.tmp1 - v.tmp2;													\
																				\
	if (v.Va>v.Vb) {v.Vmax=v.Va; v.Vmin=v.Vb;}	/*Find max and min phase*/		\
	else 	   	   {v.Vmax=v.Vb; v.Vmin=v.Va;}									\
	if (v.Vc>v.Vmax) v.Vmax=v.Vc;												\
	if (v.Vc<v.Vmin) v.Vmin=v.Vc;												\
																				\
	v.Vcomm = _IQdiv2(v.Vmax+v.Vmin);			/*Calculate common mode*/		\
																				\
	v.Ta = v.Va-v.Vcomm;														\
	v.Tb = v.Vb-v.Vcomm;														\
	v.Tc = v.Vc-v.Vcomm;														\
	

#endif // __SVGEN_COMM_H__







Appendix A/math_blocks/v4.0/svgen_dpwm.h

/* =================================================================================
File name:       SVGENDPWM.H  
===================================================================================*/


#ifndef __SVGENDPWM_H__
#define __SVGENDPWM_H__

typedef struct 	{ _iq  Ualpha; 			// Input: reference alpha-axis phase voltage 
				  _iq  Ubeta;			// Input: reference beta-axis phase voltage 
				  _iq  Ta;				// Output: reference phase-a switching function		
				  _iq  Tb;				// Output: reference phase-b switching function 
				  _iq  Tc;				// Output: reference phase-c switching function
				  _iq  tmp1;			// Variable: temp variable
				  _iq  tmp2;			// Variable: temp variable
				  _iq  tmp3;			// Variable: temp variable
				  Uint16 VecSector;		// Space vector sector
				} SVGENDPWM;
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																				

/*-----------------------------------------------------------------------------
Default initalizer for the SVGENDPWM object.
-----------------------------------------------------------------------------*/                     
#define SVGENDPWM_DEFAULTS { 0,0,0,0,0 }                       

/*------------------------------------------------------------------------------
Space Vector  Generator for Discontinuous PWM (SVGENDPWM) Macro Definition
------------------------------------------------------------------------------*/


#define SVGENDPWM_MACRO(v)														\
																				\
	v.tmp1= v.Ubeta;															\
	v.tmp2= _IQdiv2(v.Ubeta) + (_IQmpy(_IQ(0.866),v.Ualpha));					\
    v.tmp3= v.tmp2 - v.tmp1;													\
																				\
	v.VecSector=3;																\
	v.VecSector=(v.tmp2> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp3> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp1< 0)?(7-v.VecSector) :v.VecSector;						\
																				\
	if     (v.VecSector==1 || v.VecSector==6)									\
		{																			\
			v.Ta= 0; 																\
			v.Tb= v.tmp3; 															\
			v.Tc= v.tmp2 ;															\
		}																			\
	else if(v.VecSector==2 || v.VecSector==3)									\
		{																			\
			v.Ta= -v.tmp3; 															\
			v.Tb= 0; 																\
			v.Tc= v.tmp1;															\
		}																			\
	else 																		\
		{																			\
			v.Ta= -v.tmp2; 															\
			v.Tb= -v.tmp1; 															\
			v.Tc= 0;																\
		}																			\
																				\
	v.Ta= _IQmpy2(v.Ta)-_IQ(1.0);												\
	v.Tb= _IQmpy2(v.Tb)-_IQ(1.0);												\
	v.Tc= _IQmpy2(v.Tc)-_IQ(1.0);												\
	
//  v.Tx is converted from (0,1) range to (-1,1) for PWM macro   
	
#endif // __SVGENDPWM_H__







Appendix A/math_blocks/v4.0/svgen_mf.h

/* =================================================================================
File name:       SVGEN_MF.H  
===================================================================================*/

#ifndef __SVGEN_MF_H__
#define __SVGEN_MF_H__

typedef struct 	{ _iq  Gain; 				// Input: reference gain voltage (pu) 
				  _iq  Offset;				// Input: reference offset voltage (pu)
				  _iq  Freq;				// Input: reference frequency (pu)
                  _iq  FreqMax;  			// Parameter: Maximum step angle = 6*base_freq*T (pu)
                  _iq  Alpha;     			// History: Sector angle (pu)
                  _iq  NewEntry;    		// History: Sine (angular) look-up pointer (pu)
                  Uint32  SectorPointer;   	// History: Sector number (Q0) - independently with global Q
				  _iq  Ta;					// Output: reference phase-a switching function (pu)		
				  _iq  Tb;					// Output: reference phase-b switching function (pu)
				  _iq  Tc;					// Output: reference phase-c switching function (pu)
				  _iq  StepAngle;			// Variable
				  _iq  EntryOld;				// Variable
				  _iq  dx;					// Variable
				  _iq  dy;					// Variable
				  
				} SVGENMF;

/*-----------------------------------------------------------------------------
Default initalizer for the SVGENMF object.
-----------------------------------------------------------------------------*/                     
#define SVGENMF_DEFAULTS { 0,0,0,0,0,0,0,0,0,0,0,0,0,0 }

/*------------------------------------------------------------------------------
	 SVGENMF Macro Definitions
------------------------------------------------------------------------------*/
		
#define	PI_THIRD	_IQ(1.04719755119660)    /* This is 60 degree */

#define SVGENMF_MACRO(v)																			\
	/* Normalise the freq input to appropriate step angle	*/										\
    	/* Here, 1 pu. = 60 degree			*/														\
    	v.StepAngle = _IQmpy(v.Freq,v.FreqMax);														\
	/* Calculate new angle alpha			*/														\
    	v.EntryOld = v.NewEntry;																	\
    	v.Alpha = v.Alpha + v.StepAngle;															\
	if (v.Alpha >= _IQ(1.0))																		\
		v.Alpha = v.Alpha-_IQ(1.0); 																\
	v.NewEntry = v.Alpha;																			\
        v.dy = _IQsin(_IQmpy(v.NewEntry,PI_THIRD));              /* v.dy = sin(NewEntry)	*/		\
    	v.dx = _IQsin(PI_THIRD-_IQmpy(v.NewEntry,PI_THIRD));     /* v.dx = sin(60-NewEntry)	*/		\
  	/* Determine which sector			*/															\
    	if (v.NewEntry-v.EntryOld<0)																\
    	{																							\
      		if (v.SectorPointer==5)																	\
         		v.SectorPointer = 0;																\
      		else																					\
         		v.SectorPointer = v.SectorPointer + 1; 												\
    	}																							\
 	if (v.SectorPointer==0)  /* Sector 1 calculations - a,b,c -. a,b,c*/							\
    	{																							\
		v.Ta = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tb = v.Ta + v.dx;																			\
		v.Tc = _IQ(1.0) - v.Ta; 																	\
    	}																							\
    	else if (v.SectorPointer==1)  /* Sector 2 calculations - a,b,c -. b,a,c  &  v.dx <-. v.dy*/	\
    	{																							\
		v.Tb = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Ta = v.Tb + v.dy;																			\
		v.Tc = _IQ(1.0) - v.Tb; 																	\
    	}																							\
    	else if (v.SectorPointer==2)  /* Sector 3 calculations - a,b,c -. b,c,a		*/				\
    	{																							\
		v.Tb = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tc = v.Tb + v.dx;																			\
	    	v.Ta = _IQ(1.0) - v.Tb; 																\
    	}																							\
    	else if (v.SectorPointer==3)  /* Sector 4 calculations - a,b,c -. c,b,a  &  v.dx <-. v.dy*/	\
    	{																							\
		v.Tc = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tb = v.Tc + v.dy;																			\
		v.Ta = _IQ(1.0) - v.Tc; 																	\
    	}																							\
    	else if (v.SectorPointer==4)  /* Sector 5 calculations - a,b,c -. c,a,b		*/				\
    	{																							\
		v.Tc = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Ta = v.Tc + v.dx;																			\
		v.Tb = _IQ(1.0) - v.Tc; 																	\
    	}																							\
    	else if (v.SectorPointer==5)  /* Sector 6 calculations - a,b,c -. a,c,b  &  v.dx <-. v.dy*/	\
    	{																							\
		v.Ta = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tc = v.Ta + v.dy;																			\
		v.Tb = _IQ(1.0) - v.Ta; 																	\
    	}																							\
/* Convert the unsigned GLOBAL_Q format (ranged (0,1)) . signed GLOBAL_Q format (ranged (-1,1))	*/	\
/* Then, multiply with a gain and add an offset.						*/							\
    	v.Ta = (v.Ta-_IQ(0.5))<<1;																	\
    	v.Ta = _IQmpy(v.Gain,v.Ta) + v.Offset;														\
																									\
 	v.Tb = (v.Tb-_IQ(0.5))<<1;																		\
    	v.Tb = _IQmpy(v.Gain,v.Tb) + v.Offset;														\
																									\
    	v.Tc = (v.Tc-_IQ(0.5))<<1;																	\
    	v.Tc = _IQmpy(v.Gain,v.Tc) + v.Offset;														\

#endif // __SVGEN_MF_H__







Appendix A/math_blocks/v4.0/vhzprof.h

/* =================================================================================
File name:       VHZ_PROF.H  
===================================================================================*/


#ifndef __VHZ_PROF_H__
#define __VHZ_PROF_H__

typedef struct 	{ _iq  Freq; 		    // Input: Input Frequency (pu)
				_iq  VoltOut;			// Output: Output voltage (pu)
				_iq  LowFreq;			// Parameter: Low Frequency (pu)			
				_iq  HighFreq;			// Parameter: High Frequency at rated voltage (pu)
				_iq  FreqMax; 			// Parameter: Maximum Frequency (pu)
				_iq  VoltMax;			// Parameter: Rated voltage (pu)					  
			    _iq  VoltMin;	 		// Parameter: Voltage at low Frequency range (pu)
			    _iq  VfSlope;			// Variable
			    _iq  AbsFreq;			// Variable
		  	  	  
				} VHZPROF;	                   


/*-----------------------------------------------------------------------------
Default initalizer for the VHZPROF object.
-----------------------------------------------------------------------------*/                     
#define VHZPROF_DEFAULTS { 0,0, 		\
                           0,0,0,0,0, 	\
                  		 }

/*------------------------------------------------------------------------------
	 VHZ_PROF Macro Definitions
------------------------------------------------------------------------------*/


#define VHZ_PROF_MACRO(v)															\
/* Take absolute frequency to allow the operation of both rotational directions	*/	\
    v.AbsFreq = labs(v.Freq);														\
	if (v.AbsFreq <= v.LowFreq)   													\
	        /* Compute output voltage in profile #1	*/								\
        	v.VoltOut = v.VoltMin;													\
	else if ((v.AbsFreq > v.LowFreq)&&(v.AbsFreq <= v.HighFreq))      				\
       {																			\
        	/* Compute slope of V/f profile	*/										\
        	v.VfSlope = _IQdiv((v.VoltMax - v.VoltMin),(v.HighFreq - v.LowFreq));	\
        	/* Compute output voltage in profile #2	*/								\
        	v.VoltOut = v.VoltMin + _IQmpy(v.VfSlope,(v.AbsFreq-v.LowFreq));		\
       }																			\
    else if ((v.AbsFreq > v.HighFreq)&&(v.AbsFreq < v.FreqMax))      				\
        	/* Compute output voltage in profile #3	*/								\
        	v.VoltOut = v.VoltMax;


#endif  // __VHZ_PROF_H__







Appendix A/math_blocks/v4.0/volt_calc.h

/* =================================================================================
File name:        VOLT_CAL.H 
===================================================================================*/


#ifndef __VOLT_CAL_H__
#define __VOLT_CAL_H__

typedef struct 	{ _iq  DcBusVolt;		// Input: DC-bus voltage (pu)
			  	  _iq  MfuncV1;  		// Input: Modulation voltage phase A (pu)
		  	  	  _iq  MfuncV2;			// Input: Modulation voltage phase B (pu)	
		   	  	  _iq  MfuncV3;			// Input: Modulation voltage phase C (pu) 
                  Uint16  OutOfPhase; 	// Parameter: Out of Phase adjustment (0 or 1) (Q0) - independently with global Q
	  	  	  	  _iq  VphaseA;			// Output: Phase voltage phase A (pu)
		   	  	  _iq  VphaseB;			// Output: Phase voltage phase B (pu) 
		  	  	  _iq  VphaseC;			// Output: Phase voltage phase C (pu) 
		  	  	  _iq  Valpha;			// Output: Stationary d-axis phase voltage (pu)
		  	  	  _iq  Vbeta;  			// Output: Stationary q-axis phase voltage (pu)
		  	  	  _iq  temp;				// Variable: temp variable
		  	  	} PHASEVOLTAGE;	                   


/*
OutOfPhase = 1 for the out of phase correction if
* MfuncV1 is out of phase with PWM1,
* MfuncV2 is out of phase with PWM3,
* MfuncV3 is out of phase with PWM5,
otherwise, set 0 if their phases are correct.
*/

/*-----------------------------------------------------------------------------
Default initalizer for the PHASEVOLTAGE object.
-----------------------------------------------------------------------------*/                     
#define PHASEVOLTAGE_DEFAULTS { 0, \
                          		0, \
                          		0, \
                          		0, \
                          		1, \
                          		0, \
                          		0, \
                          		0, \
		         				0, \
 		          				0, \
                  				}

#define ONE_THIRD  _IQ(0.33333333333333)
#define TWO_THIRD  _IQ(0.66666666666667)
#define INV_SQRT3  _IQ(0.57735026918963)
/*------------------------------------------------------------------------------
 	Phase Voltage Calculation Macro Definition
------------------------------------------------------------------------------*/


#define PHASEVOLT_MACRO(v)														\
																				\
																				\
/* Scale the incomming Modulation functions with the DC bus voltage value*/		\
/* and calculate the 3 Phase voltages */										\
  v.temp 	  = _IQmpy(v.DcBusVolt,ONE_THIRD);									\
  v.VphaseA   = _IQmpy(v.temp,(_IQmpy2(v.MfuncV1)-v.MfuncV2-v.MfuncV3));		\
  v.VphaseB   = _IQmpy(v.temp,(_IQmpy2(v.MfuncV2)-v.MfuncV1-v.MfuncV3));		\
																				\
  if (v.OutOfPhase==0)															\
  {	  v.VphaseA=-v.VphaseA;														\
  	  v.VphaseB=-v.VphaseB;														\
  }	   																			\
/* Voltage transformation (a,b,c)  ->  (Alpha,Beta)	*/							\
  v.Valpha = v.VphaseA;															\
  v.Vbeta = _IQmpy((v.VphaseA + _IQmpy2(v.VphaseB)),INV_SQRT3);


#endif // __VOLT_CAL_H__

// Phase C (if needed)
// v.VphaseC   = _IQmpy(v.temp,(_IQmpy2(v.MfuncV3)-v.MfuncV2-v.MfuncV1));	\





























Appendix A/BLDC_Testing/DSP2803x_CpuTimers.c

// TI File $Revision: /main/1 $
// Checkin $Date: December 5, 2008   18:00:45 $
//###########################################################################
//
// FILE:	DSP2803x_CpuTimers.c
//
// TITLE:	CPU 32-bit Timers Initialization & Support Functions.
//
// NOTES:
//
//###########################################################################
// $TI Release: 2803x Header Files V1.01 $
// $Release Date: April 30, 2009 $
//###########################################################################

#include "DSP2803x_Device.h"     // Headerfile Include File
#include "DSP2803x_Examples.h"   // Examples Include File

struct CPUTIMER_VARS CpuTimer0;
struct CPUTIMER_VARS CpuTimer1;
struct CPUTIMER_VARS CpuTimer2;

//---------------------------------------------------------------------------
// InitCpuTimers:
//---------------------------------------------------------------------------
// This function initializes all three CPU timers to a known state.
//
void InitCpuTimers(void)
{
    // CPU Timer 0
	// Initialize address pointers to respective timer registers:
	CpuTimer0.RegsAddr = &CpuTimer0Regs;
	// Initialize timer period to maximum:
	CpuTimer0Regs.PRD.all  = 0xFFFFFFFF;
	// Initialize pre-scale counter to divide by 1 (SYSCLKOUT):
	CpuTimer0Regs.TPR.all  = 0;
	CpuTimer0Regs.TPRH.all = 0;
	// Make sure timer is stopped:
	CpuTimer0Regs.TCR.bit.TSS = 1;
	// Reload all counter register with period value:
	CpuTimer0Regs.TCR.bit.TRB = 1;
	// Reset interrupt counters:
	CpuTimer0.InterruptCount = 0;


// Initialize address pointers to respective timer registers:
	CpuTimer1.RegsAddr = &CpuTimer1Regs;
	CpuTimer2.RegsAddr = &CpuTimer2Regs;
	// Initialize timer period to maximum:
	CpuTimer1Regs.PRD.all  = 0xFFFFFFFF;
	CpuTimer2Regs.PRD.all  = 0xFFFFFFFF;
    // Initialize pre-scale counter to divide by 1 (SYSCLKOUT):
	CpuTimer1Regs.TPR.all  = 0;
	CpuTimer1Regs.TPRH.all = 0;
	CpuTimer2Regs.TPR.all  = 0;
	CpuTimer2Regs.TPRH.all = 0;
    // Make sure timers are stopped:
	CpuTimer1Regs.TCR.bit.TSS = 1;
	CpuTimer2Regs.TCR.bit.TSS = 1;
	// Reload all counter register with period value:
	CpuTimer1Regs.TCR.bit.TRB = 1;
	CpuTimer2Regs.TCR.bit.TRB = 1;
	// Reset interrupt counters:
	CpuTimer1.InterruptCount = 0;
	CpuTimer2.InterruptCount = 0;

}

//---------------------------------------------------------------------------
// ConfigCpuTimer:
//---------------------------------------------------------------------------
// This function initializes the selected timer to the period specified
// by the "Freq" and "Period" parameters. The "Freq" is entered as "MHz"
// and the period in "uSeconds". The timer is held in the stopped state
// after configuration.
//
void ConfigCpuTimer(struct CPUTIMER_VARS *Timer, float Freq, float Period)
{
	Uint32 	temp;

	// Initialize timer period:
	Timer->CPUFreqInMHz = Freq;
	Timer->PeriodInUSec = Period;
	temp = (long) (Freq * Period);
	Timer->RegsAddr->PRD.all = temp;

	// Set pre-scale counter to divide by 1 (SYSCLKOUT):
	Timer->RegsAddr->TPR.all  = 0;
	Timer->RegsAddr->TPRH.all  = 0;

	// Initialize timer control register:
	Timer->RegsAddr->TCR.bit.TSS = 1;      // 1 = Stop timer, 0 = Start/Restart Timer
	Timer->RegsAddr->TCR.bit.TRB = 1;      // 1 = reload timer
	Timer->RegsAddr->TCR.bit.SOFT = 1;
	Timer->RegsAddr->TCR.bit.FREE = 1;     // Timer Free Run Disabled
	Timer->RegsAddr->TCR.bit.TIE = 1;      // 0 = Disable/ 1 = Enable Timer Interrupt

	// Reset interrupt counter:
	Timer->InterruptCount = 0;
}

//===========================================================================
// End of file.
//===========================================================================







Appendix A/HVPM_Sensored/DSP2803x_GlobalVariableDefs.c

// TI File $Revision: /main/1 $
// Checkin $Date: December 5, 2008   18:05:12 $
//###########################################################################
//
// FILE:	DSP2803x_GlobalVariableDefs.c
//
// TITLE:	DSP2803x Global Variables and Data Section Pragmas.
//
//###########################################################################
// $TI Release: 2803x Internal Release 2 $
// $Release Date: November 11, 2008 $
//###########################################################################

#include "PeripheralHeaderIncludes.h"     // DSP2803x Headerfile Include File

//---------------------------------------------------------------------------
// Define Global Peripheral Variables:
//
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcRegsFile")
#else
#pragma DATA_SECTION(AdcRegs,"AdcRegsFile");
#endif
volatile struct ADC_REGS AdcRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcResultFile")
#else
#pragma DATA_SECTION(AdcResult,"AdcResultFile");
#endif
volatile struct ADC_RESULT_REGS AdcResult;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp1RegsFile")
#else
#pragma DATA_SECTION(Comp1Regs,"Comp1RegsFile");
#endif
volatile struct COMP_REGS Comp1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp2RegsFile")
#else
#pragma DATA_SECTION(Comp2Regs,"Comp2RegsFile");
#endif
volatile struct COMP_REGS Comp2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp3RegsFile")
#else
#pragma DATA_SECTION(Comp3Regs,"Comp3RegsFile");
#endif
volatile struct COMP_REGS Comp3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer0RegsFile")
#else
#pragma DATA_SECTION(CpuTimer0Regs,"CpuTimer0RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer0Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer1RegsFile")
#else
#pragma DATA_SECTION(CpuTimer1Regs,"CpuTimer1RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer2RegsFile")
#else
#pragma DATA_SECTION(CpuTimer2Regs,"CpuTimer2RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmPwlFile")
#else
#pragma DATA_SECTION(CsmPwl,"CsmPwlFile");
#endif
volatile struct CSM_PWL CsmPwl;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmRegsFile")
#else
#pragma DATA_SECTION(CsmRegs,"CsmRegsFile");
#endif
volatile struct CSM_REGS CsmRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("DevEmuRegsFile")
#else
#pragma DATA_SECTION(DevEmuRegs,"DevEmuRegsFile");
#endif
volatile struct DEV_EMU_REGS DevEmuRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaRegsFile")
#else
#pragma DATA_SECTION(ECanaRegs,"ECanaRegsFile");
#endif
volatile struct ECAN_REGS ECanaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMboxesFile")
#else
#pragma DATA_SECTION(ECanaMboxes,"ECanaMboxesFile");
#endif
volatile struct ECAN_MBOXES ECanaMboxes;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaLAMRegsFile")
#else
#pragma DATA_SECTION(ECanaLAMRegs,"ECanaLAMRegsFile");
#endif
volatile struct LAM_REGS ECanaLAMRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTSRegsFile")
#else
#pragma DATA_SECTION(ECanaMOTSRegs,"ECanaMOTSRegsFile");
#endif
volatile struct MOTS_REGS ECanaMOTSRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTORegsFile")
#else
#pragma DATA_SECTION(ECanaMOTORegs,"ECanaMOTORegsFile");
#endif
volatile struct MOTO_REGS ECanaMOTORegs;


//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Cla1RegsFile")
#else
#pragma DATA_SECTION(Cla1Regs,"Cla1RegsFile");
#endif
volatile struct CLA_REGS Cla1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm1RegsFile")
#else
#pragma DATA_SECTION(EPwm1Regs,"EPwm1RegsFile");
#endif
volatile struct EPWM_REGS EPwm1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm2RegsFile")
#else
#pragma DATA_SECTION(EPwm2Regs,"EPwm2RegsFile");
#endif
volatile struct EPWM_REGS EPwm2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm3RegsFile")
#else
#pragma DATA_SECTION(EPwm3Regs,"EPwm3RegsFile");
#endif
volatile struct EPWM_REGS EPwm3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm4RegsFile")
#else
#pragma DATA_SECTION(EPwm4Regs,"EPwm4RegsFile");
#endif
volatile struct EPWM_REGS EPwm4Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm5RegsFile")
#else
#pragma DATA_SECTION(EPwm5Regs,"EPwm5RegsFile");
#endif
volatile struct EPWM_REGS EPwm5Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm6RegsFile")
#else
#pragma DATA_SECTION(EPwm6Regs,"EPwm6RegsFile");
#endif
volatile struct EPWM_REGS EPwm6Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm7RegsFile")
#else
#pragma DATA_SECTION(EPwm7Regs,"EPwm7RegsFile");
#endif
volatile struct EPWM_REGS EPwm7Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECap1RegsFile")
#else
#pragma DATA_SECTION(ECap1Regs,"ECap1RegsFile");
#endif
volatile struct ECAP_REGS ECap1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EQep1RegsFile")
#else
#pragma DATA_SECTION(EQep1Regs,"EQep1RegsFile");
#endif
volatile struct EQEP_REGS EQep1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("LinaRegsFile")
#else
#pragma DATA_SECTION(LinaRegs,"LinaRegsFile");
#endif
volatile struct LIN_REGS LinaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioCtrlRegsFile")
#else
#pragma DATA_SECTION(GpioCtrlRegs,"GpioCtrlRegsFile");
#endif
volatile struct GPIO_CTRL_REGS GpioCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioDataRegsFile")
#else
#pragma DATA_SECTION(GpioDataRegs,"GpioDataRegsFile");
#endif
volatile struct GPIO_DATA_REGS GpioDataRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioIntRegsFile")
#else
#pragma DATA_SECTION(GpioIntRegs,"GpioIntRegsFile");
#endif
volatile struct GPIO_INT_REGS GpioIntRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("I2caRegsFile")
#else
#pragma DATA_SECTION(I2caRegs,"I2caRegsFile");
#endif
volatile struct I2C_REGS I2caRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("NmiIntruptRegsFile")
#else
#pragma DATA_SECTION(NmiIntruptRegs,"NmiIntruptRegsFile");
#endif
volatile struct NMIINTRUPT_REGS NmiIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PartIdRegsFile")
#else
#pragma DATA_SECTION(PartIdRegs,"PartIdRegsFile");
#endif
volatile struct PARTID_REGS PartIdRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieCtrlRegsFile")
#else
#pragma DATA_SECTION(PieCtrlRegs,"PieCtrlRegsFile");
#endif
volatile struct PIE_CTRL_REGS PieCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieVectTableFile")
#else
#pragma DATA_SECTION(PieVectTable,"PieVectTableFile");
#endif
struct PIE_VECT_TABLE PieVectTable;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SciaRegsFile")
#else
#pragma DATA_SECTION(SciaRegs,"SciaRegsFile");
#endif
volatile struct SCI_REGS SciaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpiaRegsFile")
#else
#pragma DATA_SECTION(SpiaRegs,"SpiaRegsFile");
#endif
volatile struct SPI_REGS SpiaRegs;
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpibRegsFile")
#else
#pragma DATA_SECTION(SpibRegs,"SpibRegsFile");
#endif
volatile struct SPI_REGS SpibRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SysCtrlRegsFile")
#else
#pragma DATA_SECTION(SysCtrlRegs,"SysCtrlRegsFile");
#endif
volatile struct SYS_CTRL_REGS SysCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashRegsFile")
#else
#pragma DATA_SECTION(FlashRegs,"FlashRegsFile");
#endif
volatile struct FLASH_REGS FlashRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("XIntruptRegsFile")
#else
#pragma DATA_SECTION(XIntruptRegs,"XIntruptRegsFile");
#endif
volatile struct XINTRUPT_REGS XIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuKeyVar");
#else
#pragma DATA_SECTION(EmuKey,"EmuKeyVar");
#endif
Uint16 EmuKey;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuBModeVar");
#else
#pragma DATA_SECTION(EmuBMode,"EmuBModeVar");
#endif
Uint16 EmuBMode;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashScalingVar");
#else
#pragma DATA_SECTION(Flash_CPUScaleFactor, "FlashScalingVar");
#endif
Uint32 Flash_CPUScaleFactor;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashCallbackVar");
#else
#pragma DATA_SECTION(Flash_CallbackPtr, "FlashCallbackVar");
#endif
void (*Flash_CallbackPtr) (void);


//===========================================================================
// End of file.
//===========================================================================








Appendix A/BLDC_Testing/DSP2803x_GlobalVariableDefs.c

// TI File $Revision: /main/1 $
// Checkin $Date: December 5, 2008   18:05:12 $
//###########################################################################
//
// FILE:	DSP2803x_GlobalVariableDefs.c
//
// TITLE:	DSP2803x Global Variables and Data Section Pragmas.
//
//###########################################################################
// $TI Release: 2803x Internal Release 2 $
// $Release Date: November 11, 2008 $
//###########################################################################

#include "PeripheralHeaderIncludes.h"     // DSP2803x Headerfile Include File

//---------------------------------------------------------------------------
// Define Global Peripheral Variables:
//
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcRegsFile")
#else
#pragma DATA_SECTION(AdcRegs,"AdcRegsFile");
#endif
volatile struct ADC_REGS AdcRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcResultFile")
#else
#pragma DATA_SECTION(AdcResult,"AdcResultFile");
#endif
volatile struct ADC_RESULT_REGS AdcResult;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp1RegsFile")
#else
#pragma DATA_SECTION(Comp1Regs,"Comp1RegsFile");
#endif
volatile struct COMP_REGS Comp1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp2RegsFile")
#else
#pragma DATA_SECTION(Comp2Regs,"Comp2RegsFile");
#endif
volatile struct COMP_REGS Comp2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp3RegsFile")
#else
#pragma DATA_SECTION(Comp3Regs,"Comp3RegsFile");
#endif
volatile struct COMP_REGS Comp3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer0RegsFile")
#else
#pragma DATA_SECTION(CpuTimer0Regs,"CpuTimer0RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer0Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer1RegsFile")
#else
#pragma DATA_SECTION(CpuTimer1Regs,"CpuTimer1RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer2RegsFile")
#else
#pragma DATA_SECTION(CpuTimer2Regs,"CpuTimer2RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmPwlFile")
#else
#pragma DATA_SECTION(CsmPwl,"CsmPwlFile");
#endif
volatile struct CSM_PWL CsmPwl;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmRegsFile")
#else
#pragma DATA_SECTION(CsmRegs,"CsmRegsFile");
#endif
volatile struct CSM_REGS CsmRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("DevEmuRegsFile")
#else
#pragma DATA_SECTION(DevEmuRegs,"DevEmuRegsFile");
#endif
volatile struct DEV_EMU_REGS DevEmuRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaRegsFile")
#else
#pragma DATA_SECTION(ECanaRegs,"ECanaRegsFile");
#endif
volatile struct ECAN_REGS ECanaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMboxesFile")
#else
#pragma DATA_SECTION(ECanaMboxes,"ECanaMboxesFile");
#endif
volatile struct ECAN_MBOXES ECanaMboxes;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaLAMRegsFile")
#else
#pragma DATA_SECTION(ECanaLAMRegs,"ECanaLAMRegsFile");
#endif
volatile struct LAM_REGS ECanaLAMRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTSRegsFile")
#else
#pragma DATA_SECTION(ECanaMOTSRegs,"ECanaMOTSRegsFile");
#endif
volatile struct MOTS_REGS ECanaMOTSRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTORegsFile")
#else
#pragma DATA_SECTION(ECanaMOTORegs,"ECanaMOTORegsFile");
#endif
volatile struct MOTO_REGS ECanaMOTORegs;


//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Cla1RegsFile")
#else
#pragma DATA_SECTION(Cla1Regs,"Cla1RegsFile");
#endif
volatile struct CLA_REGS Cla1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm1RegsFile")
#else
#pragma DATA_SECTION(EPwm1Regs,"EPwm1RegsFile");
#endif
volatile struct EPWM_REGS EPwm1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm2RegsFile")
#else
#pragma DATA_SECTION(EPwm2Regs,"EPwm2RegsFile");
#endif
volatile struct EPWM_REGS EPwm2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm3RegsFile")
#else
#pragma DATA_SECTION(EPwm3Regs,"EPwm3RegsFile");
#endif
volatile struct EPWM_REGS EPwm3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm4RegsFile")
#else
#pragma DATA_SECTION(EPwm4Regs,"EPwm4RegsFile");
#endif
volatile struct EPWM_REGS EPwm4Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm5RegsFile")
#else
#pragma DATA_SECTION(EPwm5Regs,"EPwm5RegsFile");
#endif
volatile struct EPWM_REGS EPwm5Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm6RegsFile")
#else
#pragma DATA_SECTION(EPwm6Regs,"EPwm6RegsFile");
#endif
volatile struct EPWM_REGS EPwm6Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm7RegsFile")
#else
#pragma DATA_SECTION(EPwm7Regs,"EPwm7RegsFile");
#endif
volatile struct EPWM_REGS EPwm7Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECap1RegsFile")
#else
#pragma DATA_SECTION(ECap1Regs,"ECap1RegsFile");
#endif
volatile struct ECAP_REGS ECap1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EQep1RegsFile")
#else
#pragma DATA_SECTION(EQep1Regs,"EQep1RegsFile");
#endif
volatile struct EQEP_REGS EQep1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("LinaRegsFile")
#else
#pragma DATA_SECTION(LinaRegs,"LinaRegsFile");
#endif
volatile struct LIN_REGS LinaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioCtrlRegsFile")
#else
#pragma DATA_SECTION(GpioCtrlRegs,"GpioCtrlRegsFile");
#endif
volatile struct GPIO_CTRL_REGS GpioCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioDataRegsFile")
#else
#pragma DATA_SECTION(GpioDataRegs,"GpioDataRegsFile");
#endif
volatile struct GPIO_DATA_REGS GpioDataRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioIntRegsFile")
#else
#pragma DATA_SECTION(GpioIntRegs,"GpioIntRegsFile");
#endif
volatile struct GPIO_INT_REGS GpioIntRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("I2caRegsFile")
#else
#pragma DATA_SECTION(I2caRegs,"I2caRegsFile");
#endif
volatile struct I2C_REGS I2caRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("NmiIntruptRegsFile")
#else
#pragma DATA_SECTION(NmiIntruptRegs,"NmiIntruptRegsFile");
#endif
volatile struct NMIINTRUPT_REGS NmiIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PartIdRegsFile")
#else
#pragma DATA_SECTION(PartIdRegs,"PartIdRegsFile");
#endif
volatile struct PARTID_REGS PartIdRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieCtrlRegsFile")
#else
#pragma DATA_SECTION(PieCtrlRegs,"PieCtrlRegsFile");
#endif
volatile struct PIE_CTRL_REGS PieCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieVectTableFile")
#else
#pragma DATA_SECTION(PieVectTable,"PieVectTableFile");
#endif
struct PIE_VECT_TABLE PieVectTable;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SciaRegsFile")
#else
#pragma DATA_SECTION(SciaRegs,"SciaRegsFile");
#endif
volatile struct SCI_REGS SciaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpiaRegsFile")
#else
#pragma DATA_SECTION(SpiaRegs,"SpiaRegsFile");
#endif
volatile struct SPI_REGS SpiaRegs;
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpibRegsFile")
#else
#pragma DATA_SECTION(SpibRegs,"SpibRegsFile");
#endif
volatile struct SPI_REGS SpibRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SysCtrlRegsFile")
#else
#pragma DATA_SECTION(SysCtrlRegs,"SysCtrlRegsFile");
#endif
volatile struct SYS_CTRL_REGS SysCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashRegsFile")
#else
#pragma DATA_SECTION(FlashRegs,"FlashRegsFile");
#endif
volatile struct FLASH_REGS FlashRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("XIntruptRegsFile")
#else
#pragma DATA_SECTION(XIntruptRegs,"XIntruptRegsFile");
#endif
volatile struct XINTRUPT_REGS XIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuKeyVar");
#else
#pragma DATA_SECTION(EmuKey,"EmuKeyVar");
#endif
Uint16 EmuKey;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuBModeVar");
#else
#pragma DATA_SECTION(EmuBMode,"EmuBModeVar");
#endif
Uint16 EmuBMode;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashScalingVar");
#else
#pragma DATA_SECTION(Flash_CPUScaleFactor, "FlashScalingVar");
#endif
Uint32 Flash_CPUScaleFactor;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashCallbackVar");
#else
#pragma DATA_SECTION(Flash_CallbackPtr, "FlashCallbackVar");
#endif
void (*Flash_CallbackPtr) (void);


//===========================================================================
// End of file.
//===========================================================================








Appendix A/BLDC_Testing/HVBLDC_Sensorless-DevInit_F2803x.c

//============================================================================
// FILE:	HVBLDC_Sensorless-DevInit_F2803x.c
// TITLE:	Device initialization for F2803x series
//============================================================================


/***************************
Note that the CLA is not used nor initialized in this project. Please download 
the Peripheral Files and Example Projects collection (SPRC832) and look at the 
cla_adc project for information on how to use and configure the CLA.
***************************/

#include "PeripheralHeaderIncludes.h"

// Functions that will be run from RAM need to be assigned to
// a different section.  This section will then be mapped to a load and
// run address using the linker cmd file.
#pragma CODE_SECTION(InitFlash, "ramfuncs");
#define Device_cal (void   (*)(void))0x3D7C80

void DeviceInit(void);
void PieCntlInit(void);
void PieVectTableInit(void);
void WDogDisable(void);
void PLLset(Uint16);
void ISR_ILLEGAL(void);

//--------------------------------------------------------------------
//  Configure Device for target Application Here
//--------------------------------------------------------------------
void DeviceInit(void)
{
	WDogDisable(); 	// Disable the watchdog initially
	DINT;			// Global Disable all Interrupts
	IER = 0x0000;	// Disable CPU interrupts
	IFR = 0x0000;	// Clear all CPU interrupt flags


// Switch to Internal Oscillator 1 and turn off all other clock
// sources to minimize power consumption
	EALLOW;
	SysCtrlRegs.CLKCTL.bit.INTOSC1OFF = 0;
    SysCtrlRegs.CLKCTL.bit.OSCCLKSRCSEL=0;  // Clk Src = INTOSC1
	SysCtrlRegs.CLKCTL.bit.XCLKINOFF=1;     // Turn off XCLKIN
	SysCtrlRegs.CLKCTL.bit.XTALOSCOFF=1;    // Turn off XTALOSC
	SysCtrlRegs.CLKCTL.bit.INTOSC2OFF=1;    // Turn off INTOSC2
    EDIS;


// SYSTEM CLOCK speed based on internal oscillator = 10 MHz
// 0xC =  60	MHz		(12)
// 0xB =  55	MHz		(11)
// 0xA =  50	MHz		(10)
// 0x9 =  45	MHz		(9)
// 0x8 =  40	MHz		(8)
// 0x7 =  35	MHz		(7)
// 0x6 =  30	MHz		(6)
// 0x5 =  25	MHz		(5)
// 0x4 =  20	MHz		(4)
// 0x3 =  15	MHz		(3)
// 0x2 =  10	MHz		(2)

	PLLset(0xC);	// choose from options above

// Initialise interrupt controller and Vector Table
// to defaults for now. Application ISR mapping done later.
	PieCntlInit();		
	PieVectTableInit();

   EALLOW; // below registers are "protected", allow access.

// LOW SPEED CLOCKS prescale register settings
   SysCtrlRegs.LOSPCP.all = 0x0002;		// Sysclk / 4 (15 MHz)
   SysCtrlRegs.XCLK.bit.XCLKOUTDIV=2;
      
      
// ADC CALIBRATION 
//---------------------------------------------------
// The Device_cal function, which copies the ADC & oscillator calibration values
// from TI reserved OTP into the appropriate trim registers, occurs automatically
// in the Boot ROM. If the boot ROM code is bypassed during the debug process, the
// following function MUST be called for the ADC and oscillators to function according
// to specification.

	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1; // Enable ADC peripheral clock
	(*Device_cal)();					  // Auto-calibrate from TI OTP
	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 0; // Return ADC clock to original state     

      	
// PERIPHERAL CLOCK ENABLES 
//---------------------------------------------------
// If you are not using a peripheral you may want to switch
// the clock off to save power, i.e. set to =0 
// 
// Note: not all peripherals are available on all 280x derivates.
// Refer to the datasheet for your particular device. 

   SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1;    // ADC
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.COMP1ENCLK = 1;	// COMP1
   SysCtrlRegs.PCLKCR3.bit.COMP2ENCLK = 1;	// COMP2
   SysCtrlRegs.PCLKCR3.bit.COMP3ENCLK = 1;  // COMP3
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.ECAP1ENCLK = 1;	//eCAP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.ECANAENCLK=0;   // eCAN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EQEP1ENCLK = 1;  // eQEP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EPWM1ENCLK = 1;  // ePWM1
   SysCtrlRegs.PCLKCR1.bit.EPWM2ENCLK = 1;  // ePWM2
   SysCtrlRegs.PCLKCR1.bit.EPWM3ENCLK = 1;  // ePWM3
   SysCtrlRegs.PCLKCR1.bit.EPWM4ENCLK = 1;  // ePWM4
   SysCtrlRegs.PCLKCR1.bit.EPWM5ENCLK = 1;	// ePWM5
   SysCtrlRegs.PCLKCR1.bit.EPWM6ENCLK = 1;	// ePWM6
   SysCtrlRegs.PCLKCR1.bit.EPWM7ENCLK = 1;	// ePWM7
   SysCtrlRegs.PCLKCR0.bit.HRPWMENCLK = 0;    // HRPWM
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.I2CAENCLK = 0;   // I2C
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.LINAENCLK = 0;   // LIN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.CLA1ENCLK = 0;   // CLA1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SCIAENCLK = 1;  	// SCI-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SPIAENCLK = 0;	// SPI-A
   SysCtrlRegs.PCLKCR0.bit.SPIBENCLK = 0;     // SPI-B
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.TBCLKSYNC = 1;   // Enable TBCLK
   //------------------------------------------------           

                               
//--------------------------------------------------------------------------------------
// GPIO (GENERAL PURPOSE I/O) CONFIG
//--------------------------------------------------------------------------------------
//-----------------------
// QUICK NOTES on USAGE:
//-----------------------
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 1, 2 or 3 (i.e. Non GPIO func), then leave
//	rest of lines commented
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 0 (i.e. GPIO func), then:
//	1) uncomment GpioCtrlRegs.GP?DIR.bit.GPIO? = ? and choose pin to be IN or OUT
//	2) If IN, can leave next to lines commented
//	3) If OUT, uncomment line with ..GPACLEAR.. to force pin LOW or
//			   uncomment line with ..GPASET.. to force pin HIGH or
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-00 - PIN FUNCTION = PWM1A
	GpioCtrlRegs.GPAMUX1.bit.GPIO0 = 1;		// 0=GPIO,  1=EPWM1A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO0 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO0 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO0 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-01 - PIN FUNCTION = PWM1B
	GpioCtrlRegs.GPAMUX1.bit.GPIO1 = 1;		// 0=GPIO,  1=EPWM1B,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO1 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO1 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO1 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-02 - PIN FUNCTION = PWM2A
	GpioCtrlRegs.GPAMUX1.bit.GPIO2 = 1;		// 0=GPIO,  1=EPWM2A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO2 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO2 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO2 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-03 - PIN FUNCTION = PWM2B
	GpioCtrlRegs.GPAMUX1.bit.GPIO3 = 1;		// 0=GPIO,  1=EPWM2B,  2=SPISOMI-A,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO3 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO3 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO3 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-04 - PIN FUNCTION = PWM3A
	GpioCtrlRegs.GPAMUX1.bit.GPIO4 = 1;		// 0=GPIO,  1=EPWM3A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO4 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO4 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO4 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-05 - PIN FUNCTION = PWM3B
	GpioCtrlRegs.GPAMUX1.bit.GPIO5 = 1;		// 0=GPIO,  1=EPWM3B,  2=SPISIMO-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO5 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO5 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO5 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-06 - PIN FUNCTION = PWM4A
	GpioCtrlRegs.GPAMUX1.bit.GPIO6 = 1;		// 0=GPIO,  1=EPWM4A,  2=SYNCI,  3=SYNCO
//	GpioCtrlRegs.GPADIR.bit.GPIO6 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO6 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO6 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-07 - PIN FUNCTION = PWM4B
	GpioCtrlRegs.GPAMUX1.bit.GPIO7 = 1;		// 0=GPIO,  1=EPWM4B,  2=SCIRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO7 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO7 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO7 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-08 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO8 = 1;		// 0=GPIO,  1=EPWM5A,  2=Resv,  3=ADCSOC-A
//	GpioCtrlRegs.GPADIR.bit.GPIO8 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO8 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO8 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-09 - PIN FUNCTION = Clear Fault
	GpioCtrlRegs.GPAMUX1.bit.GPIO9 = 0;		// 0=GPIO,  1=EPWM5B,  2=LINTX-A,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO9 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO9 = 1;	// uncomment if --> Set Low initially
	GpioDataRegs.GPASET.bit.GPIO9 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-10 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO10 = 1;	// 0=GPIO,  1=EPWM6A,  2=Resv,  3=ADCSOC-B
//	GpioCtrlRegs.GPADIR.bit.GPIO10 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO10 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO10 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-11 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO11 = 1;	// 0=GPIO,  1=EPWM6B,  2=LINRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO11 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO11 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO11 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-12 - PIN FUNCTION = TZ1
	GpioCtrlRegs.GPAMUX1.bit.GPIO12 = 1;	// 0=GPIO,  1=TZ1,  2=SCITX-A,  3=SPISIMO-B
//	GpioCtrlRegs.GPADIR.bit.GPIO12 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO12 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO12 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-13 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO13 = 0;	// 0=GPIO,  1=TZ2,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO13 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO13 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO13 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-14 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO14 = 0;	// 0=GPIO,  1=TZ3,  2=LINTX-A,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO14 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO14 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO14 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-15 - PIN FUNCTION = OCP
	GpioCtrlRegs.GPAMUX1.bit.GPIO15 = 0;	// 0=GPIO,  1=TZ1,  2=LINRX-A,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO15 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO15 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO15 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-16 - PIN FUNCTION = SPISIMO-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO16 = 1;	// 0=GPIO,  1=SPISIMO-A,  2=Resv,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO16 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO16 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO16 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-17 - PIN FUNCTION = SPISOMI-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO17 = 1;	// 0=GPIO,  1=SPISOMI-A,  2=Resv,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO17 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO17 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO17 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-18 - PIN FUNCTION = SPICLK-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO18 = 1;	// 0=GPIO,  1=SPICLK-A,  2=LINTX-A,  3=XCLKOUT
//	GpioCtrlRegs.GPADIR.bit.GPIO18 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO18 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO18 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-19 - PIN FUNCTION = SPISTE-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO19 = 1;	// 0=GPIO,  1=SPISTE-A,  2=LINRX-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO19 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO19 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO19 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-20 - PIN FUNCTION = EQEPA-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO20 = 1;	// 0=GPIO,  1=EQEPA-1,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO20 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO20 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO20 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-21 - PIN FUNCTION = EQEPB-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO21 = 1;	// 0=GPIO,  1=EQEPB-1,  2=Resv,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO21 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO21 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO21 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-22 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO22 = 0;	// 0=GPIO,  1=EQEPS-1,  2=Resv,  3=LINTX-A
	GpioCtrlRegs.GPADIR.bit.GPIO22 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO22 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO22 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-23 - PIN FUNCTION = EQEPI-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO23 = 1;	// 0=GPIO,  1=EQEPI-1,  2=Resv,  3=LINRX-A
//	GpioCtrlRegs.GPADIR.bit.GPIO23 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO23 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO23 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-24 - PIN FUNCTION = Hall1
	GpioCtrlRegs.GPAMUX2.bit.GPIO24 = 0;	// 0=GPIO,  1=ECAP1,  2=Resv,  3=SPISIMO-B
	GpioCtrlRegs.GPADIR.bit.GPIO24 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO24 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO24 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-25 - PIN FUNCTION = Hall2
	GpioCtrlRegs.GPAMUX2.bit.GPIO25 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO25 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO25 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO25 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-26 - PIN FUNCTION = Hall3
	GpioCtrlRegs.GPAMUX2.bit.GPIO26 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO26 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO26 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO26 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-27 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX2.bit.GPIO27 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO27 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO27 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO27 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-28 - PIN FUNCTION = SCI-RX
	GpioCtrlRegs.GPAMUX2.bit.GPIO28 = 1;	// 0=GPIO,  1=SCIRX-A,  2=I2CSDA-A,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO28 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO28 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO28 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-29 - PIN FUNCTION = SCI-TX
	GpioCtrlRegs.GPAMUX2.bit.GPIO29 = 1;	// 0=GPIO,  1=SCITXD-A,  2=I2CSCL-A,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO29 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO29 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO29 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-30 - PIN FUNCTION = CANRX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO30 = 1;	// 0=GPIO,  1=CANRX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO30 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO30 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO30 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-31 - PIN FUNCTION = CANTX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO31 = 1;	// 0=GPIO,  1=CANTX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO31 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO31 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO31 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-32 - PIN FUNCTION = I2CSDA-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO32 = 1;	// 0=GPIO,  1=I2CSDA-A,  2=SYNCI,  3=ADCSOCA
//	GpioCtrlRegs.GPBDIR.bit.GPIO32 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO32 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO32 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-33 - PIN FUNCTION = I2CSCL-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO33 = 1;	// 0=GPIO,  1=I2CSCL-A,  2=SYNCO,  3=ADCSOCB
//	GpioCtrlRegs.GPBDIR.bit.GPIO33 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO33 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO33 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-34 - PIN FUNCTION = LED3 on controlCARD
	GpioCtrlRegs.GPBMUX1.bit.GPIO34 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO34 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO34 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO34 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
// GPIO 35-38 are defaulted to JTAG usage, and are not shown here to enforce JTAG debug
// usage. 
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-39 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPBMUX1.bit.GPIO39 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO39 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO39 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO39 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-40 - PIN FUNCTION = EPWM7A
	GpioCtrlRegs.GPBMUX1.bit.GPIO40 = 1;	// 0=GPIO,  1=EPWM7A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO40 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO40 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO40 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-41 - PIN FUNCTION = EPWM7B
	GpioCtrlRegs.GPBMUX1.bit.GPIO41 = 1;	// 0=GPIO,  1=EPWM7B,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO41 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO41 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO41 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-42 - PIN FUNCTION = LED2
	GpioCtrlRegs.GPBMUX1.bit.GPIO42 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP1OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO42 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO42 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO42 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-43 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPBMUX1.bit.GPIO43 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP2OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO43 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO43 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO43 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-44 - PIN FUNCTION = LED1
	GpioCtrlRegs.GPBMUX1.bit.GPIO44 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO44 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO44 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO44 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
	EDIS;	// Disable register access
}



//============================================================================
// NOTE:
// IN MOST APPLICATIONS THE FUNCTIONS AFTER THIS POINT CAN BE LEFT UNCHANGED
// THE USER NEED NOT REALLY UNDERSTAND THE BELOW CODE TO SUCCESSFULLY RUN THIS
// APPLICATION.
//============================================================================

void WDogDisable(void)
{
    EALLOW;
    SysCtrlRegs.WDCR= 0x0068;
    EDIS;
}

// This function initializes the PLLCR register.
//void InitPll(Uint16 val, Uint16 clkindiv)
void PLLset(Uint16 val)
{
   volatile Uint16 iVol;

   // Make sure the PLL is not running in limp mode
   if (SysCtrlRegs.PLLSTS.bit.MCLKSTS != 0)
   {
	  EALLOW;
      // OSCCLKSRC1 failure detected. PLL running in limp mode.
      // Re-enable missing clock logic.
      SysCtrlRegs.PLLSTS.bit.MCLKCLR = 1;
      EDIS;
      // Replace this line with a call to an appropriate
      // SystemShutdown(); function.
      asm("        ESTOP0");     // Uncomment for debugging purposes
   }

   // DIVSEL MUST be 0 before PLLCR can be changed from
   // 0x0000. It is set to 0 by an external reset XRSn
   // This puts us in 1/4
   if (SysCtrlRegs.PLLSTS.bit.DIVSEL != 0)
   {
       EALLOW;
       SysCtrlRegs.PLLSTS.bit.DIVSEL = 0;
       EDIS;
   }

   // Change the PLLCR
   if (SysCtrlRegs.PLLCR.bit.DIV != val)
   {

      EALLOW;
      // Before setting PLLCR turn off missing clock detect logic
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 1;
      SysCtrlRegs.PLLCR.bit.DIV = val;
      EDIS;

      // Optional: Wait for PLL to lock.
      // During this time the CPU will switch to OSCCLK/2 until
      // the PLL is stable.  Once the PLL is stable the CPU will
      // switch to the new PLL value.
      //
      // This time-to-lock is monitored by a PLL lock counter.
      //
      // Code is not required to sit and wait for the PLL to lock.
      // However, if the code does anything that is timing critical,
      // and requires the correct clock be locked, then it is best to
      // wait until this switching has completed.

      // Wait for the PLL lock bit to be set.
      // The watchdog should be disabled before this loop, or fed within
      // the loop via ServiceDog().

	  // Uncomment to disable the watchdog
      WDogDisable();

	  while(SysCtrlRegs.PLLSTS.bit.PLLLOCKS != 1) {}

      EALLOW;
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 0;
	  EDIS;
	}

	  //divide down SysClk by 2 to increase stability
	EALLOW;
	SysCtrlRegs.PLLSTS.bit.DIVSEL = 2; 
	EDIS;
}


// This function initializes the PIE control registers to a known state.
//
void PieCntlInit(void)
{
    // Disable Interrupts at the CPU level:
    DINT;

    // Disable the PIE
    PieCtrlRegs.PIECTRL.bit.ENPIE = 0;

	// Clear all PIEIER registers:
	PieCtrlRegs.PIEIER1.all = 0;
	PieCtrlRegs.PIEIER2.all = 0;
	PieCtrlRegs.PIEIER3.all = 0;	
	PieCtrlRegs.PIEIER4.all = 0;
	PieCtrlRegs.PIEIER5.all = 0;
	PieCtrlRegs.PIEIER6.all = 0;
	PieCtrlRegs.PIEIER7.all = 0;
	PieCtrlRegs.PIEIER8.all = 0;
	PieCtrlRegs.PIEIER9.all = 0;
	PieCtrlRegs.PIEIER10.all = 0;
	PieCtrlRegs.PIEIER11.all = 0;
	PieCtrlRegs.PIEIER12.all = 0;

	// Clear all PIEIFR registers:
	PieCtrlRegs.PIEIFR1.all = 0;
	PieCtrlRegs.PIEIFR2.all = 0;
	PieCtrlRegs.PIEIFR3.all = 0;	
	PieCtrlRegs.PIEIFR4.all = 0;
	PieCtrlRegs.PIEIFR5.all = 0;
	PieCtrlRegs.PIEIFR6.all = 0;
	PieCtrlRegs.PIEIFR7.all = 0;
	PieCtrlRegs.PIEIFR8.all = 0;
	PieCtrlRegs.PIEIFR9.all = 0;
	PieCtrlRegs.PIEIFR10.all = 0;
	PieCtrlRegs.PIEIFR11.all = 0;
	PieCtrlRegs.PIEIFR12.all = 0;
}	


void PieVectTableInit(void)
{
	int16 i;
   	PINT *Dest = &PieVectTable.TINT1;

   	EALLOW;
   	for(i=0; i < 115; i++) 
    *Dest++ = &ISR_ILLEGAL;
   	EDIS;
 
   	// Enable the PIE Vector Table
   	PieCtrlRegs.PIECTRL.bit.ENPIE = 1; 	
}

interrupt void ISR_ILLEGAL(void)   // Illegal operation TRAP
{
  // Insert ISR Code here

  // Next two lines for debug only to halt the processor here
  // Remove after inserting ISR Code
  asm("          ESTOP0");
  for(;;);

}

// This function initializes the Flash Control registers

//                   CAUTION
// This function MUST be executed out of RAM. Executing it
// out of OTP/Flash will yield unpredictable results

void InitFlash(void)
{
   EALLOW;
   //Enable Flash Pipeline mode to improve performance
   //of code executed from Flash.
   FlashRegs.FOPT.bit.ENPIPE = 1;

   //                CAUTION
   //Minimum waitstates required for the flash operating
   //at a given CPU rate must be characterized by TI.
   //Refer to the datasheet for the latest information.

   //Set the Paged Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.PAGEWAIT = 3;

   //Set the Random Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.RANDWAIT = 3;

   //Set the Waitstate for the OTP
   FlashRegs.FOTPWAIT.bit.OTPWAIT = 5;

   //                CAUTION
   //ONLY THE DEFAULT VALUE FOR THESE 2 REGISTERS SHOULD BE USED
   FlashRegs.FSTDBYWAIT.bit.STDBYWAIT = 0x01FF;
   FlashRegs.FACTIVEWAIT.bit.ACTIVEWAIT = 0x01FF;
   EDIS;

   //Force a pipeline flush to ensure that the write to
   //the last register configured occurs before returning.

   asm(" RPT #7 || NOP");
}


// This function will copy the specified memory contents from
// one location to another. 
// 
//	Uint16 *SourceAddr        Pointer to the first word to be moved
//                          SourceAddr < SourceEndAddr
//	Uint16* SourceEndAddr     Pointer to the last word to be moved
//	Uint16* DestAddr          Pointer to the first destination word
//
// No checks are made for invalid memory locations or that the
// end address is > then the first start address.

void MemCopy(Uint16 *SourceAddr, Uint16* SourceEndAddr, Uint16* DestAddr)
{
    while(SourceAddr < SourceEndAddr)
    { 
       *DestAddr++ = *SourceAddr++;
    }
    return;
}
	
//===========================================================================
// End of file.
//===========================================================================
















Appendix A/BLDC_Testing/HVBLDC_Sensorless.c

/* ==============================================================================
System Name:  	HVBLDC_Sensorless

File Name:	  	HVBLDC_Sensorless.C

Description:	Primary system file for the Real Implementation of Sensorless  
          		Trapeziodal Control of Brushless DC Motors (BLDC).
          		To use the file, remember to define the parameters used in function
          		Run(DesiredSpeed, DesiredRounds, currentOperation, currentDirection);
          		Choose StartAlign = 1 to start the aligning process.
          		Choose Start = 1 to start the motor

=================================================================================  */

// Include header files used in the main function

#include "PeripheralHeaderIncludes.h"
#include "IQmathLib.h"
#include "HVBLDC_Sensorless.h"
#include "HVBLDC_Sensorless-Settings.h"
#include <math.h>

#ifdef FLASH
#pragma CODE_SECTION(MainISR,"ramfuncs");
void MemCopy();
void InitFlash();
#endif

typedef enum {SENSORLESS, HALL, RESOLVER} operationMode;
typedef enum {LEFT, RIGHT} direction;

operationMode currentOperation = SENSORLESS;
direction currentDirection = LEFT;

// Prototype statements for functions found within this file.
interrupt void MainISR(void);
void DeviceInit();
void HVDMC_Protection(void);


void Run(_iq speed, Uint32 rounds, operationMode mode, direction dir);
void initValues();
void qepMeasure();
void OpenLoop();


// State Machine function prototypes
//------------------------------------
// Alpha states
void A0(void);	//state A0
void B0(void);	//state B0
void C0(void);	//state C0

// A branch states
void A1(void);	//state A1
void A2(void);	//state A2
void A3(void);	//state A3

// B branch states
void B1(void);	//state B1
void B2(void);	//state B2
void B3(void);	//state B3

// C branch states
void C1(void);	//state C1
void C2(void);	//state C2
void C3(void);	//state C3

// Variable declarations
void (*Alpha_State_Ptr)(void);	// Base States pointer
void (*A_Task_Ptr)(void);		// State pointer A branch
void (*B_Task_Ptr)(void);		// State pointer B branch
void (*C_Task_Ptr)(void);		// State pointer C branch

// Used for running BackGround in flash, and ISR in RAM
extern Uint16 *RamfuncsLoadStart, *RamfuncsLoadEnd, *RamfuncsRunStart;


int16	VTimer0[4];			// Virtual Timers slaved off CPU Timer 0 (A events)
int16	VTimer1[4]; 		// Virtual Timers slaved off CPU Timer 1 (B events)
int16	VTimer2[4]; 		// Virtual Timers slaved off CPU Timer 2 (C events)
int16	SerialCommsTimer;

// Global variables used in this system
_iq testVariable = _IQ(0);

float32 T = 0.001/ISR_FREQUENCY;    // Samping period (sec), see parameter.h 
Uint16 Astrom = FALSE;
Uint16 IsSettled = FALSE;
Uint16 AstromSwitch = FALSE;
Uint32 CurrentCounter = 0;
Uint32 RampCounter = 0;
Uint32 SettleCounter = 0;
Uint32 IsrTicker = 0;
Uint16 BackTicker = 0;
Uint16 PreviousState;
Uint32 RevolutionPeriod = 0;
Uint16 RoundsFlag = FALSE;
Uint16 StartAlign = FALSE;
Uint16 Start = FALSE;
Uint32 TotalRounds = 0;
Uint32 DesiredRounds = 0x2800;
_iq DesiredSpeed = _IQ(0.16);
_iq DesiredCurrent = _IQ(0.003);
Uint32 VirtualTimer = 0;
Uint16 ILoopFlag = FALSE;
Uint16 SpeedLoopFlag = FALSE;
Uint16 ClosedLoopFlag = FALSE;
Uint16 CurrentLoopFlag = FALSE;
int16  DFuncDesired =0x1300;      // Desired duty cycle (Q15)
int16  DfuncTesting =0x1300;

Uint32 CurrentPeriod = 0;
Uint32 Counter2 = 0;

Uint16 AlignFlag = 0x000F; 
Uint16 LoopCount = 0;
Uint16 TripFlagDMC=0;				//PWM trip status 

Uint32 RPM = 0;
Uint32 timerFreq = 0;

Uint32 CmtnPeriodTarget = 0x1A3; // These values must be changed depending on the motor
Uint32 CmtnPeriodSetpt = 0x4B0;  // and the motor load. (Used for ramping up the motor)
Uint32 RampDelay = 75;

_iq CurrentOffset = _IQ(0.5019538403);
_iq MeanCurrent = 0;
_iq MeanCurrent2 = 0;
_iq SumCurrent = 0;
_iq SumCurrent2 = 0;
_iq CurrentSet = _IQ(0.01);
_iq DCbus_current=0;
_iq SpeedRef=_IQ(0.20);
_iq tempIdc=0;


_iq AlignDuty = _IQ(0.23);
int16 sprang = _IQ15(0.23);
_iq test = _IQ(0);
_iq peak = _IQ(0);

int16 DlogCh1 = 0;
int16 DlogCh2 = 0;
int16 DlogCh3 = 0;
int16 DlogCh4 = 0;


// Used for ADC Configuration 
int 	ChSel[16]   = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
int		TrigSel[16] = {5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5};
int     ACQPS[16]   = {8,8,8,8,8,8,8,8,8,8,8,8,8,8,8,8};


volatile Uint16 EnableFlag = TRUE;


// Instance PID regulator to regulate the DC-bus current and speed
PI_CONTROLLER pid1_idc = PI_CONTROLLER_DEFAULTS;
PI_CONTROLLER pid1_spd = PI_CONTROLLER_DEFAULTS;

// Instance a QEP interface driver
QEP qep1 = QEP_DEFAULTS;

// Instance a Hall effect driver
HALL3 hall1 = HALL3_DEFAULTS;

// Instance a PWM driver instance
PWMGEN pwm1 = PWMGEN_DEFAULTS;

// Instance a PWM DAC driver instance
PWMDAC pwmdac1 = PWMDAC_DEFAULTS;

// Instance a ramp controller to smoothly ramp the frequency
RMPCNTL rc1 = RMPCNTL_DEFAULTS;

// Instance a RAMP2 Module
RMP2 rmp2 = RMP2_DEFAULTS;

// Instance a RAMP3 Module
RMP3 rmp3 = RMP3_DEFAULTS;

// Instance a MOD6 Module
MOD6CNT mod1 = MOD6CNT_DEFAULTS;

// Instance a IMPULSE Module
IMPULSE impl1 = IMPULSE_DEFAULTS;

// Instance a COMTRIG Module
CMTN cmtn1 = CMTN_DEFAULTS;

// Instance a SPEED_PR Module
SPEED_MEAS_CAP speed1 = SPEED_MEAS_CAP_DEFAULTS;

// Instance a speed calculator based on QEP
SPEED_MEAS_QEP speed2 = SPEED_MEAS_QEP_DEFAULTS;

// Create an instance of DATALOG Module
DLOG_4CH dlog = DLOG_4CH_DEFAULTS; 
    

void main(void)
{
	
	DeviceInit();	// Device Life support & GPIO		

// Only used if running from FLASH
// Note that the variable FLASH is defined by the compiler

#ifdef FLASH
// Copy time critical code and Flash setup code to RAM
// The  RamfuncsLoadStart, RamfuncsLoadEnd, and RamfuncsRunStart
// symbols are created by the linker. Refer to the linker files. 
	MemCopy(&RamfuncsLoadStart, &RamfuncsLoadEnd, &RamfuncsRunStart);

// Call Flash Initialization to setup flash waitstates
// This function must reside in RAM
	InitFlash();	// Call the flash wrapper init function
#endif //(FLASH)



// Tasks State-machine init
	Alpha_State_Ptr = &A0;
	A_Task_Ptr = &A1;
	B_Task_Ptr = &B1;



   // Waiting for enable flag set
   while (EnableFlag==FALSE) 
    { 
      BackTicker++;
    }

// Initialize all the Device Peripherals:
// This function is found in DSP280x_CpuTimers.c
   InitCpuTimers();
   
// Configure CPU-Timer 0 to interrupt every ISR Period:
// 60MHz CPU Freq, ISR Period (in uSeconds)
// This function is found in DSP280x_CpuTimers.c
   ConfigCpuTimer(&CpuTimer0, 60, 1000/ISR_FREQUENCY);
   StartCpuTimer0();

// Configure CPU-Timer 1,2 for background loops 
   ConfigCpuTimer(&CpuTimer1, 60, 1000);
   ConfigCpuTimer(&CpuTimer2, 60, 50000);
   StartCpuTimer1();
   StartCpuTimer2();

// Reassign ISRs. 
        // Reassign the PIE vector for TINT0 to point to a different 
        // ISR then the shell routine found in DSP280x_DefaultIsr.c.
        // This is done if the user does not want to use the shell ISR routine
        // but instead wants to use their own ISR.

	EALLOW;	// This is needed to write to EALLOW protected registers
	PieVectTable.TINT0 = &MainISR;
	EDIS;   // This is needed to disable write to EALLOW protected registers

// Enable PIE group 1 interrupt 7 for TINT0
    PieCtrlRegs.PIEIER1.all = M_INT7;

// Enable CPU INT1 for TINT0:
	IER |= M_INT1;
// Enable Global realtime interrupt DBGM

// Initialize PWM module
    pwm1.PeriodMax = (SYSTEM_FREQUENCY/PWM_FREQUENCY)*1000;  // Asymmetric PWM 
    pwm1.DutyFunc  = AlignDuty;            				 // DutyFunc = Q15
	BLDCPWM_INIT_MACRO(1,2,3,pwm1)

// Initialize PWMDAC module
	pwmdac1.PeriodMax  = 500;		 			// @60Mhz, 1500->20kHz, 1000-> 30kHz, 500->60kHz
	pwmdac1.HalfPerMax = pwmdac1.PeriodMax/2;	// Needed to adjust the duty cycle range in the macro
	PWMDAC_INIT_MACRO(6,pwmdac1) 				// PWM 6A,6B
	PWMDAC_INIT_MACRO(7,pwmdac1) 				// PWM 7A,7B 

// Initialize DATALOG module
    dlog.iptr1 = &DlogCh1;
    dlog.iptr2 = &DlogCh2;
    dlog.iptr3 = &DlogCh3;
    dlog.iptr4 = &DlogCh4;
    dlog.trig_value = 0x1;
    dlog.size = 0x0C8;
    dlog.prescalar = 25;
    dlog.init(&dlog);

    // Initialize Hall module
    hall1.DebounceAmount = 0;
    hall1.Revolutions    = -3;
    HALL3_INIT_MACRO(hall1)

// Initialize ADC module	
		
// For the kits < Rev 1.1 -------------------------------------------------	 
	 ChSel[0]=15;	// Dummy meas. avoid 1st sample issue Rev0 Picollo*/
	 ChSel[1]=15;	// ChSelect: ADC B7-> Phase A Voltage
	 ChSel[2]=14;	// ChSelect: ADC B6-> Phase B Voltage
	 ChSel[3]=12;	// ChSelect: ADC B4-> Phase C Voltage
	 ChSel[4]=2;	// ChSelect: ADC A2-> DC Bus  Current

//-------------------------------------------------------------------------	 
	 
	 ADC_MACRO_INIT(ChSel,TrigSel,ACQPS)

	 // Initialize QEP module
	 	qep1.LineEncoder = 500; // 500 pulses per revolution, found in optical encoders datasheet
	     qep1.MechScaler = _IQ30(0.25/qep1.LineEncoder);
	     qep1.PolePairs = POLES/2;
	     qep1.CalibratedAngle = 1000;
	 	QEP_INIT_MACRO(1,qep1)


 // Initialize the SPEED_PR module 
 	speed1.InputSelect = 1;
 	speed1.BaseRpm = 120*(BASE_FREQ/POLES); // 9990
 	speed1.SpeedScaler = (Uint32)(ISR_FREQUENCY/(1*BASE_FREQ*0.001)); // 120

 	// Initialize the Speed module for QEP based speed calculation
 	    speed2.K1 = _IQ21(1/(BASE_FREQ*T));
 	    speed2.K2 = _IQ(1/(1+T*2*PI*5));  // Low-pass cut-off frequency
 	    speed2.K3 = _IQ(1)-speed2.K2;
 	    speed2.BaseRpm = 120*(BASE_FREQ/POLES);


// Initialize RMPCNTL module
    rc1.RampDelayMax = 5;
    rc1.RampLowLimit = _IQ(0);
    rc1.RampHighLimit = _IQ(1);

// Initialize RMP2 module
	rmp2.Out = 0;//(int32)AlignDuty;
	rmp2.Ramp2Delay = RampDelay;
    rmp2.Ramp2Max = 0x00007FFF;
    rmp2.Ramp2Min = 0x0000000F;

// Initialize RMP3 module
	rmp3.DesiredInput = CmtnPeriodTarget;
	rmp3.Ramp3Delay = RampDelay;
    rmp3.Out = CmtnPeriodSetpt;
    rmp3.Ramp3Min = 0x00000010;

// Initialize CMTN module
	cmtn1.NWDelayThres =20;
	cmtn1.NWDelta = 2;
    cmtn1.NoiseWindowMax = cmtn1.NWDelayThres - cmtn1.NWDelta;

// Initialize the PI module for dc-bus current 	
	pid1_idc.Kp = _IQ(0.20);
	pid1_idc.Ki   = _IQ(0.00005);
	pid1_idc.Umax = _IQ(1);
	pid1_idc.Umin = _IQ(0);

    
//Call HVDMC Protection function
	HVDMC_Protection();

// Enable global Interrupts and higher priority real-time debug events:
	EINT;   // Enable Global interrupt INTM
	ERTM;	// Enable Global realtime interrupt DBGM


// IDLE loop. Just sit and loop forever:	
	for(;;)  //infinite loop
	{
		BackTicker++;

		// State machine entry & exit point
		//===========================================================
		(*Alpha_State_Ptr)();	// jump to an Alpha state (A0,B0,...)
		//===========================================================

	}
} //END MAIN CODE



//=================================================================================
//	STATE-MACHINE SEQUENCING AND SYNCRONIZATION FOR SLOW BACKGROUND TASKS
//=================================================================================

//--------------------------------- FRAMEWORK -------------------------------------
void A0(void)
{
	// loop rate synchronizer for A-tasks
	if(CpuTimer1Regs.TCR.bit.TIF == 1)
	{
		CpuTimer1Regs.TCR.bit.TIF = 1;	// clear flag

		//-----------------------------------------------------------
		(*A_Task_Ptr)();		// jump to an A Task (A1,A2,A3,...)
		//-----------------------------------------------------------

		VTimer0[0]++;			// virtual timer 0, instance 0 (spare)
		SerialCommsTimer++;
	}

	Alpha_State_Ptr = &B0;		// Comment out to allow only A tasks
}

void B0(void)
{
	// loop rate synchronizer for B-tasks
	if(CpuTimer2Regs.TCR.bit.TIF == 1)
	{
		CpuTimer2Regs.TCR.bit.TIF = 1;				// clear flag

		//-----------------------------------------------------------
		(*B_Task_Ptr)();		// jump to a B Task (B1,B2,B3,...)
		//-----------------------------------------------------------
		VTimer1[0]++;			// virtual timer 1, instance 0 (spare)
	}

	Alpha_State_Ptr = &A0;		// Allow C state tasks
}

//=================================================================================
//	A - TASKS (executed in every 1 msec)
//=================================================================================
//--------------------------------------------------------
void A1(void) // SPARE (not used)
//--------------------------------------------------------
{

	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A2
	A_Task_Ptr = &A2;
	//-------------------
}

//-----------------------------------------------------------------
void A2(void) // SPARE (not used)
//-----------------------------------------------------------------
{	

	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A3
	A_Task_Ptr = &A3;
	//-------------------
}

//-----------------------------------------
void A3(void) // SPARE (not used)
//-----------------------------------------
{

	//-----------------
	//the next time CpuTimer0 'counter' reaches Period value go to A1
	A_Task_Ptr = &A1;
	//-----------------
}



//=================================================================================
//	B - TASKS (executed in every 5 msec)
//=================================================================================

//----------------------------------- USER ----------------------------------------

//----------------------------------------
void B1(void) // Toggle GPIO-00
//----------------------------------------
{
	if(EPwm1Regs.TZFLG.bit.OST==0x1)			// TripZ for PWMs is low (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO42 = 1;
	  }	
	 
	if(GpioDataRegs.GPADAT.bit.GPIO15 == 1)		// Over Current Prot. for Integrated Power Module is high (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO44 = 1;
	  }		
	 	  
	GpioDataRegs.GPBTOGGLE.bit.GPIO34 = 1;	   // Turn on/off LD3 on the controlCARD
	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B2
	B_Task_Ptr = &B2;	
	//-----------------
}

//----------------------------------------
void B2(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B3
	B_Task_Ptr = &B3;
	//-----------------
}

//----------------------------------------
void B3(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B1
	B_Task_Ptr = &B1;	
	//-----------------
}



// ==========================================================================
// =============================  MainISR ===================================
// ==========================================================================

interrupt void MainISR(void) // Every 25 us
{

// Verifying the ISR
    IsrTicker++;




#if (BUILDLEVEL==LEVEL7)

      DCbus_current = _IQ12toIQ(AdcResult.ADCRESULT4) - CurrentOffset;

      if(StartAlign == TRUE)
      {
    	  if (RoundsFlag == FALSE)
    	  {
    		  Run(DesiredSpeed, DesiredRounds, currentOperation, currentDirection);
    	  }
    	  else
    	  {
    		  RoundsFlag = FALSE;
    		  StartAlign = FALSE;
    	  }
    	  CurrentCounter++;
      }
      else
      {
    	  rc1.Tmp = 0;
    	  rc1.SetpointValue = 0;
    	  AlignFlag = 0x000F;
    	  RoundsFlag = FALSE;

      }
      qepMeasure();

#endif

// Acknowledge interrupt to recieve more interrupts from PIE group 1
	PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;


}// ISR Ends Here

/**********************************************************/
/***************Protection Configuration*******************/  
/**********************************************************/

void Run(_iq speed, Uint32 rounds, operationMode mode, direction dir)
{
	// Initial Rotor Alignment Process
    if (AlignFlag != 0)
    {
    	initValues();
    }
   else if (Start != 0)
    {

    rmp3.DesiredInput = CmtnPeriodTarget;

	if(mode == HALL)
	{
		rmp3.Ramp3Delay = 20;// 300RampDelay*20;//RampDelay; // 20 HALL
	}
	else
		 rmp3.Ramp3Delay = RampDelay;

    RC3_MACRO(rmp3)

	impl1.Period = rmp3.Out;
	IMPULSE_MACRO(impl1)

    if(SpeedLoopFlag == FALSE)
    	RampCounter++;


	if(mode == HALL)
	{
		hall1.HallMapPointer = (int16)mod1.Counter;
		HALL3_READ_MACRO(hall1)

		if (SpeedLoopFlag == FALSE)
		{
			mod1.Counter = (int32)hall1.HallMapPointer;
			mod1.TrigInput = impl1.Out;
		}
		else
		{
			mod1.TrigInput = (int32)hall1.CmtnTrigHall;
		}

	}
	else if(mode == SENSORLESS)
	{
		if(SpeedLoopFlag == FALSE)
		{
			mod1.TrigInput = impl1.Out;
		}
		else// closed-loop operation
		{
			mod1.TrigInput = cmtn1.CmtnTrig;
		}
	}
	testVariable = speed1.Revolutions;


    MOD6CNT_MACRO(mod1)




// ------------------------------------------------------------------------------
//    Connect inputs of the PID_REG3 module and call the PID speed controller macro.
// ------------------------------------------------------------------------------
    if (testVariable >= _IQ(rounds))
    {
    	rc1.TargetValue = 0;
    	RampDelay = 2;
    	if(rc1.EqualFlag == 0x7FFFFFFF)
    	{
    		RoundsFlag = TRUE;

    	}
    }
    else if (testVariable >= _IQ(0.70*rounds) && testVariable < _IQ(0.90*rounds))
    {
    	RampDelay = 5;
    	rc1.TargetValue = speed*0.2;
    }
    else if (testVariable >= _IQ(0.90*rounds))
    {
    	RampDelay = 1;
    	rc1.TargetValue = speed*0.1;
    }
    else
    	rc1.TargetValue = speed;




// ------------------------------------------------------------------------------
//    Set the speed closed loop flag once the speed is built up to a desired value.
// ------------------------------------------------------------------------------


    if (mode == SENSORLESS)
    {
    if(RampCounter > 40000*1) // Wait one second after ramping is complete before closing the speed-loop
    {
    	if(cmtn1.DebugBemf > _IQ(0.1)) // Assure that the back-EMF reading isn't too low
    	{
    		SpeedLoopFlag = TRUE;
    		rc1.RampDelayMax = 30;
    		rc1.SetpointValue = speed1.Speed;
    		RampCounter = 0;
    		//sprang = _IQ15(0.40);
    	}
    }
    }
    else if (mode == HALL)
    {
    	if (hall1.Revolutions>=0)
    		SpeedLoopFlag = TRUE;
    }

		if(SpeedLoopFlag == TRUE)
		{
			RC_MACRO(rc1)
		}


		if(rc1.EqualFlag == 0x7FFFFFFF )
		{
			rc1.RampDelayMax = 15;
		}


		pid1_spd.Ref = rc1.SetpointValue;
		pid1_spd.Fbk = speed1.Speed;
		PI_MACRO(pid1_spd)

		pid1_idc.Ref = pid1_spd.Out;
		pid1_idc.Fbk = DCbus_current;
		PI_MACRO(pid1_idc)

		if(SpeedLoopFlag == TRUE && ClosedLoopFlag == TRUE)
		{
			if (mode == HALL)
			{
			if(CurrentLoopFlag == TRUE)
				pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_idc.Out);
			else
				pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_spd.Out);
			}
			else if (mode == SENSORLESS)
			{
			//	if (IsSettled == TRUE)
			//	{
					if(CurrentLoopFlag == TRUE)
						pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_idc.Out);
					else
						pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_spd.Out);
			//	}
			//		SettleCounter++;
			//	if (SettleCounter >= 40000*2)
			//	{
			//		IsSettled = TRUE;
			//	}
			}

		}

		else
		{
			RC2_MACRO(rmp2)
			pwm1.DutyFunc = sprang;//pwm1.DutyFunc = rmp2.Out;
		}


	if(mode == SENSORLESS)
	{
		pwm1.CmtnPointer = (int16)mod1.Counter;

		BLDCPWM_MACRO(1,2,3,pwm1)

		cmtn1.Va = _IQ12toIQ(AdcResult.ADCRESULT1);
		cmtn1.Vb = _IQ12toIQ(AdcResult.ADCRESULT2);
		cmtn1.Vc = _IQ12toIQ(AdcResult.ADCRESULT3);

		cmtn1.CmtnPointer = mod1.Counter;
		cmtn1.VirtualTimer = VirtualTimer;

		CMTN_TRIG_MACRO(cmtn1)

		RevolutionPeriod = cmtn1.RevPeriod;
		TotalRounds = cmtn1.Revolutions;

		speed1.EventPeriod = cmtn1.RevPeriod;
		SPEED_PR_MACRO(speed1)

						// PWMDAC 7A, 7B
	    pwmdac1.MfuncC1 = cmtn1.Va<<4;
	     pwmdac1.MfuncC2 = cmtn1.Vb<<4;
	     PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B

	     pwmdac1.MfuncC1 = cmtn1.Neutral<<4;
	     pwmdac1.MfuncC2 = cmtn1.DebugBemf<<5;
		  PWMDAC_MACRO(7,pwmdac1)
	}
	else if(mode == HALL)
	{
			if (hall1.CmtnTrigHall==0x7FFF)
			{
				PreviousState = pwm1.CmtnPointer;

				if (dir == RIGHT)
				{
					if (hall1.HallGpioAccepted==5)
						pwm1.CmtnPointer = 0;

					else if (hall1.HallGpioAccepted==1)
						pwm1.CmtnPointer = 1;

					else if (hall1.HallGpioAccepted==3)
						pwm1.CmtnPointer = 2;

					else if (hall1.HallGpioAccepted==2)
						pwm1.CmtnPointer = 3;

					else if (hall1.HallGpioAccepted==6)
						pwm1.CmtnPointer = 4;

					else if (hall1.HallGpioAccepted==4)
						pwm1.CmtnPointer = 5;
				}
				else
				{
					if (hall1.HallGpioAccepted==5)
						pwm1.CmtnPointer = 5;

					else if (hall1.HallGpioAccepted==4)
						pwm1.CmtnPointer = 4;

					else if (hall1.HallGpioAccepted==6)
						pwm1.CmtnPointer = 3;

					else if (hall1.HallGpioAccepted==2)
						pwm1.CmtnPointer = 2;

					else if (hall1.HallGpioAccepted==3)
						pwm1.CmtnPointer = 1;

					else if (hall1.HallGpioAccepted==1)
						pwm1.CmtnPointer = 0;

				}
		}
			if (SpeedLoopFlag == FALSE)
				pwm1.CmtnPointer = (int16)mod1.Counter;

				 BLDCPWM_MACRO(1,2,3,pwm1)


				 if ((((pwm1.CmtnPointer==4)&&(PreviousState==5)) || ((pwm1.CmtnPointer==5)&&(PreviousState==4))) &&(hall1.CmtnTrigHall==0x7FFF))
				 {
				 	speed1.TimeStamp = VirtualTimer;
				 	SPEED_PR_MACRO(speed1)
				 }




			 if(hall1.Revolutions >= 0)
				 TotalRounds = hall1.Revolutions/2;

			    pwmdac1.MfuncC1 = cmtn1.Va;
			     pwmdac1.MfuncC2 = cmtn1.Vb;
			     PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B

			     pwmdac1.MfuncC1 = cmtn1.Neutral;
			     pwmdac1.MfuncC2 = cmtn1.DebugBemf<<5;
				  PWMDAC_MACRO(7,pwmdac1)
	}

	// ------------------------------------------------------------------------------
	//    Call the DATALOG update function.
	// ------------------------------------------------------------------------------
	    dlog.update(&dlog);

	// ------------------------------------------------------------------------------
	//    Increase virtual timer and force 15 bit wrap around
	// ------------------------------------------------------------------------------
		VirtualTimer++;
		VirtualTimer &= 0x00007FFF;
    }
}



void qepMeasure()
{
    QEP_MACRO(1,qep1)

    speed2.ElecTheta = _IQ24toIQ((int32)qep1.ElecTheta);
    speed2.DirectionQep = (int32)(qep1.DirectionQep);
    SPEED_FR_MACRO(speed2)
}




void initValues()
{
	if (currentDirection == RIGHT)
	{
		pwm1.CmtnPointer = 0;
		mod1.Counter = 5;
		mod1.Direction = 0;
		cmtn1.Direction = 0;
	}
	else
	{
		pwm1.CmtnPointer = 0;
		mod1.Counter = 0;
		mod1.Direction = 1;
		cmtn1.Direction = 1;
	}

	   if(currentOperation == HALL)
	   {
		   speed1.InputSelect = 0;

		   	pid1_spd.Umax = _IQ(1.0);
		   	pid1_spd.Umin = _IQ(0);
		   	hall1.Revolutions = -3;

		   	pid1_spd.Kp   = _IQ(0.99); // 0.25
			pid1_spd.Ki   = _IQ(T/1.6670); // T/0.1
		   	pid1_spd.Kp   = _IQ(0.4113); // 0.25
			pid1_spd.Ki   = _IQ(T/0.2876); // T/0.1

			pid1_idc.Kp = _IQ(0.4113);
			pid1_idc.Ki   = _IQ(T/0.2876);
			pid1_idc.Kp = _IQ(0.99);
			pid1_idc.Ki   = _IQ(T/0.04);
			pid1_idc.Kp = _IQ(1.0021);
			pid1_idc.Ki   = _IQ(T/1.0236);
	   }
	   else if(currentOperation == SENSORLESS)
	   {
		   speed1.InputSelect = 1;
		   // Initialize the PI module for speed


		   	pid1_spd.Umax = _IQ(1.0);
		   	pid1_spd.Umin = _IQ(0);

			pid1_spd.Kp   = _IQ(0.4997);
			pid1_spd.Ki   = _IQ(T/0.4246);

		   	sprang = _IQ15(0.134);

	   }

	      TotalRounds = 0;

	     cmtn1.Revolutions = 0;
	     cmtn1.CmtnDelay = 0;
	     cmtn1.CmtnDelayCounter = 0;
	     cmtn1.RevPeriod = 0;
	     cmtn1.Tmp = 0;

	     rmp3.Out = CmtnPeriodSetpt;
	     rmp3.Ramp3DoneFlag = 0;

	     rmp2.Out = 0;

	     pid1_spd.Fbk = 0;// AlignDuty;
	     pid1_spd.Out = 0;//AlignDuty;
	     pid1_spd.Ref = 0;//AlignDuty;
	     pid1_spd.i1 = 0;
	     pid1_spd.ui = 0;
	     pid1_spd.up = 0;
	     pid1_spd.v1 = 0;
	     pid1_spd.w1 = _IQ(1);

	     IsSettled= 0;
	     RampCounter = 0;
	     SettleCounter = 0;

	     speed1.Speed = _IQ(0);
         pwm1.PeriodMax = (SYSTEM_FREQUENCY/PWM_FREQUENCY)*1000;  // Asymmetric PWM


         // Start aligning process
         rc1.RampDelayMax = 6;
         rc1.TargetValue = AlignDuty;
         RC_MACRO(rc1)
         pwm1.DutyFunc  = (int16)_IQtoIQ15(rc1.SetpointValue);
	     BLDCPWM_MACRO(1,2,3,pwm1)


	      if(rc1.EqualFlag == 0x7FFFFFFF)
	         {
	    	   pwm1.CmtnPointer = 0;
	           AlignFlag = 0;
	           VirtualTimer = 0;

		       rc1.EqualFlag = 0;
		       pwm1.DutyFunc  = sprang;
	         }

}


void HVDMC_Protection(void)
{

// Configure Trip Mechanism for the Motor control software
// -Cycle by cycle trip on CPU halt
// -One shot IPM trip zone trip 
// These trips need to be repeated for EPWM1 ,2 & 3

//===========================================================================
//Motor Control Trip Config, EPwm1,2,3
//===========================================================================
      EALLOW;
// CPU Halt Trip  
      EPwm1Regs.TZSEL.bit.CBC6=0x1;
      EPwm2Regs.TZSEL.bit.CBC6=0x1;
      EPwm3Regs.TZSEL.bit.CBC6=0x1;
      
      
      EPwm1Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT  
      EPwm2Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT      
      EPwm3Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT

// What do we want the OST/CBC events to do?
// TZA events can force EPWMxA
// TZB events can force EPWMxB

      EPwm1Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm1Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm2Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm2Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm3Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm3Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      
      EDIS;

     // Clear any spurious OV trip
      EPwm1Regs.TZCLR.bit.OST = 1;
      EPwm2Regs.TZCLR.bit.OST = 1;
      EPwm3Regs.TZCLR.bit.OST = 1;  
      
//************************** End of Prot. Conf. ***************************//
}


//===========================================================================
// No more.
//===========================================================================







Appendix A/HVPM_Sensored/HVPM_Sensored-DevInit_F2803x.c

//============================================================================
// FILE:	HVPMSM_Sensored-DevInit_F2803x.c
// TITLE:	Device initialization for F2803x series
//============================================================================


/***************************
Note that the CLA is not used nor initialized in this project. Please download 
the Peripheral Files and Example Projects collection (SPRC832) and look at the 
cla_adc project for information on how to use and configure the CLA.
***************************/

#include "PeripheralHeaderIncludes.h"

// Functions that will be run from RAM need to be assigned to
// a different section.  This section will then be mapped to a load and
// run address using the linker cmd file.
#pragma CODE_SECTION(InitFlash, "ramfuncs");
#define Device_cal (void   (*)(void))0x3D7C80

void DeviceInit(void);
void PieCntlInit(void);
void PieVectTableInit(void);
void WDogDisable(void);
void PLLset(Uint16);
void ISR_ILLEGAL(void);

//--------------------------------------------------------------------
//  Configure Device for target Application Here
//--------------------------------------------------------------------
void DeviceInit(void)
{
	WDogDisable(); 	// Disable the watchdog initially
	DINT;			// Global Disable all Interrupts
	IER = 0x0000;	// Disable CPU interrupts
	IFR = 0x0000;	// Clear all CPU interrupt flags


// Switch to Internal Oscillator 1 and turn off all other clock
// sources to minimize power consumption
	EALLOW;
	SysCtrlRegs.CLKCTL.bit.INTOSC1OFF = 0;
    SysCtrlRegs.CLKCTL.bit.OSCCLKSRCSEL=0;  // Clk Src = INTOSC1
	SysCtrlRegs.CLKCTL.bit.XCLKINOFF=1;     // Turn off XCLKIN
	SysCtrlRegs.CLKCTL.bit.XTALOSCOFF=1;    // Turn off XTALOSC
	SysCtrlRegs.CLKCTL.bit.INTOSC2OFF=1;    // Turn off INTOSC2
    EDIS;


// SYSTEM CLOCK speed based on internal oscillator = 10 MHz
// 0xC =  60	MHz		(12)
// 0xB =  55	MHz		(11)
// 0xA =  50	MHz		(10)
// 0x9 =  45	MHz		(9)
// 0x8 =  40	MHz		(8)
// 0x7 =  35	MHz		(7)
// 0x6 =  30	MHz		(6)
// 0x5 =  25	MHz		(5)
// 0x4 =  20	MHz		(4)
// 0x3 =  15	MHz		(3)
// 0x2 =  10	MHz		(2)

	PLLset(0xC);	// choose from options above

// Initialise interrupt controller and Vector Table
// to defaults for now. Application ISR mapping done later.
	PieCntlInit();		
	PieVectTableInit();

   EALLOW; // below registers are "protected", allow access.

// LOW SPEED CLOCKS prescale register settings
   SysCtrlRegs.LOSPCP.all = 0x0002;		// Sysclk / 4 (15 MHz)
   SysCtrlRegs.XCLK.bit.XCLKOUTDIV=2;
      
      
// ADC CALIBRATION 
//---------------------------------------------------
// The Device_cal function, which copies the ADC & oscillator calibration values
// from TI reserved OTP into the appropriate trim registers, occurs automatically
// in the Boot ROM. If the boot ROM code is bypassed during the debug process, the
// following function MUST be called for the ADC and oscillators to function according
// to specification.

	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1; // Enable ADC peripheral clock
	(*Device_cal)();					  // Auto-calibrate from TI OTP
	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 0; // Return ADC clock to original state     

      	
// PERIPHERAL CLOCK ENABLES 
//---------------------------------------------------
// If you are not using a peripheral you may want to switch
// the clock off to save power, i.e. set to =0 
// 
// Note: not all peripherals are available on all 280x derivates.
// Refer to the datasheet for your particular device. 

   SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1;    // ADC
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.COMP1ENCLK = 1;	// COMP1
   SysCtrlRegs.PCLKCR3.bit.COMP2ENCLK = 1;	// COMP2
   SysCtrlRegs.PCLKCR3.bit.COMP3ENCLK = 1;  // COMP3
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.ECAP1ENCLK = 1;	//eCAP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.ECANAENCLK=0;   // eCAN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EQEP1ENCLK = 1;  // eQEP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EPWM1ENCLK = 1;  // ePWM1
   SysCtrlRegs.PCLKCR1.bit.EPWM2ENCLK = 1;  // ePWM2
   SysCtrlRegs.PCLKCR1.bit.EPWM3ENCLK = 1;  // ePWM3
   SysCtrlRegs.PCLKCR1.bit.EPWM4ENCLK = 1;  // ePWM4
   SysCtrlRegs.PCLKCR1.bit.EPWM5ENCLK = 1;	// ePWM5
   SysCtrlRegs.PCLKCR1.bit.EPWM6ENCLK = 1;	// ePWM6
   SysCtrlRegs.PCLKCR1.bit.EPWM7ENCLK = 1;	// ePWM7
   SysCtrlRegs.PCLKCR0.bit.HRPWMENCLK = 0;    // HRPWM
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.I2CAENCLK = 0;   // I2C
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.LINAENCLK = 0;   // LIN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.CLA1ENCLK = 0;   // CLA1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SCIAENCLK = 1;  	// SCI-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SPIAENCLK = 0;	// SPI-A
   SysCtrlRegs.PCLKCR0.bit.SPIBENCLK = 0;     // SPI-B
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.TBCLKSYNC = 1;   // Enable TBCLK
   //------------------------------------------------           

                               
//--------------------------------------------------------------------------------------
// GPIO (GENERAL PURPOSE I/O) CONFIG
//--------------------------------------------------------------------------------------
//-----------------------
// QUICK NOTES on USAGE:
//-----------------------
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 1, 2 or 3 (i.e. Non GPIO func), then leave
//	rest of lines commented
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 0 (i.e. GPIO func), then:
//	1) uncomment GpioCtrlRegs.GP?DIR.bit.GPIO? = ? and choose pin to be IN or OUT
//	2) If IN, can leave next to lines commented
//	3) If OUT, uncomment line with ..GPACLEAR.. to force pin LOW or
//			   uncomment line with ..GPASET.. to force pin HIGH or
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-00 - PIN FUNCTION = PWM1A
	GpioCtrlRegs.GPAMUX1.bit.GPIO0 = 1;		// 0=GPIO,  1=EPWM1A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO0 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO0 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO0 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-01 - PIN FUNCTION = PWM1B
	GpioCtrlRegs.GPAMUX1.bit.GPIO1 = 1;		// 0=GPIO,  1=EPWM1B,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO1 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO1 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO1 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-02 - PIN FUNCTION = PWM2A
	GpioCtrlRegs.GPAMUX1.bit.GPIO2 = 1;		// 0=GPIO,  1=EPWM2A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO2 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO2 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO2 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-03 - PIN FUNCTION = PWM2B
	GpioCtrlRegs.GPAMUX1.bit.GPIO3 = 1;		// 0=GPIO,  1=EPWM2B,  2=SPISOMI-A,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO3 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO3 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO3 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-04 - PIN FUNCTION = PWM3A
	GpioCtrlRegs.GPAMUX1.bit.GPIO4 = 1;		// 0=GPIO,  1=EPWM3A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO4 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO4 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO4 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-05 - PIN FUNCTION = PWM3B
	GpioCtrlRegs.GPAMUX1.bit.GPIO5 = 1;		// 0=GPIO,  1=EPWM3B,  2=SPISIMO-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO5 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO5 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO5 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-06 - PIN FUNCTION = PWM4A
	GpioCtrlRegs.GPAMUX1.bit.GPIO6 = 1;		// 0=GPIO,  1=EPWM4A,  2=SYNCI,  3=SYNCO
//	GpioCtrlRegs.GPADIR.bit.GPIO6 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO6 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO6 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-07 - PIN FUNCTION = PWM4B
	GpioCtrlRegs.GPAMUX1.bit.GPIO7 = 1;		// 0=GPIO,  1=EPWM4B,  2=SCIRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO7 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO7 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO7 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-08 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO8 = 1;		// 0=GPIO,  1=EPWM5A,  2=Resv,  3=ADCSOC-A
//	GpioCtrlRegs.GPADIR.bit.GPIO8 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO8 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO8 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-09 - PIN FUNCTION = Clear Fault
	GpioCtrlRegs.GPAMUX1.bit.GPIO9 = 0;		// 0=GPIO,  1=EPWM5B,  2=LINTX-A,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO9 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO9 = 1;	// uncomment if --> Set Low initially
	GpioDataRegs.GPASET.bit.GPIO9 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-10 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO10 = 1;	// 0=GPIO,  1=EPWM6A,  2=Resv,  3=ADCSOC-B
//	GpioCtrlRegs.GPADIR.bit.GPIO10 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO10 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO10 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-11 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO11 = 1;	// 0=GPIO,  1=EPWM6B,  2=LINRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO11 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO11 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO11 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-12 - PIN FUNCTION = TZ1
	GpioCtrlRegs.GPAMUX1.bit.GPIO12 = 1;	// 0=GPIO,  1=TZ1,  2=SCITX-A,  3=SPISIMO-B
//	GpioCtrlRegs.GPADIR.bit.GPIO12 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO12 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO12 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-13 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO13 = 0;	// 0=GPIO,  1=TZ2,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO13 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO13 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO13 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-14 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO14 = 0;	// 0=GPIO,  1=TZ3,  2=LINTX-A,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO14 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO14 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO14 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-15 - PIN FUNCTION = OCP
	GpioCtrlRegs.GPAMUX1.bit.GPIO15 = 0;	// 0=GPIO,  1=TZ1,  2=LINRX-A,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO15 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO15 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO15 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-16 - PIN FUNCTION = SPISIMO-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO16 = 1;	// 0=GPIO,  1=SPISIMO-A,  2=Resv,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO16 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO16 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO16 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-17 - PIN FUNCTION = SPISOMI-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO17 = 1;	// 0=GPIO,  1=SPISOMI-A,  2=Resv,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO17 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO17 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO17 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-18 - PIN FUNCTION = SPICLK-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO18 = 1;	// 0=GPIO,  1=SPICLK-A,  2=LINTX-A,  3=XCLKOUT
//	GpioCtrlRegs.GPADIR.bit.GPIO18 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO18 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO18 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-19 - PIN FUNCTION = SPISTE-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO19 = 1;	// 0=GPIO,  1=SPISTE-A,  2=LINRX-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO19 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO19 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO19 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-20 - PIN FUNCTION = EQEPA-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO20 = 1;	// 0=GPIO,  1=EQEPA-1,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO20 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO20 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO20 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-21 - PIN FUNCTION = EQEPB-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO21 = 1;	// 0=GPIO,  1=EQEPB-1,  2=Resv,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO21 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO21 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO21 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-22 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO22 = 0;	// 0=GPIO,  1=EQEPS-1,  2=Resv,  3=LINTX-A
	GpioCtrlRegs.GPADIR.bit.GPIO22 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO22 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO22 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-23 - PIN FUNCTION = EQEPI-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO23 = 1;	// 0=GPIO,  1=EQEPI-1,  2=Resv,  3=LINRX-A
//	GpioCtrlRegs.GPADIR.bit.GPIO23 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO23 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO23 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-24 - PIN FUNCTION = ECAP1
	GpioCtrlRegs.GPAMUX2.bit.GPIO24 = 1;	// 0=GPIO,  1=ECAP1,  2=Resv,  3=SPISIMO-B
	GpioCtrlRegs.GPADIR.bit.GPIO24 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO24 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO24 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-25 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO25 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO25 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO25 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO25 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-26 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO26 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO26 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO26 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO26 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-27 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX2.bit.GPIO27 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO27 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO27 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO27 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-28 - PIN FUNCTION = SCI-RX
	GpioCtrlRegs.GPAMUX2.bit.GPIO28 = 1;	// 0=GPIO,  1=SCIRX-A,  2=I2CSDA-A,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO28 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO28 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO28 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-29 - PIN FUNCTION = SCI-TX
	GpioCtrlRegs.GPAMUX2.bit.GPIO29 = 1;	// 0=GPIO,  1=SCITXD-A,  2=I2CSCL-A,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO29 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO29 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO29 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-30 - PIN FUNCTION = CANRX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO30 = 1;	// 0=GPIO,  1=CANRX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO30 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO30 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO30 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-31 - PIN FUNCTION = CANTX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO31 = 1;	// 0=GPIO,  1=CANTX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO31 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO31 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO31 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-32 - PIN FUNCTION = I2CSDA-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO32 = 1;	// 0=GPIO,  1=I2CSDA-A,  2=SYNCI,  3=ADCSOCA
//	GpioCtrlRegs.GPBDIR.bit.GPIO32 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO32 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO32 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-33 - PIN FUNCTION = I2CSCL-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO33 = 1;	// 0=GPIO,  1=I2CSCL-A,  2=SYNCO,  3=ADCSOCB
//	GpioCtrlRegs.GPBDIR.bit.GPIO33 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO33 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO33 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-34 - PIN FUNCTION = LED3 on controlCARD
	GpioCtrlRegs.GPBMUX1.bit.GPIO34 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO34 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO34 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO34 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
// GPIO 35-38 are defaulted to JTAG usage, and are not shown here to enforce JTAG debug
// usage. 
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-39 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPBMUX1.bit.GPIO39 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO39 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO39 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO39 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-40 - PIN FUNCTION = EPWM7A
	GpioCtrlRegs.GPBMUX1.bit.GPIO40 = 1;	// 0=GPIO,  1=EPWM7A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO40 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO40 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO40 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-41 - PIN FUNCTION = EPWM7B
	GpioCtrlRegs.GPBMUX1.bit.GPIO41 = 1;	// 0=GPIO,  1=EPWM7B,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO41 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO41 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO41 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-42 - PIN FUNCTION = LED2
	GpioCtrlRegs.GPBMUX1.bit.GPIO42 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP1OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO42 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO42 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO42 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-43 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPBMUX1.bit.GPIO43 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP2OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO43 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO43 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO43 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-44 - PIN FUNCTION = LED1
	GpioCtrlRegs.GPBMUX1.bit.GPIO44 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO44 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO44 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO44 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
	EDIS;	// Disable register access
}



//============================================================================
// NOTE:
// IN MOST APPLICATIONS THE FUNCTIONS AFTER THIS POINT CAN BE LEFT UNCHANGED
// THE USER NEED NOT REALLY UNDERSTAND THE BELOW CODE TO SUCCESSFULLY RUN THIS
// APPLICATION.
//============================================================================

void WDogDisable(void)
{
    EALLOW;
    SysCtrlRegs.WDCR= 0x0068;
    EDIS;
}

// This function initializes the PLLCR register.
//void InitPll(Uint16 val, Uint16 clkindiv)
void PLLset(Uint16 val)
{
   volatile Uint16 iVol;

   // Make sure the PLL is not running in limp mode
   if (SysCtrlRegs.PLLSTS.bit.MCLKSTS != 0)
   {
	  EALLOW;
      // OSCCLKSRC1 failure detected. PLL running in limp mode.
      // Re-enable missing clock logic.
      SysCtrlRegs.PLLSTS.bit.MCLKCLR = 1;
      EDIS;
      // Replace this line with a call to an appropriate
      // SystemShutdown(); function.
      asm("        ESTOP0");     // Uncomment for debugging purposes
   }

   // DIVSEL MUST be 0 before PLLCR can be changed from
   // 0x0000. It is set to 0 by an external reset XRSn
   // This puts us in 1/4
   if (SysCtrlRegs.PLLSTS.bit.DIVSEL != 0)
   {
       EALLOW;
       SysCtrlRegs.PLLSTS.bit.DIVSEL = 0;
       EDIS;
   }

   // Change the PLLCR
   if (SysCtrlRegs.PLLCR.bit.DIV != val)
   {

      EALLOW;
      // Before setting PLLCR turn off missing clock detect logic
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 1;
      SysCtrlRegs.PLLCR.bit.DIV = val;
      EDIS;

      // Optional: Wait for PLL to lock.
      // During this time the CPU will switch to OSCCLK/2 until
      // the PLL is stable.  Once the PLL is stable the CPU will
      // switch to the new PLL value.
      //
      // This time-to-lock is monitored by a PLL lock counter.
      //
      // Code is not required to sit and wait for the PLL to lock.
      // However, if the code does anything that is timing critical,
      // and requires the correct clock be locked, then it is best to
      // wait until this switching has completed.

      // Wait for the PLL lock bit to be set.
      // The watchdog should be disabled before this loop, or fed within
      // the loop via ServiceDog().

	  // Uncomment to disable the watchdog
      WDogDisable();

	  while(SysCtrlRegs.PLLSTS.bit.PLLLOCKS != 1) {}

      EALLOW;
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 0;
	  EDIS;
	}

	  //divide down SysClk by 2 to increase stability
	EALLOW;
	SysCtrlRegs.PLLSTS.bit.DIVSEL = 2; 
	EDIS;
}


// This function initializes the PIE control registers to a known state.
//
void PieCntlInit(void)
{
    // Disable Interrupts at the CPU level:
    DINT;

    // Disable the PIE
    PieCtrlRegs.PIECTRL.bit.ENPIE = 0;

	// Clear all PIEIER registers:
	PieCtrlRegs.PIEIER1.all = 0;
	PieCtrlRegs.PIEIER2.all = 0;
	PieCtrlRegs.PIEIER3.all = 0;	
	PieCtrlRegs.PIEIER4.all = 0;
	PieCtrlRegs.PIEIER5.all = 0;
	PieCtrlRegs.PIEIER6.all = 0;
	PieCtrlRegs.PIEIER7.all = 0;
	PieCtrlRegs.PIEIER8.all = 0;
	PieCtrlRegs.PIEIER9.all = 0;
	PieCtrlRegs.PIEIER10.all = 0;
	PieCtrlRegs.PIEIER11.all = 0;
	PieCtrlRegs.PIEIER12.all = 0;

	// Clear all PIEIFR registers:
	PieCtrlRegs.PIEIFR1.all = 0;
	PieCtrlRegs.PIEIFR2.all = 0;
	PieCtrlRegs.PIEIFR3.all = 0;	
	PieCtrlRegs.PIEIFR4.all = 0;
	PieCtrlRegs.PIEIFR5.all = 0;
	PieCtrlRegs.PIEIFR6.all = 0;
	PieCtrlRegs.PIEIFR7.all = 0;
	PieCtrlRegs.PIEIFR8.all = 0;
	PieCtrlRegs.PIEIFR9.all = 0;
	PieCtrlRegs.PIEIFR10.all = 0;
	PieCtrlRegs.PIEIFR11.all = 0;
	PieCtrlRegs.PIEIFR12.all = 0;
}	


void PieVectTableInit(void)
{
	int16 i;
   	PINT *Dest = &PieVectTable.TINT1;

   	EALLOW;
   	for(i=0; i < 115; i++) 
    *Dest++ = &ISR_ILLEGAL;
   	EDIS;
 
   	// Enable the PIE Vector Table
   	PieCtrlRegs.PIECTRL.bit.ENPIE = 1; 	
}

interrupt void ISR_ILLEGAL(void)   // Illegal operation TRAP
{
  // Insert ISR Code here

  // Next two lines for debug only to halt the processor here
  // Remove after inserting ISR Code
  asm("          ESTOP0");
  for(;;);

}

// This function initializes the Flash Control registers

//                   CAUTION
// This function MUST be executed out of RAM. Executing it
// out of OTP/Flash will yield unpredictable results

void InitFlash(void)
{
   EALLOW;
   //Enable Flash Pipeline mode to improve performance
   //of code executed from Flash.
   FlashRegs.FOPT.bit.ENPIPE = 1;

   //                CAUTION
   //Minimum waitstates required for the flash operating
   //at a given CPU rate must be characterized by TI.
   //Refer to the datasheet for the latest information.

   //Set the Paged Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.PAGEWAIT = 3;

   //Set the Random Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.RANDWAIT = 3;

   //Set the Waitstate for the OTP
   FlashRegs.FOTPWAIT.bit.OTPWAIT = 5;

   //                CAUTION
   //ONLY THE DEFAULT VALUE FOR THESE 2 REGISTERS SHOULD BE USED
   FlashRegs.FSTDBYWAIT.bit.STDBYWAIT = 0x01FF;
   FlashRegs.FACTIVEWAIT.bit.ACTIVEWAIT = 0x01FF;
   EDIS;

   //Force a pipeline flush to ensure that the write to
   //the last register configured occurs before returning.

   asm(" RPT #7 || NOP");
}


// This function will copy the specified memory contents from
// one location to another. 
// 
//	Uint16 *SourceAddr        Pointer to the first word to be moved
//                          SourceAddr < SourceEndAddr
//	Uint16* SourceEndAddr     Pointer to the last word to be moved
//	Uint16* DestAddr          Pointer to the first destination word
//
// No checks are made for invalid memory locations or that the
// end address is > then the first start address.

void MemCopy(Uint16 *SourceAddr, Uint16* SourceEndAddr, Uint16* DestAddr)
{
    while(SourceAddr < SourceEndAddr)
    { 
       *DestAddr++ = *SourceAddr++;
    }
    return;
}
	
//===========================================================================
// End of file.
//===========================================================================
















Appendix A/HVPM_Sensored/HVPM_Sensored.c

/* ==============================================================================
System Name:  	HVPM_Sensored

File Name:	  	HVPM_Sensored.C

Description:	Primary system file for the FOC control using BLDC motor. To use the file, select desired speed SpeedRef
 	 	 	 	and choose EnableFlag = 0 to start the aligning of the motor.
 	 	 	 	Choose lsw = 0 or lsw = 1 to start the motor, depending on if speed-loop is desired
=================================================================================  */

// Include header files used in the main function

#include "PeripheralHeaderIncludes.h"
#define   MATH_TYPE      IQ_MATH
#include "IQmathLib.h"
#include "HVPM_Sensored.h"
#include "HVPM_Sensored-Settings.h"
#include <math.h>

#ifdef FLASH
#pragma CODE_SECTION(MainISR,"ramfuncs");
#pragma CODE_SECTION(OffsetISR,"ramfuncs");
#endif

// Prototype statements for functions found within this file.
interrupt void MainISR(void);
interrupt void OffsetISR(void);
void DeviceInit();
void MemCopy();
void InitFlash();
void HVDMC_Protection(void);

// State Machine function prototypes
//------------------------------------
// Alpha states
void A0(void);	//state A0
void B0(void);	//state B0
void C0(void);	//state C0

// A branch states
void A1(void);	//state A1
void A2(void);	//state A2
void A3(void);	//state A3

// B branch states
void B1(void);	//state B1
void B2(void);	//state B2
void B3(void);	//state B3

// C branch states
void C1(void);	//state C1
void C2(void);	//state C2
void C3(void);	//state C3

// Variable declarations
void (*Alpha_State_Ptr)(void);	// Base States pointer
void (*A_Task_Ptr)(void);		// State pointer A branch
void (*B_Task_Ptr)(void);		// State pointer B branch
void (*C_Task_Ptr)(void);		// State pointer C branch

// Used for running BackGround in flash, and ISR in RAM
extern Uint16 *RamfuncsLoadStart, *RamfuncsLoadEnd, *RamfuncsRunStart;


int16	VTimer0[4];			// Virtual Timers slaved off CPU Timer 0 (A events)
int16	VTimer1[4]; 		// Virtual Timers slaved off CPU Timer 1 (B events)
int16	VTimer2[4]; 		// Virtual Timers slaved off CPU Timer 2 (C events)
int16	SerialCommsTimer;

// Global variables used in this system

Uint16 OffsetFlag=0; 
_iq offsetA=0;
_iq offsetB=0;
_iq offsetC=0;
_iq K1=_IQ(0.998);		//Offset filter coefficient K1: 0.05/(T+0.05);
_iq K2=_IQ(0.001999);	//Offset filter coefficient K2: T/(T+0.05);
extern _iq IQsinTable[];
extern _iq IQcosTable[];






_iq VdTesting = _IQ(0.0);			// Vd reference (pu)
_iq VqTesting = _IQ(0.4);			// Vq reference (pu)
_iq IdRef = _IQ(0);				// Id reference (pu)
_iq IqRef = _IQ(0.1);				// Iq reference (pu)


#if (BUILDLEVEL<LEVEL3)             // Speed reference (pu)
_iq  SpeedRef = _IQ(0.15);          // For Open Loop tests
#else
_iq  SpeedRef = _IQ(0.25);           // For Closed Loop tests
#endif


Uint32 TotalRounds = 0;
Uint32 DesiredRounds = 0x044B;
float32 T = 0.001/ISR_FREQUENCY;    // Samping period (sec), see parameter.h 

Uint32 IsrTicker = 0;
Uint16 BackTicker = 0;
Uint16 lsw=0;
Uint16 TripFlagDMC=0;				//Trip status 
Uint16 Init_IFlag=0;

// Default ADC initialization 
int ChSel[16]   = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
int	TrigSel[16] = {5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5};
int ACQPS[16]   = {8,8,8,8,8,8,8,8,8,8,8,8,8,8,8,8};

int16 DlogCh1 = 0;
int16 DlogCh2 = 0;
int16 DlogCh3 = 0;
int16 DlogCh4 = 0; 


volatile Uint16 EnableFlag = FALSE;
Uint16 LockRotorFlag = FALSE;

Uint16 SpeedLoopPrescaler = 10;      // Speed loop prescaler
Uint16 SpeedLoopCount = 1;           // Speed loop counter


// Instance a few transform objects
CLARKE clarke1 = CLARKE_DEFAULTS;
PARK park1 = PARK_DEFAULTS;
IPARK ipark1 = IPARK_DEFAULTS;

// Instance PI regulators to regulate the d and q  axis currents, and speed
PI_CONTROLLER pi_spd = PI_CONTROLLER_DEFAULTS;
PI_CONTROLLER pi_id  = PI_CONTROLLER_DEFAULTS;
PI_CONTROLLER pi_iq  = PI_CONTROLLER_DEFAULTS;

// Instance a PWM driver instance
PWMGEN pwm1 = PWMGEN_DEFAULTS;

// Instance a PWM DAC driver instance
PWMDAC pwmdac1 = PWMDAC_DEFAULTS;

// Instance a Space Vector PWM modulator. This modulator generates a, b and c
// phases based on the d and q stationery reference frame inputs
SVGEN svgen1 = SVGEN_DEFAULTS;

// Instance a ramp controller to smoothly ramp the frequency
RMPCNTL rc1 = RMPCNTL_DEFAULTS;

//	Instance a ramp generator to simulate an Anglele
RAMPGEN rg1 = RAMPGEN_DEFAULTS;

// Instance a speed calculator based on QEP
SPEED_MEAS_QEP speed1 = SPEED_MEAS_QEP_DEFAULTS;

// Instance a QEP interface driver 
QEP qep1 = QEP_DEFAULTS; 

// Create an instance of DATALOG Module
DLOG_4CH dlog = DLOG_4CH_DEFAULTS;      



void main(void)
{
	
	DeviceInit();	// Device Life support & GPIO		

// Only used if running from FLASH
// Note that the variable FLASH is defined by the compiler

#ifdef FLASH
// Copy time critical code and Flash setup code to RAM
// The  RamfuncsLoadStart, RamfuncsLoadEnd, and RamfuncsRunStart
// symbols are created by the linker. Refer to the linker files. 
	MemCopy(&RamfuncsLoadStart, &RamfuncsLoadEnd, &RamfuncsRunStart);

// Call Flash Initialization to setup flash waitstates
// This function must reside in RAM
	InitFlash();	// Call the flash wrapper init function
#endif //(FLASH)

   // Waiting for enable flag set
   while (EnableFlag==FALSE) 
    { 
      BackTicker++;
    }

// Timing sync for background loops 
// Timer period definitions found in device specific PeripheralHeaderIncludes.h
	CpuTimer0Regs.PRD.all =  mSec1;		// A tasks
	CpuTimer1Regs.PRD.all =  mSec5;		// B tasks
	CpuTimer2Regs.PRD.all =  mSec50;	// C tasks

// Tasks State-machine init
	Alpha_State_Ptr = &A0;
	A_Task_Ptr = &A1;
	B_Task_Ptr = &B1;
	C_Task_Ptr = &C1;

// Initialize PWM module	    
    pwm1.PeriodMax = SYSTEM_FREQUENCY*1000000*T/2;  // Prescaler X1 (T1), ISR period = T x 1
    pwm1.HalfPerMax=pwm1.PeriodMax/2;
    pwm1.Deadband  = 2.0*SYSTEM_FREQUENCY;     	    // 120 counts -> 2.0 usec for TBCLK = SYSCLK/1
    PWM_INIT_MACRO(1,2,3,pwm1)
    
// Initialize PWMDAC module
	pwmdac1.PeriodMax=500;		   	// @60Mhz, 1500->20kHz, 1000-> 30kHz, 500->60kHz
	pwmdac1.HalfPerMax=pwmdac1.PeriodMax/2;
	PWMDAC_INIT_MACRO(6,pwmdac1) 	// PWM 6A,6B
	PWMDAC_INIT_MACRO(7,pwmdac1) 	// PWM 7A,7B 

// Initialize DATALOG module
    dlog.iptr1 = &DlogCh1;
    dlog.iptr2 = &DlogCh2;
	dlog.iptr3 = &DlogCh3;
    dlog.iptr4 = &DlogCh4;
    dlog.trig_value = 0x1;
    dlog.size = 0x0c8;
    dlog.prescalar = 5;
    dlog.init(&dlog);


// Initialize ADC for DMC Kit Rev 1.1 	 
	ChSel[0]=1;		// Dummy meas. avoid 1st sample issue Rev0 Picollo*/
	ChSel[1]=1;		// ChSelect: ADC A1-> Phase A Current 
	ChSel[2]=9;		// ChSelect: ADC B1-> Phase B Current 
	ChSel[3]=3;		// ChSelect: ADC A3-> Phase C Current
	ChSel[4]=15;	// ChSelect: ADC B7-> Phase A Voltage
	ChSel[5]=14;	// ChSelect: ADC B6-> Phase B Voltage
	ChSel[6]=12;	// ChSelect: ADC B4-> Phase C Voltage
	ChSel[7]=7;		// ChSelect: ADC A7-> DC Bus  Voltage
    
	ADC_MACRO_INIT(ChSel,TrigSel,ACQPS)

// Initialize QEP module
    qep1.LineEncoder = 500;
    qep1.MechScaler = _IQ30(0.25/qep1.LineEncoder);
    qep1.PolePairs = POLES/2;
    qep1.CalibratedAngle = 1000;
    QEP_INIT_MACRO(1,qep1)

// Initialize the Speed module for QEP based speed calculation
    speed1.K1 = _IQ21(1/(BASE_FREQ*T));
    speed1.K2 = _IQ(1/(1+T*2*PI*5));  // Low-pass cut-off frequency
    speed1.K3 = _IQ(1)-speed1.K2;
    speed1.BaseRpm = 120*(BASE_FREQ/POLES);

// Initialize the RAMPGEN module
    rg1.StepAngleMax = _IQ(BASE_FREQ*T); 
    
// Initialize the PI module for Id
    pi_spd.Kp=_IQ(1);
	pi_spd.Ki=_IQ(T*SpeedLoopPrescaler/0.4);///0.2

	pi_spd.Umax =_IQ(0.95);
	pi_spd.Umin =_IQ(-0.95);
	
// Initialize the PI module for Iq	
	pi_id.Kp=_IQ(1.0);
	pi_id.Ki=_IQ(T/0.08);
	pi_id.Umax =_IQ(0.80);
	pi_id.Umin =_IQ(-0.80);
	
// Initialize the PI module for speed
	pi_iq.Kp=_IQ(1.0);
	pi_iq.Ki=_IQ(T/0.08);
	pi_iq.Umax =_IQ(0.8);
	pi_iq.Umin =_IQ(-0.8);

//  Note that the vectorial sum of d-q PI outputs should be less than 1.0 which refers to maximum duty cycle for SVGEN.
//  Another duty cycle limiting factor is current sense through shunt resistors which depends on hardware/software implementation.
//  Depending on the application requirements 3,2 or a single shunt resistor can be used for current waveform reconstruction.
//  The higher number of shunt resistors allow the higher duty cycle operation and better dc bus utilization.   	
//  The users should adjust the PI saturation levels carefully during open loop tests (i.e pi_id.Umax, pi_iq.Umax and Umins) as in project manuals. 
//  Violation of this procedure yields distorted current waveforms and unstable closed loop operations which may damage the inverter. 

//Call HVDMC Protection function
	HVDMC_Protection();	

// Reassign ISRs. 

	EALLOW;	// This is needed to write to EALLOW protected registers

	PieVectTable.ADCINT1 = &OffsetISR;
	
// Enable PIE group 1 interrupt 1 for ADC1_INT
	PieCtrlRegs.PIEIER1.bit.INTx1 = 1;

// Enable EOC interrupt(after the 4th conversion) 

	AdcRegs.ADCINTOVFCLR.bit.ADCINT1=1;
	AdcRegs.ADCINTFLGCLR.bit.ADCINT1=1;
	AdcRegs.INTSEL1N2.bit.INT1CONT=1;  //
	AdcRegs.INTSEL1N2.bit.INT1SEL=4;
	AdcRegs.INTSEL1N2.bit.INT1E=1;
	
// Enable CPU INT1 for ADC1_INT:
	IER |= M_INT1;
	
// Enable global Interrupts and higher priority real-time debug events:
	EINT;   // Enable Global interrupt INTM
	ERTM;	// Enable Global realtime interrupt DBGM
	
	EDIS;
	


// IDLE loop. Just sit and loop forever:	
	for(;;)  //infinite loop
	{
		// State machine entry & exit point
		//===========================================================
		(*Alpha_State_Ptr)();	// jump to an Alpha state (A0,B0,...)
		//===========================================================

	}
} //END MAIN CODE



//=================================================================================
//	STATE-MACHINE SEQUENCING AND SYNCRONIZATION FOR SLOW BACKGROUND TASKS
//=================================================================================

//--------------------------------- FRAMEWORK -------------------------------------
void A0(void)
{
	// loop rate synchronizer for A-tasks
	if(CpuTimer0Regs.TCR.bit.TIF == 1)
	{
		CpuTimer0Regs.TCR.bit.TIF = 1;	// clear flag

		//-----------------------------------------------------------
		(*A_Task_Ptr)();		// jump to an A Task (A1,A2,A3,...)
		//-----------------------------------------------------------

		VTimer0[0]++;			// virtual timer 0, instance 0 (spare)
		SerialCommsTimer++;
	}

	Alpha_State_Ptr = &B0;		// Comment out to allow only A tasks
}

void B0(void)
{
	// loop rate synchronizer for B-tasks
	if(CpuTimer1Regs.TCR.bit.TIF == 1)
	{
		CpuTimer1Regs.TCR.bit.TIF = 1;				// clear flag

		//-----------------------------------------------------------
		(*B_Task_Ptr)();		// jump to a B Task (B1,B2,B3,...)
		//-----------------------------------------------------------
		VTimer1[0]++;			// virtual timer 1, instance 0 (spare)
	}

	Alpha_State_Ptr = &C0;		// Allow C state tasks
}

void C0(void)
{
	// loop rate synchronizer for C-tasks
	if(CpuTimer2Regs.TCR.bit.TIF == 1)
	{
		CpuTimer2Regs.TCR.bit.TIF = 1;				// clear flag

		//-----------------------------------------------------------
		(*C_Task_Ptr)();		// jump to a C Task (C1,C2,C3,...)
		//-----------------------------------------------------------
		VTimer2[0]++;			//virtual timer 2, instance 0 (spare)
	}

	Alpha_State_Ptr = &A0;	// Back to State A0
}


//=================================================================================
//	A - TASKS (executed in every 1 msec)
//=================================================================================
//--------------------------------------------------------
void A1(void) // SPARE (not used)
//--------------------------------------------------------
{
		if(EPwm1Regs.TZFLG.bit.OST==0x1)
	    TripFlagDMC=1;      // Trip on DMC (halt and IPM fault trip )
	
	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A2
	A_Task_Ptr = &A2;
	//-------------------
}

//-----------------------------------------------------------------
void A2(void) // SPARE (not used)
//-----------------------------------------------------------------
{	

	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A3
	A_Task_Ptr = &A3;
	//-------------------
}

//-----------------------------------------
void A3(void) // SPARE (not used)
//-----------------------------------------
{

	//-----------------
	//the next time CpuTimer0 'counter' reaches Period value go to A1
	A_Task_Ptr = &A1;
	//-----------------
}



//=================================================================================
//	B - TASKS (executed in every 5 msec)
//=================================================================================

//----------------------------------- USER ----------------------------------------

//----------------------------------------
void B1(void) // Toggle GPIO-00
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B2
	B_Task_Ptr = &B2;	
	//-----------------
}

//----------------------------------------
void B2(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B3
	B_Task_Ptr = &B3;
	//-----------------
}

//----------------------------------------
void B3(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B1
	B_Task_Ptr = &B1;	
	//-----------------
}


//=================================================================================
//	C - TASKS (executed in every 50 msec)
//=================================================================================

//--------------------------------- USER ------------------------------------------

//----------------------------------------
void C1(void) 	// Toggle GPIO-34 
//----------------------------------------
{

	if(EPwm1Regs.TZFLG.bit.OST==0x1)			// TripZ for PWMs is low (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO42 = 1;
	  }	
	 
	if(GpioDataRegs.GPADAT.bit.GPIO15 == 1)		// Over Current Prot. for Integrated Power Module is high (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO44 = 1;
	  }		
	 	  
	GpioDataRegs.GPBTOGGLE.bit.GPIO34 = 1;	   // Turn on/off LD3 on the controlCARD
	//-----------------
	//the next time CpuTimer2 'counter' reaches Period value go to C2
	C_Task_Ptr = &C2;	
	//-----------------

}

//----------------------------------------
void C2(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer2 'counter' reaches Period value go to C3
	C_Task_Ptr = &C3;	
	//-----------------
}


//-----------------------------------------
void C3(void) //  SPARE
//-----------------------------------------
{

	//-----------------
	//the next time CpuTimer2 'counter' reaches Period value go to C1
	C_Task_Ptr = &C1;	
	//-----------------
}




// MainISR 
interrupt void MainISR(void)
{

// Verifying the ISR
    IsrTicker++;
// This buildlevel was made to verify the open-loop and stand-alone speed-loop
#if (BUILDLEVEL==LEVEL0)
    // ------------------------------------------------------------------------------
    //  Connect inputs of the RMP module and call the ramp control macro
    // ------------------------------------------------------------------------------
    if(lsw==0)
    	rc1.TargetValue = 0;
    else
    	{
    	 if (TotalRounds >= DesiredRounds)
    	    {
    	    	rc1.TargetValue = 0;
    	    	rc1.RampDelayMax = 2;

    	    }
    	    else if (TotalRounds >= 0.90*DesiredRounds)
    	    {
    	    	rc1.RampDelayMax = 1;
    	    	rc1.TargetValue = SpeedRef*0.1;
    	    }
    	    else
    	    	rc1.TargetValue = SpeedRef;

    	}
    	RC_MACRO(rc1)

        pi_spd.Ref = rc1.SetpointValue;
        pi_spd.Fbk = speed1.Speed;
        PI_MACRO(pi_spd);

        if(lsw == 1)
        	rg1.Freq = rc1.SetpointValue;
        else if (lsw == 2)
        	rg1.Freq = pi_spd.Out;
    	RG_MACRO(rg1)
    // ------------------------------------------------------------------------------
    //  Measure phase currents, subtract the offset and normalize from (-0.5,+0.5) to (-1,+1).
    //	Connect inputs of the CLARKE module and call the clarke transformation macro
    // ------------------------------------------------------------------------------
    	clarke1.As = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT1)-offsetA); // Phase A curr.
    	clarke1.Bs = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT2)-offsetB); // Phase B curr.
    	CLARKE_MACRO(clarke1)

    // ------------------------------------------------------------------------------
    //  Connect inputs of the PARK module and call the park trans. macro
    // ------------------------------------------------------------------------------
    //	park1.Alpha = clarke1.Alpha;
    	if(lsw==0)
    		park1.Angle = 0;
    	else if(lsw==1)
    		park1.Angle = rg1.Out;
    	else
    		park1.Angle = qep1.ElecTheta;//rg1.Out;//qep1.ElecTheta;

    	park1.Sine = _IQsinPU(park1.Angle);
    	park1.Cosine = _IQcosPU(park1.Angle);
    	PARK_MACRO(park1)

    // ------------------------------------------------------------------------------
    //	Connect inputs of the INV_PARK module and call the inverse park trans. macro
    // ------------------------------------------------------------------------------
        ipark1.Ds = VdTesting;
        ipark1.Qs = VqTesting;
    	ipark1.Sine=park1.Sine;
        ipark1.Cosine=park1.Cosine;
    	IPARK_MACRO(ipark1)

    // ------------------------------------------------------------------------------
    //  Connect inputs of the SVGEN_DQ module and call the space-vector gen. macro
    // ------------------------------------------------------------------------------
      	svgen1.Ualpha = ipark1.Alpha;
     	svgen1.Ubeta  = ipark1.Beta;
    	SVGENDQ_MACRO(svgen1)

    // ------------------------------------------------------------------------------
    //  Connect inputs of the PWM_DRV module and call the PWM signal generation macro
    // ------------------------------------------------------------------------------
        pwm1.MfuncC1 = svgen1.Ta;
        pwm1.MfuncC2 = svgen1.Tb;
        pwm1.MfuncC3 = svgen1.Tc;
    	PWM_MACRO(1,2,3,pwm1)							// Calculate the new PWM compare values

    // ------------------------------------------------------------------------------
    //  Connect inputs of the PWMDAC module
    // ------------------------------------------------------------------------------
    	pwmdac1.MfuncC1 = clarke1.As;
        pwmdac1.MfuncC2 = clarke1.Bs;
        PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B

        pwmdac1.MfuncC1 = svgen1.Tc;
        pwmdac1.MfuncC2 = svgen1.Tb-svgen1.Tc;
    	PWMDAC_MACRO(7,pwmdac1)

        // ------------------------------------------------------------------------------
        //    Detect calibration angle (optional) and call the QEP module
        // ------------------------------------------------------------------------------
        	if (lsw==0) {EQep1Regs.QPOSCNT=0; EQep1Regs.QCLR.bit.IEL = 1;} // Reset position cnt.

        	if ((EQep1Regs.QFLG.bit.IEL==1) && Init_IFlag==0)			   // Check the first index occurrence
        	   {qep1.CalibratedAngle= EQep1Regs.QPOSILAT; Init_IFlag++;}   // Keep the latched position

            if (lsw!=0) QEP_MACRO(1,qep1);

        // ------------------------------------------------------------------------------
        //    Connect inputs of the SPEED_FR module and call the speed calculation macro
        // ------------------------------------------------------------------------------
            speed1.ElecTheta = _IQ24toIQ((int32)qep1.ElecTheta);
            speed1.DirectionQep = (int32)(qep1.DirectionQep);
            SPEED_FR_MACRO(speed1)
#endif // (BUILDLEVEL==LEVEL3)

// =============================== LEVEL 1 ======================================
//	  Level 1 verifies the speed regulator performed by PI module.
//	  The system speed loop is closed by using the measured speed as a feedback.
// ==============================================================================  
//	  lsw=0: lock the rotor of the motor, 
//	  lsw=1: close the current loop, 
//	  lsw=2: close the speed loop (sensored FOC).


#if (BUILDLEVEL==LEVEL1)

// ------------------------------------------------------------------------------
//  Connect inputs of the RMP module and call the ramp control macro
// ------------------------------------------------------------------------------ 
        if(lsw==0)
        {
           	rc1.TargetValue = 0;
           	qep1.Revolutions = 0;
        }
           else
           	{
        	   if (TotalRounds >= 0.60*DesiredRounds && TotalRounds < 0.90*DesiredRounds)
        	    {
        		   rc1.RampDelayMax = 5;
        	    	rc1.TargetValue = SpeedRef*0.2;
        	    }
           	    else if (TotalRounds >= 0.90*DesiredRounds)
           	    {
           	    	rc1.RampDelayMax = 3;
           	    	rc1.TargetValue = SpeedRef*0.1;
           	    }
           	    else
           	    	rc1.TargetValue = SpeedRef;

           	}
	RC_MACRO(rc1)

// ------------------------------------------------------------------------------
//  Connect inputs of the RAMP GEN module and call the ramp generator macro
// ------------------------------------------------------------------------------
    rg1.Freq = rc1.SetpointValue;
	RG_MACRO(rg1)  

// ------------------------------------------------------------------------------
//  Measure phase currents, subtract the offset and normalize from (-0.5,+0.5) to (-1,+1). 
//	Connect inputs of the CLARKE module and call the clarke transformation macro
// ------------------------------------------------------------------------------
	clarke1.As = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT1)-offsetA); // Phase A curr.
	clarke1.Bs = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT2)-offsetB); // Phase B curr.	
	CLARKE_MACRO(clarke1) 

// ------------------------------------------------------------------------------
//  Connect inputs of the PARK module and call the park trans. macro
// ------------------------------------------------------------------------------  
	park1.Alpha = clarke1.Alpha;
	park1.Beta = clarke1.Beta;
	
	if(lsw==0)
		park1.Angle = 0;
	else if(lsw==1)
		park1.Angle = rg1.Out;
	else
		park1.Angle = qep1.ElecTheta;//rg1.Out;//qep1.ElecTheta;
	
	park1.Sine = _IQsinPU(park1.Angle);
	park1.Cosine = _IQcosPU(park1.Angle);
	
	PARK_MACRO(park1) 

// ------------------------------------------------------------------------------
//    Connect inputs of the PI module and call the PID speed controller macro
// ------------------------------------------------------------------------------  
   if (SpeedLoopCount==SpeedLoopPrescaler)
     {
      pi_spd.Ref = rc1.SetpointValue;
      pi_spd.Fbk = speed1.Speed;
	  PI_MACRO(pi_spd);
      SpeedLoopCount=1;
     }
	else SpeedLoopCount++;   

	if(lsw!=2)
	{
		pi_spd.ui=0;
		pi_spd.i1=0;
	}

// ------------------------------------------------------------------------------
//    Connect inputs of the PI module and call the PID IQ controller macro
// ------------------------------------------------------------------------------  
	if(lsw==0)
		pi_iq.Ref = 0;
    else if(lsw==1)
    	pi_iq.Ref = IqRef;
    else
    	pi_iq.Ref =  pi_spd.Out;

	pi_iq.Fbk = park1.Qs;
	PI_MACRO(pi_iq) 

// ------------------------------------------------------------------------------
//    Connect inputs of the PI module and call the PID ID controller macro
// ------------------------------------------------------------------------------  
	if(lsw==0) pi_id.Ref = _IQ(0.05);
    else pi_id.Ref = IdRef; 
	pi_id.Fbk = park1.Ds;
	PI_MACRO(pi_id) 

// ------------------------------------------------------------------------------
//  Connect inputs of the INV_PARK module and call the inverse park trans. macro
// ------------------------------------------------------------------------------   
	if (TotalRounds >= DesiredRounds)
	{
	    ipark1.Ds = 0;
	    ipark1.Qs = 0;
	}
	else
	{
    ipark1.Ds = pi_id.Out;
    ipark1.Qs = pi_iq.Out;
	}
	ipark1.Sine=park1.Sine;
    ipark1.Cosine=park1.Cosine;
	IPARK_MACRO(ipark1) 

// ------------------------------------------------------------------------------
//    Detect calibration angle (optional) and call the QEP module 
// ------------------------------------------------------------------------------
	if (lsw==0) {EQep1Regs.QPOSCNT=0; EQep1Regs.QCLR.bit.IEL = 1;} // Reset position cnt.

	if ((EQep1Regs.QFLG.bit.IEL==1) && Init_IFlag==0)			   // Check the first index occurrence
	   {qep1.CalibratedAngle= EQep1Regs.QPOSILAT; Init_IFlag++;}   // Keep the latched position

    if (lsw!=0)
    	QEP_MACRO(1,qep1);
    TotalRounds = qep1.Revolutions/2;
// ------------------------------------------------------------------------------
//    Connect inputs of the SPEED_FR module and call the speed calculation macro 
// ------------------------------------------------------------------------------
    speed1.ElecTheta = _IQ24toIQ((int32)qep1.ElecTheta);
    speed1.DirectionQep = (int32)(qep1.DirectionQep);
    SPEED_FR_MACRO(speed1)

// ------------------------------------------------------------------------------
//  Connect inputs of the SVGEN_DQ module and call the space-vector gen. macro
// ------------------------------------------------------------------------------
  	svgen1.Ualpha = ipark1.Alpha;
 	svgen1.Ubeta  = ipark1.Beta;	
	SVGENDQ_MACRO(svgen1)  
// ------------------------------------------------------------------------------
//  Connect inputs of the PWM_DRV module and call the PWM signal generation macro
// ------------------------------------------------------------------------------
    pwm1.MfuncC1 = svgen1.Ta;  
    pwm1.MfuncC2 = svgen1.Tb;   
    pwm1.MfuncC3 = svgen1.Tc; 
	PWM_MACRO(1,2,3,pwm1)							// Calculate the new PWM compare values	

// ------------------------------------------------------------------------------
//    Connect inputs of the PWMDAC module 
// ------------------------------------------------------------------------------	
	pwmdac1.MfuncC1 = clarke1.As ;
    pwmdac1.MfuncC2 = clarke1.Bs ;
    PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B
    
    pwmdac1.MfuncC1 = ipark1.Alpha ;
    pwmdac1.MfuncC2 = ipark1.Beta;
	PWMDAC_MACRO(7,pwmdac1)

#endif // (BUILDLEVEL==LEVEL4) 



// ------------------------------------------------------------------------------
//    Call the DATALOG update function.
// ------------------------------------------------------------------------------
    dlog.update(&dlog);


// Enable more interrupts from this timer
	AdcRegs.ADCINTFLG.bit.ADCINT1=1;

// Acknowledge interrupt to recieve more interrupts from PIE group 3
	PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;


}// MainISR Ends Here



/**********************************************************/
/********************Offset Compensation*******************/  
/**********************************************************/

interrupt void OffsetISR(void)
{
// Verifying the ISR
    IsrTicker++;
    
// DC offset measurement for ADC 

    if (IsrTicker>=5000)
    	{	
    		offsetA= _IQmpy(K1,offsetA)+_IQmpy(K2,_IQ12toIQ(AdcResult.ADCRESULT1)); 		//Phase A offset
    		offsetB= _IQmpy(K1,offsetB)+_IQmpy(K2,_IQ12toIQ(AdcResult.ADCRESULT2));			//Phase B offset
    		offsetC= _IQmpy(K1,offsetC)+_IQmpy(K2,_IQ12toIQ(AdcResult.ADCRESULT3));			//Phase C offset
    	}

	if (IsrTicker > 20000)
	{
		EALLOW;
		PieVectTable.ADCINT1=&MainISR;		
		EDIS;
	}
    
// Enable more interrupts from this timer
	AdcRegs.ADCINTFLG.bit.ADCINT1=1;
	
// Acknowledge interrupt to recieve more interrupts from PIE group 1
	PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;

}

//*************** End of Offset Comp. ********************//


/**********************************************************/
/***************Protection Configuration*******************/  
/**********************************************************/

void HVDMC_Protection(void)
{

// Configure Trip Mechanism for the Motor control software
// -Cycle by cycle trip on CPU halt
// -One shot IPM trip zone trip 
// These trips need to be repeated for EPWM1 ,2 & 3

//===========================================================================
//Motor Control Trip Config, EPwm1,2,3
//===========================================================================
      EALLOW;
// CPU Halt Trip  
      EPwm1Regs.TZSEL.bit.CBC6=0x1;
      EPwm2Regs.TZSEL.bit.CBC6=0x1;
      EPwm3Regs.TZSEL.bit.CBC6=0x1;
      
      
      EPwm1Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT  
      EPwm2Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT      
      EPwm3Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT

// What do we want the OST/CBC events to do?
// TZA events can force EPWMxA
// TZB events can force EPWMxB

      EPwm1Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm1Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm2Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm2Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm3Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm3Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      
      EDIS;

     // Clear any spurious OV trip
      EPwm1Regs.TZCLR.bit.OST = 1;
      EPwm2Regs.TZCLR.bit.OST = 1;
      EPwm3Regs.TZCLR.bit.OST = 1;  
      
//************************** End of Prot. Conf. ***************************//
}

//===========================================================================
// No more.
//===========================================================================







Appendix A/BLDC_Testing/DLOG4CHC.asm

;==============================================================================
; File name     : DLOG4CHC.ASM                     
;                    
; Originator    : Advanced Embeeded Control (AEC)
;                 Texas Instruments Inc.
;
; Description   : 4-Channel Data logging module
;
; Date          : 02/01/2002 (DD/MM/YYYY)
;==============================================================================
; Routine Name: data_log_update                                
;  
; C prototype : void DLOG_4CH_update(DLOG_4CH_handle);
;               void DLOG_4CH_init(DLOG_4CH_handle);
;
; The struct object is defined in the header file "dlog_4ch.h" as follows:
;
; typedef struct { 
;       long task;           /* Variable: Task address pointer          */
;       int  *iptr1;         /* Input: First input pointer (Q15)        */    
;       int  *iptr2;         /* Input: Second input pointer (Q15)       */        
;       int  *iptr3;         /* Input: Third input pointer (Q15)        */
;       int  *iptr4;         /* Input: Fourth input pointer (Q15)       */ 
;       int  trig_value;     /* Input: Trigger point (Q15)              */           
;       int  prescalar;      /* Parameter: Data log prescale            */
;       int  skip_cntr;      /* Variable: Data log skip counter         */                 
;       int  cntr;           /* Variable: Data log counter              */
;       long write_ptr;      /* Variable: Graph address pointer         */
;       int  size;           /* Parameter: Maximum data DLOG_4CH_buffer */
;       int  (*init)();      /* Pointer to init function                */
;       int  (*update)();    /* Pointer to update function              */ 
;       } DLOG_4CH;                            

;==============================================================================

; External Reference
                .def  _DLOG_4CH_update 
                .def  _DLOG_4CH_init

; Data log buffer definition
BUFF_SIZE       .set  0190h
                
DLOG_4CH_buff1      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff2      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff3      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff4      .usect "DLOG", BUFF_SIZE
                

;==============================================================================
; Initialization Function
;==============================================================================

_DLOG_4CH_init:                                     
        MOVL    XAR5,#POS_TRIG_S1
        MOVL    *XAR4,XAR5          ; task=#POS_TRIG_S1 
        ADDB    XAR4,#10            ; XAR4->trig_value
        
        MOV     *+XAR4[2],#0

        MOVL    XAR5,#DLOG_4CH_buff1
        MOVL    *+XAR4[4],XAR5      ; write_ptr=DLOG_4CH_buff1
               
        
        MOV     AL,*+XAR4[6]        ; ACC=size
        MOV     *+XAR4[3],AL        ; cntr=size
        LRETR
            
;==============================================================================
; Datalog Update Function
;==============================================================================

_DLOG_4CH_update:   
        SETC    SXM
        MOVL    XAR5,XAR4           ; XAR4->task
        MOVL    XAR7,*XAR4++        ; XAR4->iptr1, XAR7=task            
        ADDB    XAR5,#10            ; XAR5->trig_value
        LB      *XAR7               ; Branch to TASK    
        
POS_TRIG_S1:
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,LEQ         ; Exit if ACC <= 0 
                                         
        MOVL    XAR6,#POS_TRIG_S2   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
POS_TRIG_S2:                    
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,GEQ         ; Exit if ACC >= 0 
                                                    
        MOVL    XAR6,#DL_TRIGGERED   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
DL_TRIGGERED:                                   
        INC     *+XAR5[2]           ; skip_cntr=skip_cntr+1
        MOV     ACC,*+XAR5[2]       ; ACC=skip_cntr
        SUB     ACC,*+XAR5[1]       ; ACC=skip_cntr-prescalar
        SBF     DL_EXIT,NEQ         ; if (skip_cntr+1) < prescalar, then exit
        
        MOV     *+XAR5[2],#0        ; skip_cntr=0   
        MOV     ACC,*+XAR5[3]       ; ACC=cntr
        SBF     DLOG_END,EQ 
                        
        DEC     *+XAR5[3]           ; cntr=cntr-1
        ADDB    XAR5,#4             ; XAR5->write_ptr

        MOVL    XAR6,*XAR5          ; XAR6=write_ptr
        ADDB    XAR6,#1             ; XAR6=write_ptr+1
        MOVL    *XAR5,XAR6          ; write_ptr=write_ptr + 1
        SUBB    XAR6,#1             ; XAR6=write_ptr

        MOV     AR0,#BUFF_SIZE      ; AR0=BUFF_SIZE 
        
                                
; Log sample pointed by IPTR1       
        MOVL    XAR7,*XAR4++        ; XAR7=iptr1
        MOV     AL,*XAR7            ; AL=*iptr1
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr1, XAR6=write_ptr+size

; Log sample pointed by IPTR2           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr2
        MOV     AL,*XAR7            ; AL=*iptr2
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr2, XAR6=write_ptr+size

; Log sample pointed by IPTR3                           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr3
        MOV     AL,*XAR7            ; AL=*iptr3
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr3, XAR6=write_ptr+size

; Log sample pointed by IPTR4                   
        MOVL    XAR7,*XAR4++        ; XAR7=iptr4
        MOV     AL,*XAR7            ; AL=*iptr4
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr4, XAR6=write_ptr+size
        LRETR

; Reinitialise the module to log the data when the logging is triggered next
        
DLOG_END: 

        MOVL    XAR6,#DLOG_4CH_buff1
        MOVL    *+XAR5[4],XAR6      ; write_ptr=DLOG_4CH_buff1
               
        MOVL    XAR6,#POS_TRIG_S1   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2

        MOV     AL,*+XAR5[6]        ; ACC=size
        MOV     *+XAR5[3],AL        ; cntr=size
      
DL_EXIT:        
        LRETR   








Appendix A/HVPM_Sensored/DLOG4CHC.asm

;==============================================================================
; File name     : DLOG4CHC.ASM                     
;                    
; Originator    : Advanced Embeeded Control (AEC)
;                 Texas Instruments Inc.
;
; Description   : 4-Channel Data logging module
;
; Date          : 02/01/2002 (DD/MM/YYYY)
;==============================================================================
; Routine Name: data_log_update                                
;  
; C prototype : void DLOG_4CH_update(DLOG_4CH_handle);
;               void DLOG_4CH_init(DLOG_4CH_handle);
;
; The struct object is defined in the header file "dlog_4ch.h" as follows:
;
; typedef struct { 
;       long task;           /* Variable: Task address pointer          */
;       int  *iptr1;         /* Input: First input pointer (Q15)        */    
;       int  *iptr2;         /* Input: Second input pointer (Q15)       */        
;       int  *iptr3;         /* Input: Third input pointer (Q15)        */
;       int  *iptr4;         /* Input: Fourth input pointer (Q15)       */ 
;       int  trig_value;     /* Input: Trigger point (Q15)              */           
;       int  prescalar;      /* Parameter: Data log prescale            */
;       int  skip_cntr;      /* Variable: Data log skip counter         */                 
;       int  cntr;           /* Variable: Data log counter              */
;       long write_ptr;      /* Variable: Graph address pointer         */
;       int  size;           /* Parameter: Maximum data DLOG_4CH_buffer */
;       int  (*init)();      /* Pointer to init function                */
;       int  (*update)();    /* Pointer to update function              */ 
;       } DLOG_4CH;                            

;==============================================================================

; External Reference
                .def  _DLOG_4CH_update 
                .def  _DLOG_4CH_init

; Data log buffer definition
BUFF_SIZE       .set  0C8h
                
DLOG_4CH_buff1      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff2      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff3      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff4      .usect "DLOG", BUFF_SIZE
                

;==============================================================================
; Initialization Function
;==============================================================================

_DLOG_4CH_init:                                     
        MOVL    XAR5,#POS_TRIG_S1
        MOVL    *XAR4,XAR5          ; task=#POS_TRIG_S1 
        ADDB    XAR4,#10            ; XAR4->trig_value
        
        MOV     *+XAR4[2],#0

        MOVL    XAR5,#DLOG_4CH_buff1
        MOVL    *+XAR4[4],XAR5      ; write_ptr=DLOG_4CH_buff1
               
        
        MOV     AL,*+XAR4[6]        ; ACC=size
        MOV     *+XAR4[3],AL        ; cntr=size
        LRETR
            
;==============================================================================
; Datalog Update Function
;==============================================================================

_DLOG_4CH_update:   
        SETC    SXM
        MOVL    XAR5,XAR4           ; XAR4->task
        MOVL    XAR7,*XAR4++        ; XAR4->iptr1, XAR7=task            
        ADDB    XAR5,#10            ; XAR5->trig_value
        LB      *XAR7               ; Branch to TASK    
        
POS_TRIG_S1:
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,LEQ         ; Exit if ACC <= 0 
                                         
        MOVL    XAR6,#POS_TRIG_S2   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
POS_TRIG_S2:                    
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,GEQ         ; Exit if ACC >= 0 
                                                    
        MOVL    XAR6,#DL_TRIGGERED   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
DL_TRIGGERED:                                   
        INC     *+XAR5[2]           ; skip_cntr=skip_cntr+1
        MOV     ACC,*+XAR5[2]       ; ACC=skip_cntr
        SUB     ACC,*+XAR5[1]       ; ACC=skip_cntr-prescalar
        SBF     DL_EXIT,NEQ         ; if (skip_cntr+1) < prescalar, then exit
        
        MOV     *+XAR5[2],#0        ; skip_cntr=0   
        MOV     ACC,*+XAR5[3]       ; ACC=cntr
        SBF     DLOG_END,EQ 
                        
        DEC     *+XAR5[3]           ; cntr=cntr-1
        ADDB    XAR5,#4             ; XAR5->write_ptr

        MOVL    XAR6,*XAR5          ; XAR6=write_ptr
        ADDB    XAR6,#1             ; XAR6=write_ptr+1
        MOVL    *XAR5,XAR6          ; write_ptr=write_ptr + 1
        SUBB    XAR6,#1             ; XAR6=write_ptr

        MOV     AR0,#BUFF_SIZE      ; AR0=BUFF_SIZE 
        
                                
; Log sample pointed by IPTR1       
        MOVL    XAR7,*XAR4++        ; XAR7=iptr1
        MOV     AL,*XAR7            ; AL=*iptr1
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr1, XAR6=write_ptr+size

; Log sample pointed by IPTR2           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr2
        MOV     AL,*XAR7            ; AL=*iptr2
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr2, XAR6=write_ptr+size

; Log sample pointed by IPTR3                           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr3
        MOV     AL,*XAR7            ; AL=*iptr3
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr3, XAR6=write_ptr+size

; Log sample pointed by IPTR4                   
        MOVL    XAR7,*XAR4++        ; XAR7=iptr4
        MOV     AL,*XAR7            ; AL=*iptr4
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr4, XAR6=write_ptr+size
        LRETR

; Reinitialise the module to log the data when the logging is triggered next
        
DLOG_END: 

        MOVL    XAR6,#DLOG_4CH_buff1
        MOVL    *+XAR5[4],XAR6      ; write_ptr=DLOG_4CH_buff1
               
        MOVL    XAR6,#POS_TRIG_S1   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2

        MOV     AL,*+XAR5[6]        ; ACC=size
        MOV     *+XAR5[3],AL        ; cntr=size
      
DL_EXIT:        
        LRETR   








Appendix A/BLDC_Testing/DSP2803x_CodeStartBranch.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:00:42 $
;//###########################################################################
;//
;// FILE:  DSP2803x_CodeStartBranch.asm	
;//
;// TITLE: Branch for redirecting code execution after boot. 
;//
;// For these examples, code_start is the first code that is executed after
;// exiting the boot ROM code. 
;//
;// The codestart section in the linker cmd file is used to physically place
;// this code at the correct memory location.  This section should be placed 
;// at the location the BOOT ROM will re-direct the code to.  For example, 
;// for boot to FLASH this code will be located at 0x3f7ff6. 
;//
;// In addition, the example DSP2803x projects are setup such that the codegen
;// entry point is also set to the code_start label.  This is done by linker 
;// option -e in the project build options.  When the debugger loads the code,
;// it will automatically set the PC to the "entry point" address indicated by
;// the -e linker option.  In this case the debugger is simply assigning the PC, 
;// it is not the same as a full reset of the device. 
;// 
;// The compiler may warn that the entry point for the project is other then
;//  _c_init00.  _c_init00 is the C environment setup and is run before 
;// main() is entered. The code_start code will re-direct the execution 
;// to _c_init00 and thus there is no worry and this warning can be ignored. 
;// 
;//###########################################################################
;// $TI Release: 2803x C/C++ Header Files V1.21 $
;// $Release Date: December 1, 2009 $
;//###########################################################################

***********************************************************************

WD_DISABLE	.set	1		;set to 1 to disable WD, else set to 0

    .ref _c_int00
    .global code_start

***********************************************************************
* Function: codestart section
*
* Description: Branch to code starting point
***********************************************************************

    .sect "codestart"

code_start:
    .if WD_DISABLE == 1
        LB wd_disable       ;Branch to watchdog disable code
    .else
        LB _c_int00         ;Branch to start of boot.asm in RTS library
    .endif

;end codestart section

***********************************************************************
* Function: wd_disable
*
* Description: Disables the watchdog timer
***********************************************************************
    .if WD_DISABLE == 1

    .text
wd_disable:
    SETC OBJMODE        ;Set OBJMODE for 28x object code
    EALLOW              ;Enable EALLOW protected register access
    MOVZ DP, #7029h>>6  ;Set data page for WDCR register
    MOV @7029h, #0068h  ;Set WDDIS bit in WDCR to disable WD
    EDIS                ;Disable EALLOW protected register access
    LB _c_int00         ;Branch to start of boot.asm in RTS library

    .endif

;end wd_disable

	.end
	
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/HVPM_Sensored/DSP2803x_CodeStartBranch.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:00:42 $
;//###########################################################################
;//
;// FILE:  DSP2803x_CodeStartBranch.asm	
;//
;// TITLE: Branch for redirecting code execution after boot. 
;//
;// For these examples, code_start is the first code that is executed after
;// exiting the boot ROM code. 
;//
;// The codestart section in the linker cmd file is used to physically place
;// this code at the correct memory location.  This section should be placed 
;// at the location the BOOT ROM will re-direct the code to.  For example, 
;// for boot to FLASH this code will be located at 0x3f7ff6. 
;//
;// In addition, the example DSP2803x projects are setup such that the codegen
;// entry point is also set to the code_start label.  This is done by linker 
;// option -e in the project build options.  When the debugger loads the code,
;// it will automatically set the PC to the "entry point" address indicated by
;// the -e linker option.  In this case the debugger is simply assigning the PC, 
;// it is not the same as a full reset of the device. 
;// 
;// The compiler may warn that the entry point for the project is other then
;//  _c_init00.  _c_init00 is the C environment setup and is run before 
;// main() is entered. The code_start code will re-direct the execution 
;// to _c_init00 and thus there is no worry and this warning can be ignored. 
;// 
;//###########################################################################
;// $TI Release: 2803x C/C++ Header Files V1.21 $
;// $Release Date: December 1, 2009 $
;//###########################################################################

***********************************************************************

WD_DISABLE	.set	1		;set to 1 to disable WD, else set to 0

    .ref _c_int00
    .global code_start

***********************************************************************
* Function: codestart section
*
* Description: Branch to code starting point
***********************************************************************

    .sect "codestart"

code_start:
    .if WD_DISABLE == 1
        LB wd_disable       ;Branch to watchdog disable code
    .else
        LB _c_int00         ;Branch to start of boot.asm in RTS library
    .endif

;end codestart section

***********************************************************************
* Function: wd_disable
*
* Description: Disables the watchdog timer
***********************************************************************
    .if WD_DISABLE == 1

    .text
wd_disable:
    SETC OBJMODE        ;Set OBJMODE for 28x object code
    EALLOW              ;Enable EALLOW protected register access
    MOVZ DP, #7029h>>6  ;Set data page for WDCR register
    MOV @7029h, #0068h  ;Set WDDIS bit in WDCR to disable WD
    EDIS                ;Disable EALLOW protected register access
    LB _c_int00         ;Branch to start of boot.asm in RTS library

    .endif

;end wd_disable

	.end
	
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/BLDC_Testing/DSP2803x_usDelay.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:01:17 $
;//###########################################################################
;//
;// FILE:  DSP2803x_usDelay.asm
;//
;// TITLE: Simple delay function
;//
;// DESCRIPTION:
;//  
;// This is a simple delay function that can be used to insert a specified
;// delay into code.  
;// 
;// This function is only accurate if executed from internal zero-waitstate
;// SARAM. If it is executed from waitstate memory then the delay will be
;// longer then specified. 
;// 
;// To use this function:
;//
;//  1 - update the CPU clock speed in the DSP2803x_Examples.h
;//    file. For example:
;//    #define CPU_RATE 16.667L // for a 60MHz CPU clock speed
;//
;//  2 - Call this function by using the DELAY_US(A) macro
;//    that is defined in the DSP2803x_Device.h file.  This macro
;//    will convert the number of microseconds specified
;//    into a loop count for use with this function.  
;//    This count will be based on the CPU frequency you specify.
;//
;//  3 - For the most accurate delay 
;//    - Execute this function in 0 waitstate RAM.  
;//    - Disable interrupts before calling the function
;//      If you do not disable interrupts, then think of
;//      this as an "at least" delay function as the actual
;//      delay may be longer. 
;//
;//  The C assembly call from the DELAY_US(time) macro will
;//  look as follows: 
;//
;//  extern void Delay(long LoopCount);                
;//
;//        MOV   AL,#LowLoopCount
;//        MOV   AH,#HighLoopCount
;//        LCR   _Delay
;//
;//  Or as follows (if count is less then 16-bits):
;//
;//        MOV   ACC,#LoopCount
;//        LCR   _Delay
;//
;//
;//###########################################################################
;// $TI Release: 2803x Header Files V1.01 $
;// $Release Date: April 30, 2009 $
;//###########################################################################	

       .def _DSP28x_usDelay
       .sect "ramfuncs"

        .global  __DSP28x_usDelay
_DSP28x_usDelay:
        SUB    ACC,#1
        BF     _DSP28x_usDelay,GEQ    ;; Loop if ACC >= 0
        LRETR 

;There is a 9/10 cycle overhead and each loop
;takes five cycles. The LoopCount is given by
;the following formula:
;  DELAY_CPU_CYCLES = 9 + 5*LoopCount
; LoopCount = (DELAY_CPU_CYCLES - 9) / 5
; The macro DELAY_US(A) performs this calculation for you
;
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/HVPM_Sensored/DSP2803x_usDelay.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:01:17 $
;//###########################################################################
;//
;// FILE:  DSP2803x_usDelay.asm
;//
;// TITLE: Simple delay function
;//
;// DESCRIPTION:
;//  
;// This is a simple delay function that can be used to insert a specified
;// delay into code.  
;// 
;// This function is only accurate if executed from internal zero-waitstate
;// SARAM. If it is executed from waitstate memory then the delay will be
;// longer then specified. 
;// 
;// To use this function:
;//
;//  1 - update the CPU clock speed in the DSP2803x_Examples.h
;//    file. For example:
;//    #define CPU_RATE 16.667L // for a 60MHz CPU clock speed
;//
;//  2 - Call this function by using the DELAY_US(A) macro
;//    that is defined in the DSP2803x_Device.h file.  This macro
;//    will convert the number of microseconds specified
;//    into a loop count for use with this function.  
;//    This count will be based on the CPU frequency you specify.
;//
;//  3 - For the most accurate delay 
;//    - Execute this function in 0 waitstate RAM.  
;//    - Disable interrupts before calling the function
;//      If you do not disable interrupts, then think of
;//      this as an "at least" delay function as the actual
;//      delay may be longer. 
;//
;//  The C assembly call from the DELAY_US(time) macro will
;//  look as follows: 
;//
;//  extern void Delay(long LoopCount);                
;//
;//        MOV   AL,#LowLoopCount
;//        MOV   AH,#HighLoopCount
;//        LCR   _Delay
;//
;//  Or as follows (if count is less then 16-bits):
;//
;//        MOV   ACC,#LoopCount
;//        LCR   _Delay
;//
;//
;//###########################################################################
;// $TI Release: 2803x Header Files V1.01 $
;// $Release Date: April 30, 2009 $
;//###########################################################################	

       .def _DSP28x_usDelay
       .sect "ramfuncs"

        .global  __DSP28x_usDelay
_DSP28x_usDelay:
        SUB    ACC,#1
        BF     _DSP28x_usDelay,GEQ    ;; Loop if ACC >= 0
        LRETR 

;There is a 9/10 cycle overhead and each loop
;takes five cycles. The LoopCount is given by
;the following formula:
;  DELAY_CPU_CYCLES = 9 + 5*LoopCount
; LoopCount = (DELAY_CPU_CYCLES - 9) / 5
; The macro DELAY_US(A) performs this calculation for you
;
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/BLDC_Testing/DSP2803x_Headers_nonBIOS.cmd

/*
// TI File $Revision: /main/3 $
// Checkin $Date: November 10, 2009   14:05:22 $
//###########################################################################
//
// FILE:    DSP2803x_Headers_nonBIOS.cmd
//
// TITLE:   DSP2803x Peripheral registers linker command file
//
// DESCRIPTION:
//
//          This file is for use in Non-BIOS applications.
//
//          Linker command file to place the peripheral structures
//          used within the DSP2803x headerfiles into the correct memory
//          mapped locations.
//
//          This version of the file includes the PieVectorTable structure.
//          For BIOS applications, please use the DSP2803x_Headers_BIOS.cmd file
//          which does not include the PieVectorTable structure.
//
//###########################################################################
// $TI Release: 2803x C/C++ Header Files V1.21 $
// $Release Date: December 1, 2009 $
//###########################################################################
*/

MEMORY
{
 PAGE 0:    /* Program Memory */

 PAGE 1:    /* Data Memory */

   DEV_EMU     : origin = 0x000880, length = 0x000105     /* device emulation registers */
	 SYS_PWR_CTL : origin = 0x000985, length = 0x000003     /* System power control registers */
   FLASH_REGS  : origin = 0x000A80, length = 0x000060     /* FLASH registers */
   CSM         : origin = 0x000AE0, length = 0x000010     /* code security module registers */

   ADC_RESULT  : origin = 0x000B00, length = 0x000020     /* ADC Results register mirror */

   CPU_TIMER0  : origin = 0x000C00, length = 0x000008     /* CPU Timer0 registers */
   CPU_TIMER1  : origin = 0x000C08, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/
   CPU_TIMER2  : origin = 0x000C10, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/

   PIE_CTRL    : origin = 0x000CE0, length = 0x000020     /* PIE control registers */
   PIE_VECT    : origin = 0x000D00, length = 0x000100     /* PIE Vector Table */

   CLA1        : origin = 0x001400, length = 0x000080     /* CLA registers */

   ECANA       : origin = 0x006000, length = 0x000040     /* eCAN-A control and status registers */
   ECANA_LAM   : origin = 0x006040, length = 0x000040     /* eCAN-A local acceptance masks */
   ECANA_MOTS  : origin = 0x006080, length = 0x000040     /* eCAN-A message object time stamps */
   ECANA_MOTO  : origin = 0x0060C0, length = 0x000040     /* eCAN-A object time-out registers */
   ECANA_MBOX  : origin = 0x006100, length = 0x000100     /* eCAN-A mailboxes */

   COMP1       : origin = 0x006400, length = 0x000020     /* Comparator + DAC 1 registers */
   COMP2       : origin = 0x006420, length = 0x000020     /* Comparator + DAC 2 registers */
   COMP3       : origin = 0x006440, length = 0x000020     /* Comparator + DAC 3 registers */

   EPWM1       : origin = 0x006800, length = 0x000040     /* Enhanced PWM 1 registers */
   EPWM2       : origin = 0x006840, length = 0x000040     /* Enhanced PWM 2 registers */
   EPWM3       : origin = 0x006880, length = 0x000040     /* Enhanced PWM 3 registers */
   EPWM4       : origin = 0x0068C0, length = 0x000040     /* Enhanced PWM 4 registers */
   EPWM5       : origin = 0x006900, length = 0x000040     /* Enhanced PWM 5 registers */
   EPWM6       : origin = 0x006940, length = 0x000040     /* Enhanced PWM 6 registers */
   EPWM7       : origin = 0x006980, length = 0x000040     /* Enhanced PWM 7 registers */

   ECAP1       : origin = 0x006A00, length = 0x000020     /* Enhanced Capture 1 registers */

   EQEP1       : origin = 0x006B00, length = 0x000040     /* Enhanced QEP 1 registers */

   LINA        : origin = 0x006C00, length = 0x000080     /* LIN-A registers */

   GPIOCTRL    : origin = 0x006F80, length = 0x000040     /* GPIO control registers */
   GPIODAT     : origin = 0x006FC0, length = 0x000020     /* GPIO data registers */
   GPIOINT     : origin = 0x006FE0, length = 0x000020     /* GPIO interrupt/LPM registers */

   SYSTEM      : origin = 0x007010, length = 0x000020     /* System control registers */

   SPIA        : origin = 0x007040, length = 0x000010     /* SPI-A registers */
   SPIB        : origin = 0x007740, length = 0x000010     /* SPI-B registers */

   SCIA        : origin = 0x007050, length = 0x000010     /* SCI-A registers */

   NMIINTRUPT  : origin = 0x007060, length = 0x000010     /* NMI Watchdog Interrupt Registers */
   XINTRUPT    : origin = 0x007070, length = 0x000010     /* external interrupt registers */

   ADC         : origin = 0x007100, length = 0x000080     /* ADC registers */

   I2CA        : origin = 0x007900, length = 0x000040     /* I2C-A registers */

   PARTID      : origin = 0x3D7E80, length = 0x000001     /* Part ID register location */

   CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations. */

}


SECTIONS
{
/*** PIE Vect Table and Boot ROM Variables Structures ***/
  UNION run = PIE_VECT, PAGE = 1
   {
      PieVectTableFile
      GROUP
      {
         EmuKeyVar
         EmuBModeVar
         FlashCallbackVar
         FlashScalingVar
      }
   }

/*** Peripheral Frame 0 Register Structures ***/
   DevEmuRegsFile    : > DEV_EMU,     PAGE = 1
	 SysPwrCtrlRegsFile: > SYS_PWR_CTL, PAGE = 1
   FlashRegsFile     : > FLASH_REGS,  PAGE = 1
   CsmRegsFile       : > CSM,         PAGE = 1
   AdcResultFile     : > ADC_RESULT,  PAGE = 1
   CpuTimer0RegsFile : > CPU_TIMER0,  PAGE = 1
   CpuTimer1RegsFile : > CPU_TIMER1,  PAGE = 1
   CpuTimer2RegsFile : > CPU_TIMER2,  PAGE = 1
   PieCtrlRegsFile   : > PIE_CTRL,    PAGE = 1
   Cla1RegsFile      : > CLA1,        PAGE = 1

/*** Peripheral Frame 1 Register Structures ***/
   ECanaRegsFile     : > ECANA,       PAGE = 1
   ECanaLAMRegsFile  : > ECANA_LAM,   PAGE = 1
   ECanaMboxesFile   : > ECANA_MBOX,  PAGE = 1
   ECanaMOTSRegsFile : > ECANA_MOTS,  PAGE = 1
   ECanaMOTORegsFile : > ECANA_MOTO,  PAGE = 1
   ECap1RegsFile     : > ECAP1,       PAGE = 1
   EQep1RegsFile     : > EQEP1,       PAGE = 1
   LinaRegsFile	     : > LINA,        PAGE = 1
   GpioCtrlRegsFile  : > GPIOCTRL,    PAGE = 1
   GpioDataRegsFile  : > GPIODAT,     PAGE = 1
   GpioIntRegsFile   : > GPIOINT,     PAGE = 1

/*** Peripheral Frame 2 Register Structures ***/
   SysCtrlRegsFile   : > SYSTEM,      PAGE = 1
   SpiaRegsFile      : > SPIA,        PAGE = 1
   SpibRegsFile      : > SPIB,        PAGE = 1
   SciaRegsFile      : > SCIA,        PAGE = 1
   NmiIntruptRegsFile: > NMIINTRUPT,  PAGE = 1
   XIntruptRegsFile  : > XINTRUPT,    PAGE = 1
   AdcRegsFile       : > ADC,         PAGE = 1
   I2caRegsFile      : > I2CA,        PAGE = 1

/*** Peripheral Frame 3 Register Structures ***/
   Comp1RegsFile     : > COMP1,    PAGE = 1
   Comp2RegsFile     : > COMP2,    PAGE = 1
   Comp3RegsFile     : > COMP3,    PAGE = 1
   EPwm1RegsFile     : > EPWM1,    PAGE = 1
   EPwm2RegsFile     : > EPWM2,    PAGE = 1
   EPwm3RegsFile     : > EPWM3,    PAGE = 1
   EPwm4RegsFile     : > EPWM4,    PAGE = 1
   EPwm5RegsFile     : > EPWM5,    PAGE = 1
   EPwm6RegsFile     : > EPWM6,    PAGE = 1
   EPwm7RegsFile     : > EPWM7,    PAGE = 1

/*** Code Security Module Register Structures ***/
   CsmPwlFile        : > CSM_PWL,  PAGE = 1

/*** Device Part ID Register Structures ***/
   PartIdRegsFile    : > PARTID,   PAGE = 1

}

/*
//===========================================================================
// End of file.
//===========================================================================
*/







Appendix A/HVPM_Sensored/DSP2803x_Headers_nonBIOS.cmd

/*
// TI File $Revision: /main/3 $
// Checkin $Date: November 10, 2009   14:05:22 $
//###########################################################################
//
// FILE:    DSP2803x_Headers_nonBIOS.cmd
//
// TITLE:   DSP2803x Peripheral registers linker command file
//
// DESCRIPTION:
//
//          This file is for use in Non-BIOS applications.
//
//          Linker command file to place the peripheral structures
//          used within the DSP2803x headerfiles into the correct memory
//          mapped locations.
//
//          This version of the file includes the PieVectorTable structure.
//          For BIOS applications, please use the DSP2803x_Headers_BIOS.cmd file
//          which does not include the PieVectorTable structure.
//
//###########################################################################
// $TI Release: 2803x C/C++ Header Files V1.21 $
// $Release Date: December 1, 2009 $
//###########################################################################
*/

MEMORY
{
 PAGE 0:    /* Program Memory */

 PAGE 1:    /* Data Memory */

   DEV_EMU     : origin = 0x000880, length = 0x000105     /* device emulation registers */
	 SYS_PWR_CTL : origin = 0x000985, length = 0x000003     /* System power control registers */
   FLASH_REGS  : origin = 0x000A80, length = 0x000060     /* FLASH registers */
   CSM         : origin = 0x000AE0, length = 0x000010     /* code security module registers */

   ADC_RESULT  : origin = 0x000B00, length = 0x000020     /* ADC Results register mirror */

   CPU_TIMER0  : origin = 0x000C00, length = 0x000008     /* CPU Timer0 registers */
   CPU_TIMER1  : origin = 0x000C08, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/
   CPU_TIMER2  : origin = 0x000C10, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/

   PIE_CTRL    : origin = 0x000CE0, length = 0x000020     /* PIE control registers */
   PIE_VECT    : origin = 0x000D00, length = 0x000100     /* PIE Vector Table */

   CLA1        : origin = 0x001400, length = 0x000080     /* CLA registers */

   ECANA       : origin = 0x006000, length = 0x000040     /* eCAN-A control and status registers */
   ECANA_LAM   : origin = 0x006040, length = 0x000040     /* eCAN-A local acceptance masks */
   ECANA_MOTS  : origin = 0x006080, length = 0x000040     /* eCAN-A message object time stamps */
   ECANA_MOTO  : origin = 0x0060C0, length = 0x000040     /* eCAN-A object time-out registers */
   ECANA_MBOX  : origin = 0x006100, length = 0x000100     /* eCAN-A mailboxes */

   COMP1       : origin = 0x006400, length = 0x000020     /* Comparator + DAC 1 registers */
   COMP2       : origin = 0x006420, length = 0x000020     /* Comparator + DAC 2 registers */
   COMP3       : origin = 0x006440, length = 0x000020     /* Comparator + DAC 3 registers */

   EPWM1       : origin = 0x006800, length = 0x000040     /* Enhanced PWM 1 registers */
   EPWM2       : origin = 0x006840, length = 0x000040     /* Enhanced PWM 2 registers */
   EPWM3       : origin = 0x006880, length = 0x000040     /* Enhanced PWM 3 registers */
   EPWM4       : origin = 0x0068C0, length = 0x000040     /* Enhanced PWM 4 registers */
   EPWM5       : origin = 0x006900, length = 0x000040     /* Enhanced PWM 5 registers */
   EPWM6       : origin = 0x006940, length = 0x000040     /* Enhanced PWM 6 registers */
   EPWM7       : origin = 0x006980, length = 0x000040     /* Enhanced PWM 7 registers */

   ECAP1       : origin = 0x006A00, length = 0x000020     /* Enhanced Capture 1 registers */

   EQEP1       : origin = 0x006B00, length = 0x000040     /* Enhanced QEP 1 registers */

   LINA        : origin = 0x006C00, length = 0x000080     /* LIN-A registers */

   GPIOCTRL    : origin = 0x006F80, length = 0x000040     /* GPIO control registers */
   GPIODAT     : origin = 0x006FC0, length = 0x000020     /* GPIO data registers */
   GPIOINT     : origin = 0x006FE0, length = 0x000020     /* GPIO interrupt/LPM registers */

   SYSTEM      : origin = 0x007010, length = 0x000020     /* System control registers */

   SPIA        : origin = 0x007040, length = 0x000010     /* SPI-A registers */
   SPIB        : origin = 0x007740, length = 0x000010     /* SPI-B registers */

   SCIA        : origin = 0x007050, length = 0x000010     /* SCI-A registers */

   NMIINTRUPT  : origin = 0x007060, length = 0x000010     /* NMI Watchdog Interrupt Registers */
   XINTRUPT    : origin = 0x007070, length = 0x000010     /* external interrupt registers */

   ADC         : origin = 0x007100, length = 0x000080     /* ADC registers */

   I2CA        : origin = 0x007900, length = 0x000040     /* I2C-A registers */

   PARTID      : origin = 0x3D7E80, length = 0x000001     /* Part ID register location */

   CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations. */

}


SECTIONS
{
/*** PIE Vect Table and Boot ROM Variables Structures ***/
  UNION run = PIE_VECT, PAGE = 1
   {
      PieVectTableFile
      GROUP
      {
         EmuKeyVar
         EmuBModeVar
         FlashCallbackVar
         FlashScalingVar
      }
   }

/*** Peripheral Frame 0 Register Structures ***/
   DevEmuRegsFile    : > DEV_EMU,     PAGE = 1
	 SysPwrCtrlRegsFile: > SYS_PWR_CTL, PAGE = 1
   FlashRegsFile     : > FLASH_REGS,  PAGE = 1
   CsmRegsFile       : > CSM,         PAGE = 1
   AdcResultFile     : > ADC_RESULT,  PAGE = 1
   CpuTimer0RegsFile : > CPU_TIMER0,  PAGE = 1
   CpuTimer1RegsFile : > CPU_TIMER1,  PAGE = 1
   CpuTimer2RegsFile : > CPU_TIMER2,  PAGE = 1
   PieCtrlRegsFile   : > PIE_CTRL,    PAGE = 1
   Cla1RegsFile      : > CLA1,        PAGE = 1

/*** Peripheral Frame 1 Register Structures ***/
   ECanaRegsFile     : > ECANA,       PAGE = 1
   ECanaLAMRegsFile  : > ECANA_LAM,   PAGE = 1
   ECanaMboxesFile   : > ECANA_MBOX,  PAGE = 1
   ECanaMOTSRegsFile : > ECANA_MOTS,  PAGE = 1
   ECanaMOTORegsFile : > ECANA_MOTO,  PAGE = 1
   ECap1RegsFile     : > ECAP1,       PAGE = 1
   EQep1RegsFile     : > EQEP1,       PAGE = 1
   LinaRegsFile	     : > LINA,        PAGE = 1
   GpioCtrlRegsFile  : > GPIOCTRL,    PAGE = 1
   GpioDataRegsFile  : > GPIODAT,     PAGE = 1
   GpioIntRegsFile   : > GPIOINT,     PAGE = 1

/*** Peripheral Frame 2 Register Structures ***/
   SysCtrlRegsFile   : > SYSTEM,      PAGE = 1
   SpiaRegsFile      : > SPIA,        PAGE = 1
   SpibRegsFile      : > SPIB,        PAGE = 1
   SciaRegsFile      : > SCIA,        PAGE = 1
   NmiIntruptRegsFile: > NMIINTRUPT,  PAGE = 1
   XIntruptRegsFile  : > XINTRUPT,    PAGE = 1
   AdcRegsFile       : > ADC,         PAGE = 1
   I2caRegsFile      : > I2CA,        PAGE = 1

/*** Peripheral Frame 3 Register Structures ***/
   Comp1RegsFile     : > COMP1,    PAGE = 1
   Comp2RegsFile     : > COMP2,    PAGE = 1
   Comp3RegsFile     : > COMP3,    PAGE = 1
   EPwm1RegsFile     : > EPWM1,    PAGE = 1
   EPwm2RegsFile     : > EPWM2,    PAGE = 1
   EPwm3RegsFile     : > EPWM3,    PAGE = 1
   EPwm4RegsFile     : > EPWM4,    PAGE = 1
   EPwm5RegsFile     : > EPWM5,    PAGE = 1
   EPwm6RegsFile     : > EPWM6,    PAGE = 1
   EPwm7RegsFile     : > EPWM7,    PAGE = 1

/*** Code Security Module Register Structures ***/
   CsmPwlFile        : > CSM_PWL,  PAGE = 1

/*** Device Part ID Register Structures ***/
   PartIdRegsFile    : > PARTID,   PAGE = 1

}

/*
//===========================================================================
// End of file.
//===========================================================================
*/







Appendix A/BLDC_Testing/F28035_FLASH_HVBLDC_Sensorless.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from FLASH						*/
/*==================================================================================*/
/*	FILE:			F28035_FLASH_HVBLDC_Sensorless.CMD                                    */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from FLASH.  			                                        */
/*                                                                                  */
/*  Target:  		TMS320F28035          					                        */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  4/13/09  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/
 

/* Define the memory block start/length for the F28035
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F2803x are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 memory block is mirrored - that is
         it can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks or flash sectors can be
         be combined if required to create a larger memory block.
*/

MEMORY
{
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x. Please download the Peripheral Files and Example Projects 
   collection (SPRC832) and look at the cla_adc project for information on how to 
   define sections for the CLA.
*/

PAGE 0:
	progRAM	    : origin = 0x008000, length = 0x001000 /* on-chip RAM (L0-L2)*/
	OTP         : origin = 0x3D7800, length = 0x000400     /* on-chip OTP */
	FLASHH      : origin = 0x3E8000, length = 0x002000     /* on-chip FLASH */
	FLASHG      : origin = 0x3EA000, length = 0x002000     /* on-chip FLASH */
	FLASHF      : origin = 0x3EC000, length = 0x002000     /* on-chip FLASH */
	FLASHE      : origin = 0x3EE000, length = 0x002000     /* on-chip FLASH */
	FLASHD      : origin = 0x3F0000, length = 0x002000     /* on-chip FLASH */
	FLASHC      : origin = 0x3F2000, length = 0x002000     /* on-chip FLASH */
	FLASHA      : origin = 0x3F6000, length = 0x001F80     /* on-chip FLASH */
	CSM_RSVD    : origin = 0x3F7F80, length = 0x000076     /* Part of FLASHA.  Program with all 0x0000 when CSM is in use. */
	BEGIN       : origin = 0x3F7FF6, length = 0x000002     /* Part of FLASHA.  Used for "boot to Flash" bootloader mode. */
	CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations in FLASHA */

	IQTABLES    : origin = 0x3FE000, length = 0x000B50     /* IQ Math Tables in Boot ROM */
	IQTABLES2   : origin = 0x3FEB50, length = 0x00008C     /* IQ Math Tables in Boot ROM */
	IQTABLES3   : origin = 0x3FEBDC, length = 0x0000AA     /* IQ Math Tables in Boot ROM */

	BOOTROM     : origin = 0x3FF27C, length = 0x000D44     /* Boot ROM */
	RESET       : origin = 0x3FFFC0, length = 0x000002     /* part of boot ROM  */
	VECTORS     : origin = 0x3FFFC2, length = 0x00003E     /* part of boot ROM  */

PAGE 1 : 
	BOOT_RSVD   : origin = 0x000000, length = 0x000050     /* Part of M0, BOOT rom will use this for stack */
	RAMM0       : origin = 0x000050, length = 0x0003B0     /* on-chip RAM block M0 */
   	RAMM1       : origin = 0x000400, length = 0x000400     /* on-chip RAM block M1 */
	dataRAM	    : origin = 0x009000, length = 0x001000     /* data RAM (L3) */
	FLASHB      : origin = 0x3F4000, length = 0x002000     /* on-chip FLASH */

	CLA_CPU_MSGRAM  : origin = 0x001480, length = 0x000080 /* CLA-R/W, CPU-R message RAM */
	CPU_CLA_MSGRAM  : origin = 0x001500, length = 0x000080 /* CPU-R/W, CLA-R message RAM */
}
 
 
SECTIONS
{
   /* Allocate program areas: */
   .cinit            : > FLASHA,     PAGE = 0
   .pinit            : > FLASHA,     PAGE = 0
   .text             : > FLASHA,     PAGE = 0

   codestart         : > BEGIN       PAGE = 0
   ramfuncs          : LOAD = FLASHD, 
                       RUN = progRAM, 
                       LOAD_START(_RamfuncsLoadStart),
                       LOAD_END(_RamfuncsLoadEnd),
                       RUN_START(_RamfuncsRunStart),
                       PAGE = 0

   csmpasswds        : > CSM_PWL     PAGE = 0
   csm_rsvd          : > CSM_RSVD    PAGE = 0
   
   /* Allocate uninitalized data sections: */
   .stack            : > RAMM0,      PAGE = 1
   .ebss             : > dataRAM,    PAGE = 1
   .esysmem          : > dataRAM,      PAGE = 1

   /* Initalized sections go in Flash */
   /* For SDFlash to program these, they must be allocated to page 0 */
   .econst           : > FLASHA      PAGE = 0
   .switch           : > FLASHA      PAGE = 0      

   /* Allocate IQ math areas: */
   IQmath            : > FLASHA      PAGE = 0                  /* Math Code */
   IQmathTables      : > IQTABLES     PAGE = 0, TYPE = NOLOAD   /* Math Tables In ROM */

   Cla1ToCpuMsgRAM   : > CLA_CPU_MSGRAM PAGE = 1
   CpuToCla1MsgRAM   : > CPU_CLA_MSGRAM PAGE = 1

   .reset            : > RESET,      PAGE = 0, TYPE = DSECT
   vectors           : > VECTORS     PAGE = 0, TYPE = DSECT


 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}
    
       
SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}


 







Appendix A/HVPM_Sensored/F28035_FLASH_HVPM_Sensored.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from FLASH						*/
/*==================================================================================*/
/*	FILE:			F28035_FLASH_HVPM_Sensored.CMD                                */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from FLASH.  			                                        */
/*                                                                                  */
/*  Target:  		TMS320F28035          					                        */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  4/13/09  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/
 

/* Define the memory block start/length for the F28035
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F2803x are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 memory block is mirrored - that is
         it can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks or flash sectors can be
         be combined if required to create a larger memory block.
*/
--diag_suppress=16002 
MEMORY
{
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x.
*/

PAGE 0:
	progRAM	    : origin = 0x008000, length = 0x001000 /* on-chip RAM (L0-L2)*/
	OTP         : origin = 0x3D7800, length = 0x000400     /* on-chip OTP */
	FLASHH      : origin = 0x3E8000, length = 0x002000     /* on-chip FLASH */
	FLASHG      : origin = 0x3EA000, length = 0x002000     /* on-chip FLASH */
	FLASHF      : origin = 0x3EC000, length = 0x002000     /* on-chip FLASH */
	FLASHE      : origin = 0x3EE000, length = 0x002000     /* on-chip FLASH */
	FLASHD      : origin = 0x3F0000, length = 0x002000     /* on-chip FLASH */
	FLASHC      : origin = 0x3F2000, length = 0x002000     /* on-chip FLASH */
	FLASHA      : origin = 0x3F6000, length = 0x001F80     /* on-chip FLASH */
	CSM_RSVD    : origin = 0x3F7F80, length = 0x000076     /* Part of FLASHA.  Program with all 0x0000 when CSM is in use. */
	BEGIN       : origin = 0x3F7FF6, length = 0x000002     /* Part of FLASHA.  Used for "boot to Flash" bootloader mode. */
	CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations in FLASHA */

	IQTABLES    : origin = 0x3FE000, length = 0x000B50     /* IQ Math Tables in Boot ROM */
	IQTABLES2   : origin = 0x3FEB50, length = 0x00008C     /* IQ Math Tables in Boot ROM */
	IQTABLES3   : origin = 0x3FEBDC, length = 0x0000AA     /* IQ Math Tables in Boot ROM */

	BOOTROM     : origin = 0x3FF27C, length = 0x000D44     /* Boot ROM */
	RESET       : origin = 0x3FFFC0, length = 0x000002     /* part of boot ROM  */
	VECTORS     : origin = 0x3FFFC2, length = 0x00003E     /* part of boot ROM  */

PAGE 1 : 
	BOOT_RSVD   : origin = 0x000000, length = 0x000050     /* Part of M0, BOOT rom will use this for stack */
	RAMM0       : origin = 0x000050, length = 0x0003B0     /* on-chip RAM block M0 */
   	RAMM1       : origin = 0x000400, length = 0x000400     /* on-chip RAM block M1 */
	dataRAM	    : origin = 0x009000, length = 0x001000     /* data RAM (L3) */
	FLASHB      : origin = 0x3F4000, length = 0x002000     /* on-chip FLASH */

	CLA_CPU_MSGRAM  : origin = 0x001480, length = 0x000080 /* CLA-R/W, CPU-R message RAM */
	CPU_CLA_MSGRAM  : origin = 0x001500, length = 0x000080 /* CPU-R/W, CLA-R message RAM */
}
 
 
SECTIONS
{
   /* Allocate program areas: */
   .cinit            : > FLASHA,     PAGE = 0
   .pinit            : > FLASHA,     PAGE = 0
   .text             : > FLASHA,     PAGE = 0

   codestart         : > BEGIN       PAGE = 0
   ramfuncs          : LOAD = FLASHD, 
                       RUN = progRAM, 
                       LOAD_START(_RamfuncsLoadStart),
                       LOAD_END(_RamfuncsLoadEnd),
                       RUN_START(_RamfuncsRunStart),
                       PAGE = 0

   csmpasswds        : > CSM_PWL     PAGE = 0
   csm_rsvd          : > CSM_RSVD    PAGE = 0
   
   /* Allocate uninitalized data sections: */
   .stack            : > RAMM0,      PAGE = 1
   .ebss             : > dataRAM,    PAGE = 1
   .esysmem          : > dataRAM,      PAGE = 1

   /* Initalized sections go in Flash */
   /* For SDFlash to program these, they must be allocated to page 0 */
   .econst           : > FLASHA      PAGE = 0
   .switch           : > FLASHA      PAGE = 0      

   /* Allocate IQ math areas: */
   IQmath            : > FLASHA      PAGE = 0                  /* Math Code */
   IQmathTables      : > IQTABLES     PAGE = 0, TYPE = NOLOAD   /* Math Tables In ROM */

   Cla1ToCpuMsgRAM   : > CLA_CPU_MSGRAM PAGE = 1
   CpuToCla1MsgRAM   : > CPU_CLA_MSGRAM PAGE = 1

   .reset            : > RESET,      PAGE = 0, TYPE = DSECT
   vectors           : > VECTORS     PAGE = 0, TYPE = DSECT


 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}
    
    
    
SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}


 







Appendix A/BLDC_Testing/F28035_RAM_HVBLDC_Sensorless.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from RAM							*/
/*==================================================================================*/
/*	FILE:			F28035_RAM_HVBLDC_Sensorless.CMD                                      */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from RAM.  			                                            */
/*                                                                                  */
/*  Target:  		TMS320F28035 device                                             */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  10/24/08  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/

/* Define the memory block start/length for the DSP2803x
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F28035 are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 block is mirrored - that is it
         can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks can be combined
         if required to create a larger memory block.
*/

MEMORY
{
PAGE 0 :
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x. Please download the Peripheral Files and Example Projects 
   collection (SPRC832) and look at the cla_adc project for information on how to 
   define sections for the CLA.
*/
   
	BEGIN		   : origin = 0x000000,	length = 0x000002
	BOOT_RSVD	   : origin = 0x000002,	length = 0x00004E             
	RAMM0		   : origin = 0x000050,	length = 0x0003B0

	progRAM		   : origin = 0x008000,	length = 0x001800

	IQTABLES       : origin = 0x3FE000, length = 0x000B50    /* IQ Math Tables in Boot ROM */
	IQTABLES2      : origin = 0x3FEB50, length = 0x00008C    /* IQ Math Tables in Boot ROM */
	IQTABLES3      : origin = 0x3FEBDC, length = 0x0000AA	 /* IQ Math Tables in Boot ROM */

	RESET          : origin = 0x3FFFC0, length = 0x000002
	BOOTROM        : origin = 0x3FF27C, length = 0x000D44               

         
PAGE 1 : 

	RAMM1		   : origin = 0x000480,	length = 0x000380

	dataRAM	 	   : origin = 0x009800,	length = 0x000800

	CLA_CPU_MSGRAM : origin = 0x001480, length = 0x000080
	CPU_CLA_MSGRAM : origin = 0x001500, length = 0x000080
}
 
 
SECTIONS
{
   codestart        : > BEGIN,      PAGE = 0
   ramfuncs         : > RAMM0,      PAGE = 0  

   .text            : > progRAM,    PAGE = 0

   .cinit           : > RAMM0,      PAGE = 0
   .pinit           : > RAMM0,      PAGE = 0
   .switch          : > RAMM0,      PAGE = 0
   .reset           : > RESET,      PAGE = 0, TYPE = DSECT
   
   .stack           : > RAMM1,      PAGE = 1

   .ebss            : > dataRAM,    PAGE = 1
   .econst          : > dataRAM,    PAGE = 1      

   .esysmem         : > RAMM1,      PAGE = 1

   IQmath           : > progRAM,    PAGE = 0
   IQmathTables     : > IQTABLES, 	PAGE = 0, TYPE = NOLOAD

   Cla1ToCpuMsgRAM  : > CLA_CPU_MSGRAM, PAGE = 1
   CpuToCla1MsgRAM  : > CPU_CLA_MSGRAM, PAGE = 1

 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}

SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}




 







Appendix A/HVPM_Sensored/F28035_RAM_HVPM_Sensored.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from RAM							*/
/*==================================================================================*/
/*	FILE:			F28035_RAM_HVPM_Sensored.CMD                                  */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from RAM.  			                                            */
/*                                                                                  */
/*  Target:  		TMS320F28035 device                                             */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  10/24/08  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/

/* Define the memory block start/length for the DSP2803x
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F28035 are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 block is mirrored - that is it
         can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks can be combined
         if required to create a larger memory block.
*/
--diag_suppress=16002 
MEMORY
{
PAGE 0 :
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x. 
*/
   
	BEGIN		   : origin = 0x000000,	length = 0x000002
	BOOT_RSVD	   : origin = 0x000002,	length = 0x00004E             
	RAMM0		   : origin = 0x000050,	length = 0x0003B0

	progRAM		   : origin = 0x008000,	length = 0x001800

	IQTABLES       : origin = 0x3FE000, length = 0x000B50    /* IQ Math Tables in Boot ROM */
	IQTABLES2      : origin = 0x3FEB50, length = 0x00008C    /* IQ Math Tables in Boot ROM */
	IQTABLES3      : origin = 0x3FEBDC, length = 0x0000AA	 /* IQ Math Tables in Boot ROM */

	RESET          : origin = 0x3FFFC0, length = 0x000002
	BOOTROM        : origin = 0x3FF27C, length = 0x000D44               

         
PAGE 1 : 

	RAMM1		   : origin = 0x000480,	length = 0x000380

	dataRAM	 	   : origin = 0x009800,	length = 0x000800

	CLA_CPU_MSGRAM : origin = 0x001480, length = 0x000080
	CPU_CLA_MSGRAM : origin = 0x001500, length = 0x000080
}
 
 
SECTIONS
{
   codestart        : > BEGIN,      PAGE = 0
   ramfuncs         : > RAMM0,      PAGE = 0  

   .text            : > progRAM,    PAGE = 0

   .cinit           : > RAMM0,      PAGE = 0
   .pinit           : > RAMM0,      PAGE = 0
   .switch          : > RAMM0,      PAGE = 0
   .reset           : > RESET,      PAGE = 0, TYPE = DSECT
   
   .stack           : > RAMM1,      PAGE = 1

   .ebss            : > dataRAM,    PAGE = 1
   .econst          : > dataRAM,    PAGE = 1      

   .esysmem         : > RAMM1,      PAGE = 1

   IQmath           : > progRAM,    PAGE = 0
   IQmathTables     : > IQTABLES, 	PAGE = 0, TYPE = NOLOAD

   Cla1ToCpuMsgRAM  : > CLA_CPU_MSGRAM, PAGE = 1
   CpuToCla1MsgRAM  : > CPU_CLA_MSGRAM, PAGE = 1

 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}


    
SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}


 







Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless_linkInfo.xml

 
    TMS320C2000 Linker PC v6.4.2
    Copyright (c) 1996-2015 Texas Instruments Incorporated
    0x557c2769
    0x0
    HVBLDC_Sensorless.out
    
       _c_int00
       0x3f7963
   
    
       
          .\
          object
          DLOG4CHC.obj
          DLOG4CHC.obj
      
       
          .\
          object
          DSP2803x_CodeStartBranch.obj
          DSP2803x_CodeStartBranch.obj
      
       
          .\
          object
          DSP2803x_CpuTimers.obj
          DSP2803x_CpuTimers.obj
      
       
          .\
          object
          DSP2803x_GlobalVariableDefs.obj
          DSP2803x_GlobalVariableDefs.obj
      
       
          .\
          object
          DSP2803x_usDelay.obj
          DSP2803x_usDelay.obj
      
       
          .\
          object
          HVBLDC_Sensorless-DevInit_F2803x.obj
          HVBLDC_Sensorless-DevInit_F2803x.obj
      
       
          .\
          object
          HVBLDC_Sensorless.obj
          HVBLDC_Sensorless.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQ24div.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQmathTables.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          boot.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          exit.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_add.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_div.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_div.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          _lock.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          ul_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          ul_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          u_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          args_main.obj
      
   
    
       
          PieVectTableFile
          true
          0xd00
          0x100
          
      
       
          EmuKeyVar
          true
          0xd00
          0x1
          
      
       
          EmuBModeVar
          true
          0xd01
          0x1
          
      
       
          FlashCallbackVar
          true
          0xd02
          0x2
          
      
       
          FlashScalingVar
          true
          0xd04
          0x2
          
      
       
          DevEmuRegsFile
          true
          0x880
          0x4
          
      
       
          FlashRegsFile
          true
          0xa80
          0x8
          
      
       
          CsmRegsFile
          true
          0xae0
          0x10
          
      
       
          AdcResultFile
          true
          0xb00
          0x20
          
      
       
          CpuTimer0RegsFile
          true
          0xc00
          0x8
          
      
       
          CpuTimer1RegsFile
          true
          0xc08
          0x8
          
      
       
          CpuTimer2RegsFile
          true
          0xc10
          0x8
          
      
       
          PieCtrlRegsFile
          true
          0xce0
          0x1a
          
      
       
          Cla1RegsFile
          true
          0x1400
          0x40
          
      
       
          ECanaRegsFile
          true
          0x6000
          0x34
          
      
       
          ECanaLAMRegsFile
          true
          0x6040
          0x40
          
      
       
          ECanaMboxesFile
          true
          0x6100
          0x100
          
      
       
          ECanaMOTSRegsFile
          true
          0x6080
          0x40
          
      
       
          ECanaMOTORegsFile
          true
          0x60c0
          0x40
          
      
       
          ECap1RegsFile
          true
          0x6a00
          0x20
          
      
       
          EQep1RegsFile
          true
          0x6b00
          0x40
          
      
       
          LinaRegsFile
          true
          0x6c00
          0x4a
          
      
       
          GpioCtrlRegsFile
          true
          0x6f80
          0x40
          
      
       
          GpioDataRegsFile
          true
          0x6fc0
          0x20
          
      
       
          GpioIntRegsFile
          true
          0x6fe0
          0xc
          
      
       
          SysCtrlRegsFile
          true
          0x7010
          0x20
          
      
       
          SpiaRegsFile
          true
          0x7040
          0x10
          
      
       
          SpibRegsFile
          true
          0x7740
          0x10
          
      
       
          SciaRegsFile
          true
          0x7050
          0x10
          
      
       
          NmiIntruptRegsFile
          true
          0x7060
          0x10
          
      
       
          XIntruptRegsFile
          true
          0x7070
          0x10
          
      
       
          AdcRegsFile
          true
          0x7100
          0x50
          
      
       
          I2caRegsFile
          true
          0x7900
          0x22
          
      
       
          Comp1RegsFile
          true
          0x6400
          0x14
          
      
       
          Comp2RegsFile
          true
          0x6420
          0x14
          
      
       
          Comp3RegsFile
          true
          0x6440
          0x14
          
      
       
          EPwm1RegsFile
          true
          0x6800
          0x40
          
      
       
          EPwm2RegsFile
          true
          0x6840
          0x40
          
      
       
          EPwm3RegsFile
          true
          0x6880
          0x40
          
      
       
          EPwm4RegsFile
          true
          0x68c0
          0x40
          
      
       
          EPwm5RegsFile
          true
          0x6900
          0x40
          
      
       
          EPwm6RegsFile
          true
          0x6940
          0x40
          
      
       
          EPwm7RegsFile
          true
          0x6980
          0x40
          
      
       
          CsmPwlFile
          true
          0x3f7ff8
          0x8
          
      
       
          PartIdRegsFile
          true
          0x3d7e80
          0x1
          
      
       
          .cinit
          0x3f7aec
          0x3f7aec
          0x284
          
      
       
          .cinit
          0x3f7d70
          0x3f7d70
          0xa
          
      
       
          .cinit:__lock
          0x3f7d7a
          0x3f7d7a
          0x5
          
      
       
          .cinit:__unlock
          0x3f7d7f
          0x3f7d7f
          0x5
          
      
       
          .text
          0x3f6000
          0x3f6000
          0x150f
          
      
       
          .text
          0x3f750f
          0x3f750f
          0x1bf
          
      
       
          .text
          0x3f76ce
          0x3f76ce
          0x83
          
      
       
          .text
          0x3f7751
          0x3f7751
          0x83
          
      
       
          .text
          0x3f77d4
          0x3f77d4
          0x78
          
      
       
          .text
          0x3f784c
          0x3f784c
          0x72
          
      
       
          .text
          0x3f78be
          0x3f78be
          0x5a
          
      
       
          .text
          0x3f7918
          0x3f7918
          0x4b
          
      
       
          .text
          0x3f7963
          0x3f7963
          0x44
          
      
       
          .text
          0x3f79a7
          0x3f79a7
          0x2a
          
      
       
          .text
          0x3f79d1
          0x3f79d1
          0x29
          
      
       
          .text
          0x3f79fa
          0x3f79fa
          0x1f
          
      
       
          .text
          0x3f7a19
          0x3f7a19
          0x1c
          
      
       
          .text
          0x3f7a35
          0x3f7a35
          0x1c
          
      
       
          .text
          0x3f7a51
          0x3f7a51
          0x1a
          
      
       
          .text
          0x3f7a6b
          0x3f7a6b
          0x19
          
      
       
          .text
          0x3f7a84
          0x3f7a84
          0x19
          
      
       
          .text
          0x3f7a9d
          0x3f7a9d
          0x16
          
      
       
          .text
          0x3f7ab3
          0x3f7ab3
          0x13
          
      
       
          .text
          0x3f7ac6
          0x3f7ac6
          0x10
          
      
       
          .text
          0x3f7ad6
          0x3f7ad6
          0x9
          
      
       
          .text
          0x3f7adf
          0x3f7adf
          0x8
          
      
       
          .text:retain
          0x3f7ae7
          0x3f7ae7
          0x5
          
      
       
          codestart
          0x3f7ff6
          0x3f7ff6
          0x2
          
      
       
          ramfuncs:retain
          0x3f0000
          0x8000
          0x49
          
      
       
          ramfuncs
          0x3f0049
          0x8049
          0x1b
          
      
       
          ramfuncs
          0x3f0064
          0x8064
          0x4
          
      
       
          .stack
          true
          0x50
          0x0
          
      
       
          .stack
          true
          0x50
          0x0
      
       
          .ebss
          true
          0x9840
          0x18
          
      
       
          .ebss
          true
          0x9640
          0x1f2
          
      
       
          .ebss
          true
          0x9832
          0x4
          
      
       
          .ebss:__unlock
          true
          0x9838
          0x2
          
      
       
          .ebss:__lock
          true
          0x9836
          0x2
          
      
       
          .econst
          0x3f7dce
          0x3f7dce
          0xc
          
      
       
          IQmath
          0x3f7d86
          0x3f7d86
          0x47
          
      
       
          IQmathTables
          0x3fe000
          0x3fe000
          0xb50
          
      
       
          .reset
          0x3fffc0
          0x3fffc0
          0x2
          
      
       
          DLOG
          true
          0x9000
          0x640
          
      
       
          .debug_info
          0x0
          0x0
          0xfc
          
      
       
          .debug_info
          0xfc
          0xfc
          0x1f2
          
      
       
          .debug_info
          0x2ee
          0x2ee
          0x8f4
          
      
       
          .debug_info
          0xbe2
          0xbe2
          0x1389d
          
      
       
          .debug_info
          0x1447f
          0x1447f
          0xf3
          
      
       
          .debug_info
          0x14572
          0x14572
          0x46bf
          
      
       
          .debug_info
          0x18c31
          0x18c31
          0xaa12
          
      
       
          .debug_info
          0x23643
          0x23643
          0x112
          
      
       
          .debug_info
          0x23755
          0x23755
          0x407
          
      
       
          .debug_info
          0x23b5c
          0x23b5c
          0xf4
          
      
       
          .debug_info
          0x23c50
          0x23c50
          0xf4
          
      
       
          .debug_info
          0x23d44
          0x23d44
          0xf4
          
      
       
          .debug_info
          0x23e38
          0x23e38
          0xf4
          
      
       
          .debug_info
          0x23f2c
          0x23f2c
          0xf4
          
      
       
          .debug_info
          0x24020
          0x24020
          0xf7
          
      
       
          .debug_info
          0x24117
          0x24117
          0x100
          
      
       
          .debug_info
          0x24217
          0x24217
          0x18b
          
      
       
          .debug_info
          0x243a2
          0x243a2
          0x431
          
      
       
          .debug_info
          0x247d3
          0x247d3
          0xf4
          
      
       
          .debug_info
          0x248c7
          0x248c7
          0xfa
          
      
       
          .debug_info
          0x249c1
          0x249c1
          0xf7
          
      
       
          .debug_info
          0x24ab8
          0x24ab8
          0xf7
          
      
       
          .debug_info
          0x24baf
          0x24baf
          0xf4
          
      
       
          .debug_info
          0x24ca3
          0x24ca3
          0x3fe
          
      
       
          .debug_info
          0x250a1
          0x250a1
          0xaa
      
       
          .debug_line
          0x0
          0x0
          0x7f
          
      
       
          .debug_line
          0x7f
          0x7f
          0xa3
          
      
       
          .debug_line
          0x122
          0x122
          0x88
          
      
       
          .debug_line
          0x1aa
          0x1aa
          0x48
          
      
       
          .debug_line
          0x1f2
          0x1f2
          0x1f0
          
      
       
          .debug_line
          0x3e2
          0x3e2
          0x4c4
          
      
       
          .debug_line
          0x8a6
          0x8a6
          0x73
          
      
       
          .debug_line
          0x919
          0x919
          0x5d
          
      
       
          .debug_line
          0x976
          0x976
          0xa2
          
      
       
          .debug_line
          0xa18
          0xa18
          0x58
          
      
       
          .debug_line
          0xa70
          0xa70
          0xa9
          
      
       
          .debug_line
          0xb19
          0xb19
          0xab
          
      
       
          .debug_line
          0xbc4
          0xbc4
          0x8d
          
      
       
          .debug_line
          0xc51
          0xc51
          0x56
          
      
       
          .debug_line
          0xca7
          0xca7
          0x60
          
      
       
          .debug_line
          0xd07
          0xd07
          0x8e
          
      
       
          .debug_line
          0xd95
          0xd95
          0x5e
          
      
       
          .debug_line
          0xdf3
          0xdf3
          0x56
          
      
       
          .debug_line
          0xe49
          0xe49
          0x53
          
      
       
          .debug_line
          0xe9c
          0xe9c
          0x52
          
      
       
          .debug_line
          0xeee
          0xeee
          0x4f
          
      
       
          .debug_line
          0xf3d
          0xf3d
          0x49
          
      
       
          .debug_line
          0xf86
          0xf86
          0x59
          
      
       
          .debug_abbrev
          0x0
          0x0
          0x2e
          
      
       
          .debug_abbrev
          0x2e
          0x2e
          0x20
          
      
       
          .debug_abbrev
          0x4e
          0x4e
          0x10b
          
      
       
          .debug_abbrev
          0x159
          0x159
          0xb7
          
      
       
          .debug_abbrev
          0x210
          0x210
          0x2e
          
      
       
          .debug_abbrev
          0x23e
          0x23e
          0x17f
          
      
       
          .debug_abbrev
          0x3bd
          0x3bd
          0x1ec
          
      
       
          .debug_abbrev
          0x5a9
          0x5a9
          0x45
          
      
       
          .debug_abbrev
          0x5ee
          0x5ee
          0x117
          
      
       
          .debug_abbrev
          0x705
          0x705
          0x37
          
      
       
          .debug_abbrev
          0x73c
          0x73c
          0x37
          
      
       
          .debug_abbrev
          0x773
          0x773
          0x37
          
      
       
          .debug_abbrev
          0x7aa
          0x7aa
          0x37
          
      
       
          .debug_abbrev
          0x7e1
          0x7e1
          0x37
          
      
       
          .debug_abbrev
          0x818
          0x818
          0x37
          
      
       
          .debug_abbrev
          0x84f
          0x84f
          0x37
          
      
       
          .debug_abbrev
          0x886
          0x886
          0x37
          
      
       
          .debug_abbrev
          0x8bd
          0x8bd
          0xb2
          
      
       
          .debug_abbrev
          0x96f
          0x96f
          0x37
          
      
       
          .debug_abbrev
          0x9a6
          0x9a6
          0x37
          
      
       
          .debug_abbrev
          0x9dd
          0x9dd
          0x37
          
      
       
          .debug_abbrev
          0xa14
          0xa14
          0x37
          
      
       
          .debug_abbrev
          0xa4b
          0xa4b
          0x37
          
      
       
          .debug_abbrev
          0xa82
          0xa82
          0xfe
          
      
       
          .debug_abbrev
          0xb80
          0xb80
          0xf
      
       
          .debug_aranges
          0x0
          0x0
          0x20
          
      
       
          .debug_aranges
          0x20
          0x20
          0x28
          
      
       
          .debug_aranges
          0x48
          0x48
          0x28
          
      
       
          .debug_aranges
          0x70
          0x70
          0x20
          
      
       
          .debug_aranges
          0x90
          0x90
          0x58
          
      
       
          .debug_aranges
          0xe8
          0xe8
          0x90
          
      
       
          .debug_aranges
          0x178
          0x178
          0x20
          
      
       
          .debug_aranges
          0x198
          0x198
          0x28
          
      
       
          .debug_aranges
          0x1c0
          0x1c0
          0x20
          
      
       
          .debug_aranges
          0x1e0
          0x1e0
          0x20
          
      
       
          .debug_aranges
          0x200
          0x200
          0x20
          
      
       
          .debug_aranges
          0x220
          0x220
          0x20
          
      
       
          .debug_aranges
          0x240
          0x240
          0x20
          
      
       
          .debug_aranges
          0x260
          0x260
          0x20
          
      
       
          .debug_aranges
          0x280
          0x280
          0x20
          
      
       
          .debug_aranges
          0x2a0
          0x2a0
          0x38
          
      
       
          .debug_aranges
          0x2d8
          0x2d8
          0x30
          
      
       
          .debug_aranges
          0x308
          0x308
          0x20
          
      
       
          .debug_aranges
          0x328
          0x328
          0x20
          
      
       
          .debug_aranges
          0x348
          0x348
          0x20
          
      
       
          .debug_aranges
          0x368
          0x368
          0x20
          
      
       
          .debug_aranges
          0x388
          0x388
          0x20
          
      
       
          .debug_aranges
          0x3a8
          0x3a8
          0x20
          
      
       
          .debug_frame
          0x0
          0x0
          0x93
          
      
       
          .debug_frame
          0x93
          0x93
          0x11e
          
      
       
          .debug_frame
          0x1b1
          0x1b1
          0x205
          
      
       
          .debug_frame
          0x3b6
          0x3b6
          0x95
          
      
       
          .debug_frame
          0x44b
          0x44b
          0xa1
          
      
       
          .debug_frame
          0x4ec
          0x4ec
          0x77
          
      
   
    
       
          PieVectTableFile
          0xd00
          0x100
          
             
         
      
       
          EmuKeyVar
          0xd00
          0x1
          
             
         
      
       
          EmuBModeVar
          0xd01
          0x1
          
             
         
      
       
          FlashCallbackVar
          0xd02
          0x2
          
             
         
      
       
          FlashScalingVar
          0xd04
          0x2
          
             
         
      
       
          GROUP_2
          0xd00
          0x6
          
             
             
             
             
         
      
       
          UNION_1
          0xd00
          0x100
          
             
             
         
      
       
          DevEmuRegsFile
          0x880
          0x4
          
             
         
      
       
          SysPwrCtrlRegsFile
          0x0
          0x0
          
         
      
       
          FlashRegsFile
          0xa80
          0x8
          
             
         
      
       
          CsmRegsFile
          0xae0
          0x10
          
             
         
      
       
          AdcResultFile
          0xb00
          0x20
          
             
         
      
       
          CpuTimer0RegsFile
          0xc00
          0x8
          
             
         
      
       
          CpuTimer1RegsFile
          0xc08
          0x8
          
             
         
      
       
          CpuTimer2RegsFile
          0xc10
          0x8
          
             
         
      
       
          PieCtrlRegsFile
          0xce0
          0x1a
          
             
         
      
       
          Cla1RegsFile
          0x1400
          0x40
          
             
         
      
       
          ECanaRegsFile
          0x6000
          0x34
          
             
         
      
       
          ECanaLAMRegsFile
          0x6040
          0x40
          
             
         
      
       
          ECanaMboxesFile
          0x6100
          0x100
          
             
         
      
       
          ECanaMOTSRegsFile
          0x6080
          0x40
          
             
         
      
       
          ECanaMOTORegsFile
          0x60c0
          0x40
          
             
         
      
       
          ECap1RegsFile
          0x6a00
          0x20
          
             
         
      
       
          EQep1RegsFile
          0x6b00
          0x40
          
             
         
      
       
          LinaRegsFile
          0x6c00
          0x4a
          
             
         
      
       
          GpioCtrlRegsFile
          0x6f80
          0x40
          
             
         
      
       
          GpioDataRegsFile
          0x6fc0
          0x20
          
             
         
      
       
          GpioIntRegsFile
          0x6fe0
          0xc
          
             
         
      
       
          SysCtrlRegsFile
          0x7010
          0x20
          
             
         
      
       
          SpiaRegsFile
          0x7040
          0x10
          
             
         
      
       
          SpibRegsFile
          0x7740
          0x10
          
             
         
      
       
          SciaRegsFile
          0x7050
          0x10
          
             
         
      
       
          NmiIntruptRegsFile
          0x7060
          0x10
          
             
         
      
       
          XIntruptRegsFile
          0x7070
          0x10
          
             
         
      
       
          AdcRegsFile
          0x7100
          0x50
          
             
         
      
       
          I2caRegsFile
          0x7900
          0x22
          
             
         
      
       
          Comp1RegsFile
          0x6400
          0x14
          
             
         
      
       
          Comp2RegsFile
          0x6420
          0x14
          
             
         
      
       
          Comp3RegsFile
          0x6440
          0x14
          
             
         
      
       
          EPwm1RegsFile
          0x6800
          0x40
          
             
         
      
       
          EPwm2RegsFile
          0x6840
          0x40
          
             
         
      
       
          EPwm3RegsFile
          0x6880
          0x40
          
             
         
      
       
          EPwm4RegsFile
          0x68c0
          0x40
          
             
         
      
       
          EPwm5RegsFile
          0x6900
          0x40
          
             
         
      
       
          EPwm6RegsFile
          0x6940
          0x40
          
             
         
      
       
          EPwm7RegsFile
          0x6980
          0x40
          
             
         
      
       
          CsmPwlFile
          0x3f7ff8
          0x8
          
             
         
      
       
          PartIdRegsFile
          0x3d7e80
          0x1
          
             
         
      
       
          .cinit
          0x3f7aec
          0x3f7aec
          0x29a
          
             
             
             
             
         
      
       
          .pinit
          0x0
          0x0
          
         
      
       
          .text
          0x3f6000
          0x3f6000
          0x1aec
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          codestart
          0x3f7ff6
          0x3f7ff6
          0x2
          
             
         
      
       
          ramfuncs
          0x3f0000
          0x8000
          0x68
          
             
             
             
         
      
       
          csmpasswds
          0x0
          0x0
          
         
      
       
          csm_rsvd
          0x0
          0x0
          
         
      
       
          .stack
          0x50
          0x380
          
             
             
         
      
       
          .ebss
          0x9640
          0x218
          
             
             
             
             
             
         
      
       
          .esysmem
          0x0
          0x0
          
         
      
       
          .econst
          0x3f7dce
          0x3f7dce
          0xc
          
             
         
      
       
          .switch
          0x0
          0x0
          
         
      
       
          IQmath
          0x3f7d86
          0x3f7d86
          0x47
          
             
         
      
       
          IQmathTables
          0x3fe000
          0x3fe000
          0xb50
          
             
         
      
       
          Cla1ToCpuMsgRAM
          0x0
          0x0
          
         
      
       
          CpuToCla1MsgRAM
          0x0
          0x0
          
         
      
       
          .reset
          0x3fffc0
          0x3fffc0
          0x2
          
             
         
      
       
          vectors
          0x3fffc2
          0x0
          
         
      
       
          DLOG
          0x9000
          0x640
          
             
         
      
       
          .debug_info
          0x0
          0x0
          0x2514b
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_line
          0x0
          0x0
          0xfdf
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_abbrev
          0x0
          0x0
          0xb8f
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_aranges
          0x0
          0x0
          0x3c8
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_frame
          0x0
          0x0
          0x563
          
             
             
             
             
             
             
         
      
   
    
       
          progRAM
          0x0
          0x8000
          0x1000
          0x68
          0xf98
          RWIX
          
             
                0x8000
                0x68
                
            
             
                0x8068
                0xf98
            
         
      
       
          OTP
          0x0
          0x3d7800
          0x400
          0x0
          0x400
          RWIX
          
         
      
       
          FLASHH
          0x0
          0x3e8000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHG
          0x0
          0x3ea000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHF
          0x0
          0x3ec000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHE
          0x0
          0x3ee000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHD
          0x0
          0x3f0000
          0x2000
          0x68
          0x1f98
          RWIX
          
             
                0x3f0000
                0x68
                
            
             
                0x3f0068
                0x1f98
            
         
      
       
          FLASHC
          0x0
          0x3f2000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHA
          0x0
          0x3f6000
          0x1f80
          0x1dd9
          0x1a7
          RWIX
          
             
                0x3f6000
                0x1aec
                
            
             
                0x3f7aec
                0x29a
                
            
             
                0x3f7d86
                0x47
                
            
             
                0x3f7dcd
                0x1
            
             
                0x3f7dce
                0xc
                
            
             
                0x3f7dda
                0x1a6
            
         
      
       
          CSM_RSVD
          0x0
          0x3f7f80
          0x76
          0x0
          0x76
          RWIX
          
         
      
       
          BEGIN
          0x0
          0x3f7ff6
          0x2
          0x2
          0x0
          RWIX
          
             
                0x3f7ff6
                0x2
                
            
         
      
       
          CSM_PWL
          0x0
          0x3f7ff8
          0x8
          0x0
          0x8
          RWIX
          
         
      
       
          IQTABLES
          0x0
          0x3fe000
          0xb50
          0xb50
          0x0
          RWIX
          
             
                0x3fe000
                0xb50
                
            
         
      
       
          IQTABLES2
          0x0
          0x3feb50
          0x8c
          0x0
          0x8c
          RWIX
          
         
      
       
          IQTABLES3
          0x0
          0x3febdc
          0xaa
          0x0
          0xaa
          RWIX
          
         
      
       
          BOOTROM
          0x0
          0x3ff27c
          0xd44
          0x0
          0xd44
          RWIX
          
         
      
       
          RESET
          0x0
          0x3fffc0
          0x2
          0x0
          0x2
          RWIX
          
         
      
       
          VECTORS
          0x0
          0x3fffc2
          0x3e
          0x0
          0x3e
          RWIX
          
         
      
       
          BOOT_RSVD
          0x1
          0x0
          0x50
          0x0
          0x50
          RWIX
          
         
      
       
          RAMM0
          0x1
          0x50
          0x3b0
          0x380
          0x30
          RWIX
          
             
                0x50
                0x380
                
            
             
                0x3d0
                0x30
            
         
      
       
          RAMM1
          0x1
          0x400
          0x400
          0x0
          0x400
          RWIX
          
         
      
       
          DEV_EMU
          0x1
          0x880
          0x105
          0x4
          0x101
          RWIX
          
             
                0x880
                0x4
                
            
             
                0x884
                0x101
            
         
      
       
          SYS_PWR_CTL
          0x1
          0x985
          0x3
          0x0
          0x3
          RWIX
          
         
      
       
          FLASH_REGS
          0x1
          0xa80
          0x60
          0x8
          0x58
          RWIX
          
             
                0xa80
                0x8
                
            
             
                0xa88
                0x58
            
         
      
       
          CSM
          0x1
          0xae0
          0x10
          0x10
          0x0
          RWIX
          
             
                0xae0
                0x10
                
            
         
      
       
          ADC_RESULT
          0x1
          0xb00
          0x20
          0x20
          0x0
          RWIX
          
             
                0xb00
                0x20
                
            
         
      
       
          CPU_TIMER0
          0x1
          0xc00
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc00
                0x8
                
            
         
      
       
          CPU_TIMER1
          0x1
          0xc08
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc08
                0x8
                
            
         
      
       
          CPU_TIMER2
          0x1
          0xc10
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc10
                0x8
                
            
         
      
       
          PIE_CTRL
          0x1
          0xce0
          0x20
          0x1a
          0x6
          RWIX
          
             
                0xce0
                0x1a
                
            
             
                0xcfa
                0x6
            
         
      
       
          PIE_VECT
          0x1
          0xd00
          0x100
          0x100
          0x0
          RWIX
          
             
                0xd00
                0x100
                
            
         
      
       
          CLA1
          0x1
          0x1400
          0x80
          0x40
          0x40
          RWIX
          
             
                0x1400
                0x40
                
            
             
                0x1440
                0x40
            
         
      
       
          CLA_CPU_MSGRAM
          0x1
          0x1480
          0x80
          0x0
          0x80
          RWIX
          
         
      
       
          CPU_CLA_MSGRAM
          0x1
          0x1500
          0x80
          0x0
          0x80
          RWIX
          
         
      
       
          ECANA
          0x1
          0x6000
          0x40
          0x34
          0xc
          RWIX
          
             
                0x6000
                0x34
                
            
             
                0x6034
                0xc
            
         
      
       
          ECANA_LAM
          0x1
          0x6040
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6040
                0x40
                
            
         
      
       
          ECANA_MOTS
          0x1
          0x6080
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6080
                0x40
                
            
         
      
       
          ECANA_MOTO
          0x1
          0x60c0
          0x40
          0x40
          0x0
          RWIX
          
             
                0x60c0
                0x40
                
            
         
      
       
          ECANA_MBOX
          0x1
          0x6100
          0x100
          0x100
          0x0
          RWIX
          
             
                0x6100
                0x100
                
            
         
      
       
          COMP1
          0x1
          0x6400
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6400
                0x14
                
            
             
                0x6414
                0xc
            
         
      
       
          COMP2
          0x1
          0x6420
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6420
                0x14
                
            
             
                0x6434
                0xc
            
         
      
       
          COMP3
          0x1
          0x6440
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6440
                0x14
                
            
             
                0x6454
                0xc
            
         
      
       
          EPWM1
          0x1
          0x6800
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6800
                0x40
                
            
         
      
       
          EPWM2
          0x1
          0x6840
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6840
                0x40
                
            
         
      
       
          EPWM3
          0x1
          0x6880
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6880
                0x40
                
            
         
      
       
          EPWM4
          0x1
          0x68c0
          0x40
          0x40
          0x0
          RWIX
          
             
                0x68c0
                0x40
                
            
         
      
       
          EPWM5
          0x1
          0x6900
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6900
                0x40
                
            
         
      
       
          EPWM6
          0x1
          0x6940
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6940
                0x40
                
            
         
      
       
          EPWM7
          0x1
          0x6980
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6980
                0x40
                
            
         
      
       
          ECAP1
          0x1
          0x6a00
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6a00
                0x20
                
            
         
      
       
          EQEP1
          0x1
          0x6b00
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6b00
                0x40
                
            
         
      
       
          LINA
          0x1
          0x6c00
          0x80
          0x4a
          0x36
          RWIX
          
             
                0x6c00
                0x4a
                
            
             
                0x6c4a
                0x36
            
         
      
       
          GPIOCTRL
          0x1
          0x6f80
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6f80
                0x40
                
            
         
      
       
          GPIODAT
          0x1
          0x6fc0
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6fc0
                0x20
                
            
         
      
       
          GPIOINT
          0x1
          0x6fe0
          0x20
          0xc
          0x14
          RWIX
          
             
                0x6fe0
                0xc
                
            
             
                0x6fec
                0x14
            
         
      
       
          SYSTEM
          0x1
          0x7010
          0x20
          0x20
          0x0
          RWIX
          
             
                0x7010
                0x20
                
            
         
      
       
          SPIA
          0x1
          0x7040
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7040
                0x10
                
            
         
      
       
          SCIA
          0x1
          0x7050
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7050
                0x10
                
            
         
      
       
          NMIINTRUPT
          0x1
          0x7060
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7060
                0x10
                
            
         
      
       
          XINTRUPT
          0x1
          0x7070
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7070
                0x10
                
            
         
      
       
          ADC
          0x1
          0x7100
          0x80
          0x50
          0x30
          RWIX
          
             
                0x7100
                0x50
                
            
             
                0x7150
                0x30
            
         
      
       
          SPIB
          0x1
          0x7740
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7740
                0x10
                
            
         
      
       
          I2CA
          0x1
          0x7900
          0x40
          0x22
          0x1e
          RWIX
          
             
                0x7900
                0x22
                
            
             
                0x7922
                0x1e
            
         
      
       
          dataRAM
          0x1
          0x9000
          0x1000
          0x858
          0x7a8
          RWIX
          
             
                0x9000
                0x640
                
            
             
                0x9640
                0x218
                
            
             
                0x9858
                0x7a8
            
         
      
       
          PARTID
          0x1
          0x3d7e80
          0x1
          0x1
          0x0
          RWIX
          
             
                0x3d7e80
                0x1
                
            
         
      
       
          FLASHB
          0x1
          0x3f4000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          CSM_PWL
          0x1
          0x3f7ff8
          0x8
          0x8
          0x0
          RWIX
          
             
                0x3f7ff8
                0x8
                
            
         
      
   
    
       
          _RamfuncsLoadStart
          0x3f0000
      
       
          _RamfuncsLoadEnd
          0x3f0068
      
       
          _RamfuncsRunStart
          0x8000
      
       
          cinit
          0x3f7aec
      
       
          ___cinit__
          0x3f7aec
      
       
          pinit
          0xffffffff
      
       
          ___pinit__
          0xffffffff
      
       
          binit
          0xffffffff
      
       
          ___binit__
          0xffffffff
      
       
          __STACK_SIZE
          0x380
      
       
          __STACK_END
          0x3d0
      
       
          ___c_args__
          0xffffffff
      
       
          .text
          0x3f6000
      
       
          ___text__
          0x3f6000
      
       
          etext
          0x3f7aec
      
       
          ___etext__
          0x3f7aec
      
       
          _DLOG_4CH_init
          0x3f7918
          
      
       
          _DLOG_4CH_update
          0x3f7923
          
      
       
          code_start
          0x3f7ff6
          
      
       
          _CpuTimer2
          0x9848
          
      
       
          _CpuTimer0
          0x9850
          
      
       
          _CpuTimer1
          0x9840
          
      
       
          _InitCpuTimers
          0x3f784c
          
      
       
          _ConfigCpuTimer
          0x3f788d
          
      
       
          _GpioCtrlRegs
          0x6f80
          
      
       
          _PieVectTable
          0xd00
          
      
       
          _EmuBMode
          0xd01
          
      
       
          _CsmRegs
          0xae0
          
      
       
          _ECanaLAMRegs
          0x6040
          
      
       
          _AdcResult
          0xb00
          
      
       
          _EPwm4Regs
          0x68c0
          
      
       
          _CpuTimer1Regs
          0xc08
          
      
       
          _SysCtrlRegs
          0x7010
          
      
       
          _EPwm5Regs
          0x6900
          
      
       
          _SpiaRegs
          0x7040
          
      
       
          _ECanaMOTSRegs
          0x6080
          
      
       
          _FlashRegs
          0xa80
          
      
       
          _CpuTimer0Regs
          0xc00
          
      
       
          _DevEmuRegs
          0x880
          
      
       
          _EPwm6Regs
          0x6940
          
      
       
          _Comp1Regs
          0x6400
          
      
       
          _SciaRegs
          0x7050
          
      
       
          _GpioDataRegs
          0x6fc0
          
      
       
          _CsmPwl
          0x3f7ff8
          
      
       
          _AdcRegs
          0x7100
          
      
       
          _EPwm7Regs
          0x6980
          
      
       
          _Comp2Regs
          0x6420
          
      
       
          _XIntruptRegs
          0x7070
          
      
       
          _CpuTimer2Regs
          0xc10
          
      
       
          _PieCtrlRegs
          0xce0
          
      
       
          _SpibRegs
          0x7740
          
      
       
          _ECanaRegs
          0x6000
          
      
       
          _Comp3Regs
          0x6440
          
      
       
          _ECap1Regs
          0x6a00
          
      
       
          _EmuKey
          0xd00
          
      
       
          _LinaRegs
          0x6c00
          
      
       
          _Cla1Regs
          0x1400
          
      
       
          _EQep1Regs
          0x6b00
          
      
       
          _EPwm1Regs
          0x6800
          
      
       
          _GpioIntRegs
          0x6fe0
          
      
       
          _PartIdRegs
          0x3d7e80
          
      
       
          _Flash_CPUScaleFactor
          0xd04
          
      
       
          _EPwm2Regs
          0x6840
          
      
       
          _ECanaMboxes
          0x6100
          
      
       
          _NmiIntruptRegs
          0x7060
          
      
       
          _ECanaMOTORegs
          0x60c0
          
      
       
          _Flash_CallbackPtr
          0xd02
          
      
       
          _EPwm3Regs
          0x6880
          
      
       
          _I2caRegs
          0x7900
          
      
       
          _DSP28x_usDelay
          0x8064
          
      
       
          _DeviceInit
          0x3f750f
          
      
       
          _MemCopy
          0x3f76b9
          
      
       
          _PieCntlInit
          0x3f767c
          
      
       
          _WDogDisable
          0x3f763a
          
      
       
          _PieVectTableInit
          0x3f769b
          
      
       
          _InitFlash
          0x8049
          
      
       
          _PLLset
          0x3f7642
          
      
       
          _ISR_ILLEGAL
          0x3f7ae7
          
      
       
          _MainISR
          0x8000
          
      
       
          _SpeedLoopFlag
          0x9657
          
      
       
          _main
          0x3f6000
          
      
       
          _sprang
          0x9660
          
      
       
          _DlogCh1
          0x9658
          
      
       
          _DlogCh3
          0x9654
          
      
       
          _DlogCh2
          0x9656
          
      
       
          _DlogCh4
          0x9655
          
      
       
          _ACQPS
          0x9710
          
      
       
          _qep1
          0x9780
          
      
       
          _DesiredSpeed
          0x9676
          
      
       
          _GPR0_BLDC_PWM
          0x9643
          
      
       
          _TotalRounds
          0x9678
          
      
       
          _qepMeasure
          0x3f701f
          
      
       
          _RoundsFlag
          0x9645
          
      
       
          _MeanCurrent2
          0x9686
          
      
       
          _testVariable
          0x9664
          
      
       
          _B_Task_Ptr
          0x9694
          
      
       
          _CurrentSet
          0x9680
          
      
       
          _CmtnPeriodTarget
          0x96a8
          
      
       
          _SpeedRef
          0x9684
          
      
       
          _tempIdc
          0x9682
          
      
       
          _speed1
          0x9752
          
      
       
          _speed2
          0x9766
          
      
       
          _Start
          0x965f
          
      
       
          _HallGpioBitC
          0x964f
          
      
       
          _HallGpioBitB
          0x9650
          
      
       
          _HallGpioBitA
          0x9644
          
      
       
          _currentOperation
          0x9653
          
      
       
          _IsrTicker
          0x967c
          
      
       
          _ILoopFlag
          0x9659
          
      
       
          _CurrentLoopFlag
          0x965c
          
      
       
          _VTimer1
          0x96b4
          
      
       
          _VTimer0
          0x96b8
          
      
       
          _VTimer2
          0x96bc
          
      
       
          _DCbus_current
          0x967e
          
      
       
          _pid1_spd
          0x97d8
          
      
       
          _impl1
          0x96cc
          
      
       
          _PreviousState
          0x9648
          
      
       
          _RevolutionPeriod
          0x966c
          
      
       
          _C_Task_Ptr
          0x969a
          
      
       
          _A_Task_Ptr
          0x9692
          
      
       
          _mod1
          0x96d2
          
      
       
          _Period
          0x9640
          
      
       
          _DFuncDesired
          0x965a
          
      
       
          _SumCurrent
          0x968c
          
      
       
          _pwm1
          0x96c0
          
      
       
          _Alpha_State_Ptr
          0x9698
          
      
       
          _CmtnPeriodSetpt
          0x969e
          
      
       
          _TrigSel
          0x9700
          
      
       
          _RampDelay
          0x969c
          
      
       
          _IsSettled
          0x9642
          
      
       
          _HallPointer
          0x9651
          
      
       
          _test
          0x968e
          
      
       
          _RunForward
          0x9646
          
      
       
          _DfuncTesting
          0x965b
          
      
       
          _hall1
          0x9740
          
      
       
          _initValues
          0x3f70d5
          
      
       
          _pid1_idc
          0x97c0
          
      
       
          _dlog
          0x9796
          
      
       
          _Tmp
          0x96a6
          
      
       
          _CurrentOffset
          0x96a2
          
      
       
          _rc1
          0x9720
          
      
       
          _pwmdac1
          0x96c6
          
      
       
          _cmtn1
          0x9800
          
      
       
          _B3
          0x3f653c
          
      
       
          _B2
          0x3f6536
          
      
       
          _B1
          0x3f6510
          
      
       
          _B0
          0x3f64e8
          
      
       
          _currentDirection
          0x964e
          
      
       
          _temp
          0x9696
          
      
       
          _A3
          0x3f650a
          
      
       
          _A2
          0x3f6504
          
      
       
          _A1
          0x3f64fe
          
      
       
          _A0
          0x3f64cf
          
      
       
          _peak
          0x96a0
          
      
       
          _ePWM
          0x96ee
          
      
       
          _AlignDuty
          0x9690
          
      
       
          _BackTicker
          0x9647
          
      
       
          _SettleCounter
          0x967a
          
      
       
          _rmp2
          0x96d8
          
      
       
          _rmp3
          0x96e2
          
      
       
          _EnableFlag
          0x965e
          
      
       
          _Astrom
          0x964c
          
      
       
          _DesiredCurrent
          0x9674
          
      
       
          _AlignFlag
          0x964a
          
      
       
          _timerFreq
          0x96aa
          
      
       
          _RampCounter
          0x9670
          
      
       
          _eCAP
          0x96ac
          
      
       
          _CurrentCounter
          0x966e
          
      
       
          _MeanCurrent
          0x9688
          
      
       
          _RPM
          0x96a4
          
      
       
          _eQEP
          0x96b0
          
      
       
          _ChSel
          0x9730
          
      
       
          _LoopCount
          0x964b
          
      
       
          _Run
          0x3f6542
          
      
       
          _SumCurrent2
          0x968a
          
      
       
          _HVDMC_Protection
          0x3f74c9
          
      
       
          _CurrentPeriod
          0x966a
          
      
       
          _SerialCommsTimer
          0x964d
          
      
       
          _VirtualTimer
          0x9672
          
      
       
          _AstromSwitch
          0x9641
          
      
       
          _Counter2
          0x9668
          
      
       
          _i
          0x9652
          
      
       
          _T
          0x9662
          
      
       
          _DesiredRounds
          0x9666
          
      
       
          _CalcCurrent
          0x3f7481
          
      
       
          _TripFlagDMC
          0x9649
          
      
       
          _ClosedLoopFlag
          0x965d
          
      
       
          __IQ24div
          0x3f7d86
          
      
       
          _IQ16mpyRndSatTable
          0x3fea90
          
      
       
          _IQ24mpyRndSatTable
          0x3fea30
          
      
       
          _IQ13mpyRndSatTable
          0x3feab4
          
      
       
          _IQ21mpyRndSatTable
          0x3fea54
          
      
       
          _IQ10mpyRndSatTable
          0x3fead8
          
      
       
          _IQdivTable
          0x3fe510
          
      
       
          _IQ9mpyRndSatTable
          0x3feae4
          
      
       
          _IQ6mpyRndSatTable
          0x3feb08
          
      
       
          _IQatan2TableEnd
          0x3fe9e8
          
      
       
          _IQdivTableEnd
          0x3fe712
          
      
       
          _IQ29mpyRndSatTable
          0x3fe9f4
          
      
       
          _IQ3mpyRndSatTable
          0x3feb2c
          
      
       
          _IQ18mpyRndSatTable
          0x3fea78
          
      
       
          _IQ26mpyRndSatTable
          0x3fea18
          
      
       
          _IQcosTableEnd
          0x3fe502
          
      
       
          _IQsinTableEnd
          0x3fe400
          
      
       
          _IQ15mpyRndSatTable
          0x3fea9c
          
      
       
          _IQ23mpyRndSatTable
          0x3fea3c
          
      
       
          _IQ12mpyRndSatTable
          0x3feac0
          
      
       
          _IQ20mpyRndSatTable
          0x3fea60
          
      
       
          _IQisqrtTableEnd
          0x3fe824
          
      
       
          _IQ8mpyRndSatTable
          0x3feaf0
          
      
       
          _IQisqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ5mpyRndSatTable
          0x3feb14
          
      
       
          _IQmpyRndSatTable
          0x3fe9e8
          
      
       
          _IQ28mpyRndSatTable
          0x3fea00
          
      
       
          _IQatan2Table
          0x3fe862
          
      
       
          _IQ2mpyRndSatTable
          0x3feb38
          
      
       
          _IQatan2HalfPITable
          0x3fe824
          
      
       
          _IQ17mpyRndSatTable
          0x3fea84
          
      
       
          _IQ25mpyRndSatTable
          0x3fea24
          
      
       
          _IQsqrtTable
          0x3fe722
          
      
       
          _IQsqrtTableEnd
          0x3fe824
          
      
       
          _IQ14mpyRndSatTable
          0x3feaa8
          
      
       
          _IQ22mpyRndSatTable
          0x3fea48
          
      
       
          _IQ30mpyRndSatTable
          0x3fe9e8
          
      
       
          _IQsqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ11mpyRndSatTable
          0x3feacc
          
      
       
          _IQdivRoundSatTable
          0x3fe502
          
      
       
          _IQ7mpyRndSatTable
          0x3feafc
          
      
       
          _IQcosTable
          0x3fe100
          
      
       
          _IQisqrtTable
          0x3fe722
          
      
       
          _IQ4mpyRndSatTable
          0x3feb20
          
      
       
          _IQ19mpyRndSatTable
          0x3fea6c
          
      
       
          _IQ27mpyRndSatTable
          0x3fea0c
          
      
       
          _IQmpyRndSatTableEnd
          0x3feb50
          
      
       
          _IQ1mpyRndSatTable
          0x3feb44
          
      
       
          _IQsinTable
          0x3fe000
          
      
       
          _c_int00
          0x3f7963
          
      
       
          __stack
          0x50
          
      
       
          C$$EXIT
          0x3f7a84
          
      
       
          _exit
          0x3f7a86
          
      
       
          ___TI_cleanup_ptr
          0x9832
          
      
       
          _abort
          0x3f7a84
          
      
       
          ___TI_dtors_ptr
          0x9834
          
      
       
          FD$$MPY
          0x3f76ce
          
      
       
          FD$$TOL
          0x3f79fa
          
      
       
          FS$$ADD
          0x3f77d9
          
      
       
          FS$$SUB
          0x3f77d4
          
      
       
          FS$$DIV
          0x3f7751
          
      
       
          FS$$MPY
          0x3f78be
          
      
       
          FS$$TOFD
          0x3f7a19
          
      
       
          FS$$TOL
          0x3f79d1
          
      
       
          UL$$MOD
          0x3f79cb
          
      
       
          L$$MOD
          0x3f79b6
          
      
       
          L$$DIV
          0x3f79a7
          
      
       
          UL$$DIV
          0x3f79c4
          
      
       
          __unlock
          0x9838
          
      
       
          __lock
          0x9836
          
      
       
          __register_lock
          0x3f7ada
          
      
       
          __nop
          0x3f7ade
          
      
       
          __register_unlock
          0x3f7ad6
          
      
       
          L$$TOFD
          0x3f7a35
          
      
       
          L$$TOFS
          0x3f7a51
          
      
       
          UL$$TOFD
          0x3f7a9d
          
      
       
          UL$$TOFS
          0x3f7ab3
          
      
       
          U$$TOFS
          0x3f7ac6
          
      
       
          __args_main
          0x3f7a6b
          
      
   
    Link successful
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    TMS320C2000 Linker PC v6.4.2
    Copyright (c) 1996-2015 Texas Instruments Incorporated
    0x557c5dce
    0x0
    HVPM_Sensored.out
    
       _c_int00
       0x3f6a23
   
    
       
          .\
          object
          DLOG4CHC.obj
          DLOG4CHC.obj
      
       
          .\
          object
          DSP2803x_CodeStartBranch.obj
          DSP2803x_CodeStartBranch.obj
      
       
          .\
          object
          DSP2803x_GlobalVariableDefs.obj
          DSP2803x_GlobalVariableDefs.obj
      
       
          .\
          object
          DSP2803x_usDelay.obj
          DSP2803x_usDelay.obj
      
       
          .\
          object
          HVPM_Sensored-DevInit_F2803x.obj
          HVPM_Sensored-DevInit_F2803x.obj
      
       
          .\
          object
          HVPM_Sensored.obj
          HVPM_Sensored.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQ24cosPU.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQ24sinPU.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQmathTables.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          boot.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          exit.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_add.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_cmp.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_div.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tou.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          _lock.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          ul_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          u_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          args_main.obj
      
   
    
       
          PieVectTableFile
          true
          0xd00
          0x100
          
      
       
          EmuKeyVar
          true
          0xd00
          0x1
          
      
       
          EmuBModeVar
          true
          0xd01
          0x1
          
      
       
          FlashCallbackVar
          true
          0xd02
          0x2
          
      
       
          FlashScalingVar
          true
          0xd04
          0x2
          
      
       
          DevEmuRegsFile
          true
          0x880
          0x4
          
      
       
          FlashRegsFile
          true
          0xa80
          0x8
          
      
       
          CsmRegsFile
          true
          0xae0
          0x10
          
      
       
          AdcResultFile
          true
          0xb00
          0x20
          
      
       
          CpuTimer0RegsFile
          true
          0xc00
          0x8
          
      
       
          CpuTimer1RegsFile
          true
          0xc08
          0x8
          
      
       
          CpuTimer2RegsFile
          true
          0xc10
          0x8
          
      
       
          PieCtrlRegsFile
          true
          0xce0
          0x1a
          
      
       
          Cla1RegsFile
          true
          0x1400
          0x40
          
      
       
          ECanaRegsFile
          true
          0x6000
          0x34
          
      
       
          ECanaLAMRegsFile
          true
          0x6040
          0x40
          
      
       
          ECanaMboxesFile
          true
          0x6100
          0x100
          
      
       
          ECanaMOTSRegsFile
          true
          0x6080
          0x40
          
      
       
          ECanaMOTORegsFile
          true
          0x60c0
          0x40
          
      
       
          ECap1RegsFile
          true
          0x6a00
          0x20
          
      
       
          EQep1RegsFile
          true
          0x6b00
          0x40
          
      
       
          LinaRegsFile
          true
          0x6c00
          0x4a
          
      
       
          GpioCtrlRegsFile
          true
          0x6f80
          0x40
          
      
       
          GpioDataRegsFile
          true
          0x6fc0
          0x20
          
      
       
          GpioIntRegsFile
          true
          0x6fe0
          0xc
          
      
       
          SysCtrlRegsFile
          true
          0x7010
          0x20
          
      
       
          SpiaRegsFile
          true
          0x7040
          0x10
          
      
       
          SpibRegsFile
          true
          0x7740
          0x10
          
      
       
          SciaRegsFile
          true
          0x7050
          0x10
          
      
       
          NmiIntruptRegsFile
          true
          0x7060
          0x10
          
      
       
          XIntruptRegsFile
          true
          0x7070
          0x10
          
      
       
          AdcRegsFile
          true
          0x7100
          0x50
          
      
       
          I2caRegsFile
          true
          0x7900
          0x22
          
      
       
          Comp1RegsFile
          true
          0x6400
          0x14
          
      
       
          Comp2RegsFile
          true
          0x6420
          0x14
          
      
       
          Comp3RegsFile
          true
          0x6440
          0x14
          
      
       
          EPwm1RegsFile
          true
          0x6800
          0x40
          
      
       
          EPwm2RegsFile
          true
          0x6840
          0x40
          
      
       
          EPwm3RegsFile
          true
          0x6880
          0x40
          
      
       
          EPwm4RegsFile
          true
          0x68c0
          0x40
          
      
       
          EPwm5RegsFile
          true
          0x6900
          0x40
          
      
       
          EPwm6RegsFile
          true
          0x6940
          0x40
          
      
       
          EPwm7RegsFile
          true
          0x6980
          0x40
          
      
       
          CsmPwlFile
          true
          0x3f7ff8
          0x8
          
      
       
          PartIdRegsFile
          true
          0x3d7e80
          0x1
          
      
       
          .cinit
          0x3f6b84
          0x3f6b84
          0x1df
          
      
       
          .cinit
          0x3f6d63
          0x3f6d63
          0xa
          
      
       
          .cinit:__lock
          0x3f6d6d
          0x3f6d6d
          0x5
          
      
       
          .cinit:__unlock
          0x3f6d72
          0x3f6d72
          0x5
          
      
       
          .text
          0x3f6000
          0x3f6000
          0x63f
          
      
       
          .text
          0x3f663f
          0x3f663f
          0x1c1
          
      
       
          .text
          0x3f6800
          0x3f6800
          0x83
          
      
       
          .text
          0x3f6883
          0x3f6883
          0x83
          
      
       
          .text
          0x3f6906
          0x3f6906
          0x78
          
      
       
          .text
          0x3f697e
          0x3f697e
          0x5a
          
      
       
          .text
          0x3f69d8
          0x3f69d8
          0x4b
          
      
       
          .text
          0x3f6a23
          0x3f6a23
          0x44
          
      
       
          .text
          0x3f6a67
          0x3f6a67
          0x29
          
      
       
          .text
          0x3f6a90
          0x3f6a90
          0x1f
          
      
       
          .text
          0x3f6aaf
          0x3f6aaf
          0x1d
          
      
       
          .text
          0x3f6acc
          0x3f6acc
          0x1c
          
      
       
          .text
          0x3f6ae8
          0x3f6ae8
          0x1a
          
      
       
          .text
          0x3f6b02
          0x3f6b02
          0x19
          
      
       
          .text
          0x3f6b1b
          0x3f6b1b
          0x19
          
      
       
          .text
          0x3f6b34
          0x3f6b34
          0x17
          
      
       
          .text
          0x3f6b4b
          0x3f6b4b
          0x13
          
      
       
          .text
          0x3f6b5e
          0x3f6b5e
          0x10
          
      
       
          .text
          0x3f6b6e
          0x3f6b6e
          0x9
          
      
       
          .text
          0x3f6b77
          0x3f6b77
          0x8
          
      
       
          .text:retain
          0x3f6b7f
          0x3f6b7f
          0x5
          
      
       
          codestart
          0x3f7ff6
          0x3f7ff6
          0x2
          
      
       
          ramfuncs:retain
          0x3f0000
          0x8000
          0x4ac
          
      
       
          ramfuncs
          0x3f04ac
          0x84ac
          0x1b
          
      
       
          ramfuncs
          0x3f04c7
          0x84c7
          0x4
          
      
       
          .stack
          true
          0x50
          0x0
          
      
       
          .stack
          true
          0x50
          0x0
      
       
          .ebss
          true
          0x9340
          0x198
          
      
       
          .ebss
          true
          0x9320
          0x4
          
      
       
          .ebss:__unlock
          true
          0x9326
          0x2
          
      
       
          .ebss:__lock
          true
          0x9324
          0x2
          
      
       
          .econst
          0x3f6dca
          0x3f6dca
          0xc
          
      
       
          IQmath
          0x3f6d79
          0x3f6d79
          0x29
          
      
       
          IQmath
          0x3f6da2
          0x3f6da2
          0x27
          
      
       
          IQmathTables
          0x3fe000
          0x3fe000
          0xb50
          
      
       
          .reset
          0x3fffc0
          0x3fffc0
          0x2
          
      
       
          DLOG
          true
          0x9000
          0x320
          
      
       
          .debug_info
          0x0
          0x0
          0xfd
          
      
       
          .debug_info
          0xfd
          0xfd
          0x1f3
          
      
       
          .debug_info
          0x2f0
          0x2f0
          0x138d4
          
      
       
          .debug_info
          0x13bc4
          0x13bc4
          0xf4
          
      
       
          .debug_info
          0x13cb8
          0x13cb8
          0x467c
          
      
       
          .debug_info
          0x18334
          0x18334
          0x8fcb
          
      
       
          .debug_info
          0x212ff
          0x212ff
          0x112
          
      
       
          .debug_info
          0x21411
          0x21411
          0x407
          
      
       
          .debug_info
          0x21818
          0x21818
          0xf4
          
      
       
          .debug_info
          0x2190c
          0x2190c
          0xf4
          
      
       
          .debug_info
          0x21a00
          0x21a00
          0xf4
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          0x3f7ff8
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          0x8
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          0x3fe000
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          0x3feb50
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          0x3febdc
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          0xd44
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          0x2
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          0x0
          0x3e
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          0x0
          0x50
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          0x50
          0x3b0
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                0x380
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                0x30
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          0x400
          0x400
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          DEV_EMU
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          0x880
          0x105
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          0x101
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                0x4
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          0x985
          0x3
          0x0
          0x3
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          0xa80
          0x60
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          0x58
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                0x8
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                0x58
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          0xae0
          0x10
          0x10
          0x0
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                0x10
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          0x1
          0xb00
          0x20
          0x20
          0x0
          RWIX
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                0x20
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          0xc00
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                0x8
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          0xce0
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          0x6
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                0x1a
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                0x6
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          0xd00
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          RWIX
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                0x100
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          0x1400
          0x80
          0x40
          0x40
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                0x40
                
            
             
                0x1440
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          0x1480
          0x80
          0x0
          0x80
          RWIX
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          0x1500
          0x80
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          0x80
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          0x6000
          0x40
          0x34
          0xc
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                0x34
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                0xc
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          0x6040
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                0x40
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          0x6080
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                0x40
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          0x60c0
          0x40
          0x40
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                0x40
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          0x6100
          0x100
          0x100
          0x0
          RWIX
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                0x100
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          0x6400
          0x20
          0x14
          0xc
          RWIX
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                0x14
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                0xc
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          0x6420
          0x20
          0x14
          0xc
          RWIX
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                0x14
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                0xc
            
         
      
       
          COMP3
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          0x6440
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6440
                0x14
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                0xc
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          0x1
          0x6800
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          0x40
          0x0
          RWIX
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                0x40
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          0x6840
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          RWIX
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                0x40
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          0x6880
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                0x40
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          0x68c0
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                0x40
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          0x6900
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                0x40
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          0x6940
          0x40
          0x40
          0x0
          RWIX
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                0x40
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          0x1
          0x6980
          0x40
          0x40
          0x0
          RWIX
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                0x40
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          0x1
          0x6a00
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6a00
                0x20
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          0x1
          0x6b00
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6b00
                0x40
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          0x6c00
          0x80
          0x4a
          0x36
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                0x4a
                
            
             
                0x6c4a
                0x36
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          0x6f80
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6f80
                0x40
                
            
         
      
       
          GPIODAT
          0x1
          0x6fc0
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6fc0
                0x20
                
            
         
      
       
          GPIOINT
          0x1
          0x6fe0
          0x20
          0xc
          0x14
          RWIX
          
             
                0x6fe0
                0xc
                
            
             
                0x6fec
                0x14
            
         
      
       
          SYSTEM
          0x1
          0x7010
          0x20
          0x20
          0x0
          RWIX
          
             
                0x7010
                0x20
                
            
         
      
       
          SPIA
          0x1
          0x7040
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7040
                0x10
                
            
         
      
       
          SCIA
          0x1
          0x7050
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7050
                0x10
                
            
         
      
       
          NMIINTRUPT
          0x1
          0x7060
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7060
                0x10
                
            
         
      
       
          XINTRUPT
          0x1
          0x7070
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7070
                0x10
                
            
         
      
       
          ADC
          0x1
          0x7100
          0x80
          0x50
          0x30
          RWIX
          
             
                0x7100
                0x50
                
            
             
                0x7150
                0x30
            
         
      
       
          SPIB
          0x1
          0x7740
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7740
                0x10
                
            
         
      
       
          I2CA
          0x1
          0x7900
          0x40
          0x22
          0x1e
          RWIX
          
             
                0x7900
                0x22
                
            
             
                0x7922
                0x1e
            
         
      
       
          dataRAM
          0x1
          0x9000
          0x1000
          0x4d8
          0xb28
          RWIX
          
             
                0x9000
                0x320
                
            
             
                0x9320
                0x1b8
                
            
             
                0x94d8
                0xb28
            
         
      
       
          PARTID
          0x1
          0x3d7e80
          0x1
          0x1
          0x0
          RWIX
          
             
                0x3d7e80
                0x1
                
            
         
      
       
          FLASHB
          0x1
          0x3f4000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          CSM_PWL
          0x1
          0x3f7ff8
          0x8
          0x8
          0x0
          RWIX
          
             
                0x3f7ff8
                0x8
                
            
         
      
   
    
       
          _RamfuncsLoadStart
          0x3f0000
      
       
          _RamfuncsLoadEnd
          0x3f04cb
      
       
          _RamfuncsRunStart
          0x8000
      
       
          cinit
          0x3f6b84
      
       
          ___cinit__
          0x3f6b84
      
       
          pinit
          0xffffffff
      
       
          ___pinit__
          0xffffffff
      
       
          binit
          0xffffffff
      
       
          ___binit__
          0xffffffff
      
       
          __STACK_SIZE
          0x380
      
       
          __STACK_END
          0x3d0
      
       
          ___c_args__
          0xffffffff
      
       
          .text
          0x3f6000
      
       
          ___text__
          0x3f6000
      
       
          etext
          0x3f6b84
      
       
          ___etext__
          0x3f6b84
      
       
          _DLOG_4CH_init
          0x3f69d8
          
      
       
          _DLOG_4CH_update
          0x3f69e3
          
      
       
          code_start
          0x3f7ff6
          
      
       
          _GpioCtrlRegs
          0x6f80
          
      
       
          _PieVectTable
          0xd00
          
      
       
          _EmuBMode
          0xd01
          
      
       
          _CsmRegs
          0xae0
          
      
       
          _ECanaLAMRegs
          0x6040
          
      
       
          _AdcResult
          0xb00
          
      
       
          _EPwm4Regs
          0x68c0
          
      
       
          _CpuTimer1Regs
          0xc08
          
      
       
          _SysCtrlRegs
          0x7010
          
      
       
          _EPwm5Regs
          0x6900
          
      
       
          _SpiaRegs
          0x7040
          
      
       
          _ECanaMOTSRegs
          0x6080
          
      
       
          _FlashRegs
          0xa80
          
      
       
          _CpuTimer0Regs
          0xc00
          
      
       
          _DevEmuRegs
          0x880
          
      
       
          _EPwm6Regs
          0x6940
          
      
       
          _Comp1Regs
          0x6400
          
      
       
          _SciaRegs
          0x7050
          
      
       
          _GpioDataRegs
          0x6fc0
          
      
       
          _CsmPwl
          0x3f7ff8
          
      
       
          _AdcRegs
          0x7100
          
      
       
          _EPwm7Regs
          0x6980
          
      
       
          _Comp2Regs
          0x6420
          
      
       
          _XIntruptRegs
          0x7070
          
      
       
          _CpuTimer2Regs
          0xc10
          
      
       
          _PieCtrlRegs
          0xce0
          
      
       
          _SpibRegs
          0x7740
          
      
       
          _ECanaRegs
          0x6000
          
      
       
          _Comp3Regs
          0x6440
          
      
       
          _ECap1Regs
          0x6a00
          
      
       
          _EmuKey
          0xd00
          
      
       
          _LinaRegs
          0x6c00
          
      
       
          _Cla1Regs
          0x1400
          
      
       
          _EQep1Regs
          0x6b00
          
      
       
          _EPwm1Regs
          0x6800
          
      
       
          _GpioIntRegs
          0x6fe0
          
      
       
          _PartIdRegs
          0x3d7e80
          
      
       
          _Flash_CPUScaleFactor
          0xd04
          
      
       
          _EPwm2Regs
          0x6840
          
      
       
          _ECanaMboxes
          0x6100
          
      
       
          _NmiIntruptRegs
          0x7060
          
      
       
          _ECanaMOTORegs
          0x60c0
          
      
       
          _Flash_CallbackPtr
          0xd02
          
      
       
          _EPwm3Regs
          0x6880
          
      
       
          _I2caRegs
          0x7900
          
      
       
          _DSP28x_usDelay
          0x84c7
          
      
       
          _DeviceInit
          0x3f663f
          
      
       
          _MemCopy
          0x3f67eb
          
      
       
          _PieCntlInit
          0x3f67ae
          
      
       
          _WDogDisable
          0x3f676c
          
      
       
          _PieVectTableInit
          0x3f67cd
          
      
       
          _InitFlash
          0x84ac
          
      
       
          _PLLset
          0x3f6774
          
      
       
          _ISR_ILLEGAL
          0x3f6b7f
          
      
       
          _MainISR
          0x8000
          
      
       
          _OffsetISR
          0x843c
          
      
       
          _main
          0x3f6000
          
      
       
          _DlogCh1
          0x9343
          
      
       
          _DlogCh3
          0x9349
          
      
       
          _DlogCh2
          0x9342
          
      
       
          _DlogCh4
          0x934a
          
      
       
          _ACQPS
          0x93ce
          
      
       
          _qep1
          0x946a
          
      
       
          _TotalRounds
          0x9358
          
      
       
          _IqRef
          0x936e
          
      
       
          _Init_IFlag
          0x9340
          
      
       
          _B_Task_Ptr
          0x9370
          
      
       
          _offsetA
          0x9356
          
      
       
          _offsetC
          0x9352
          
      
       
          _offsetB
          0x934e
          
      
       
          _SpeedRef
          0x935a
          
      
       
          _speed1
          0x9440
          
      
       
          _IsrTicker
          0x9360
          
      
       
          _VdTesting
          0x9362
          
      
       
          _clarke1
          0x9398
          
      
       
          _VTimer1
          0x9372
          
      
       
          _VTimer0
          0x9376
          
      
       
          _VTimer2
          0x9380
          
      
       
          _OffsetFlag
          0x9344
          
      
       
          _C_Task_Ptr
          0x936c
          
      
       
          _A_Task_Ptr
          0x9368
          
      
       
          _K2
          0x9354
          
      
       
          _K1
          0x9350
          
      
       
          _pwm1
          0x938e
          
      
       
          _Alpha_State_Ptr
          0x936a
          
      
       
          _IdRef
          0x9364
          
      
       
          _TrigSel
          0x9410
          
      
       
          _rg1
          0x93a2
          
      
       
          _SpeedLoopCount
          0x934d
          
      
       
          _LockRotorFlag
          0x9348
          
      
       
          _pi_spd
          0x9498
          
      
       
          _VqTesting
          0x9366
          
      
       
          _dlog
          0x9454
          
      
       
          _rc1
          0x93ee
          
      
       
          _pwmdac1
          0x9388
          
      
       
          _C3
          0x3f65f3
          
      
       
          _C2
          0x3f65ed
          
      
       
          _C1
          0x3f65c7
          
      
       
          _C0
          0x3f6582
          
      
       
          _B3
          0x3f65c1
          
      
       
          _B2
          0x3f65bb
          
      
       
          _B1
          0x3f65b5
          
      
       
          _B0
          0x3f656c
          
      
       
          _A3
          0x3f65af
          
      
       
          _A2
          0x3f65a9
          
      
       
          _A1
          0x3f6598
          
      
       
          _A0
          0x3f6555
          
      
       
          _ePWM
          0x93de
          
      
       
          _BackTicker
          0x934b
          
      
       
          _EnableFlag
          0x9347
          
      
       
          _pi_id
          0x9480
          
      
       
          _pi_iq
          0x94c0
          
      
       
          _svgen1
          0x9420
          
      
       
          _lsw
          0x9346
          
      
       
          _eCAP
          0x937a
          
      
       
          _ipark1
          0x93ae
          
      
       
          _SpeedLoopPrescaler
          0x934c
          
      
       
          _eQEP
          0x9384
          
      
       
          _ChSel
          0x9400
          
      
       
          _park1
          0x93c0
          
      
       
          _HVDMC_Protection
          0x3f65f9
          
      
       
          _SerialCommsTimer
          0x9345
          
      
       
          _T
          0x935c
          
      
       
          _DesiredRounds
          0x935e
          
      
       
          _TripFlagDMC
          0x9341
          
      
       
          __IQ24cosPU
          0x3f6da2
          
      
       
          __IQ24sinPU
          0x3f6d79
          
      
       
          _IQ16mpyRndSatTable
          0x3fea90
          
      
       
          _IQ24mpyRndSatTable
          0x3fea30
          
      
       
          _IQ13mpyRndSatTable
          0x3feab4
          
      
       
          _IQ21mpyRndSatTable
          0x3fea54
          
      
       
          _IQ10mpyRndSatTable
          0x3fead8
          
      
       
          _IQdivTable
          0x3fe510
          
      
       
          _IQ9mpyRndSatTable
          0x3feae4
          
      
       
          _IQ6mpyRndSatTable
          0x3feb08
          
      
       
          _IQatan2TableEnd
          0x3fe9e8
          
      
       
          _IQdivTableEnd
          0x3fe712
          
      
       
          _IQ29mpyRndSatTable
          0x3fe9f4
          
      
       
          _IQ3mpyRndSatTable
          0x3feb2c
          
      
       
          _IQ18mpyRndSatTable
          0x3fea78
          
      
       
          _IQ26mpyRndSatTable
          0x3fea18
          
      
       
          _IQcosTableEnd
          0x3fe502
          
      
       
          _IQsinTableEnd
          0x3fe400
          
      
       
          _IQ15mpyRndSatTable
          0x3fea9c
          
      
       
          _IQ23mpyRndSatTable
          0x3fea3c
          
      
       
          _IQ12mpyRndSatTable
          0x3feac0
          
      
       
          _IQ20mpyRndSatTable
          0x3fea60
          
      
       
          _IQisqrtTableEnd
          0x3fe824
          
      
       
          _IQ8mpyRndSatTable
          0x3feaf0
          
      
       
          _IQisqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ5mpyRndSatTable
          0x3feb14
          
      
       
          _IQmpyRndSatTable
          0x3fe9e8
          
      
       
          _IQ28mpyRndSatTable
          0x3fea00
          
      
       
          _IQatan2Table
          0x3fe862
          
      
       
          _IQ2mpyRndSatTable
          0x3feb38
          
      
       
          _IQatan2HalfPITable
          0x3fe824
          
      
       
          _IQ17mpyRndSatTable
          0x3fea84
          
      
       
          _IQ25mpyRndSatTable
          0x3fea24
          
      
       
          _IQsqrtTable
          0x3fe722
          
      
       
          _IQsqrtTableEnd
          0x3fe824
          
      
       
          _IQ14mpyRndSatTable
          0x3feaa8
          
      
       
          _IQ22mpyRndSatTable
          0x3fea48
          
      
       
          _IQ30mpyRndSatTable
          0x3fe9e8
          
      
       
          _IQsqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ11mpyRndSatTable
          0x3feacc
          
      
       
          _IQdivRoundSatTable
          0x3fe502
          
      
       
          _IQ7mpyRndSatTable
          0x3feafc
          
      
       
          _IQcosTable
          0x3fe100
          
      
       
          _IQisqrtTable
          0x3fe722
          
      
       
          _IQ4mpyRndSatTable
          0x3feb20
          
      
       
          _IQ19mpyRndSatTable
          0x3fea6c
          
      
       
          _IQ27mpyRndSatTable
          0x3fea0c
          
      
       
          _IQmpyRndSatTableEnd
          0x3feb50
          
      
       
          _IQ1mpyRndSatTable
          0x3feb44
          
      
       
          _IQsinTable
          0x3fe000
          
      
       
          _c_int00
          0x3f6a23
          
      
       
          __stack
          0x50
          
      
       
          C$$EXIT
          0x3f6b1b
          
      
       
          _exit
          0x3f6b1d
          
      
       
          ___TI_cleanup_ptr
          0x9320
          
      
       
          _abort
          0x3f6b1b
          
      
       
          ___TI_dtors_ptr
          0x9322
          
      
       
          FD$$MPY
          0x3f6800
          
      
       
          FD$$TOL
          0x3f6a90
          
      
       
          FS$$ADD
          0x3f690b
          
      
       
          FS$$SUB
          0x3f6906
          
      
       
          FS$$CMP
          0x3f6b34
          
      
       
          FS$$DIV
          0x3f6883
          
      
       
          FS$$MPY
          0x3f697e
          
      
       
          FS$$TOFD
          0x3f6acc
          
      
       
          FS$$TOL
          0x3f6a67
          
      
       
          FS$$TOU
          0x3f6aaf
          
      
       
          __unlock
          0x9326
          
      
       
          __lock
          0x9324
          
      
       
          __register_lock
          0x3f6b72
          
      
       
          __nop
          0x3f6b76
          
      
       
          __register_unlock
          0x3f6b6e
          
      
       
          L$$TOFS
          0x3f6ae8
          
      
       
          UL$$TOFS
          0x3f6b4b
          
      
       
          U$$TOFS
          0x3f6b5e
          
      
       
          __args_main
          0x3f6b02
          
      
   
    Link successful
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Introduction 
   The digital motor control library is composed of C functions (or macros) developed for C2000 motor 
control users. These modules are represented as modular blocks in C2000 literature in order to explain 
system-level block diagrams clearly by means of software modularity. The DMC library modules cover 
nearly all of the target-independent mathematical macros and target-specific peripheral configuration 
macros, which are essential for motor control. These modules can be classified as:  



 



Transformation and 
Observer Modules  



Clarke, Park, Phase Voltage Calculation, Sliding Mode Observer, BEMF 
Commutation, Direct Flux Estimator, Speed Calculators and Estimators, 
Position Calculators and Estimators etc.  



Signal Generators and 
Control Modules  



PID, Commutation Trigger Generator, V/f Controller, Impulse Generator, 
Mod 6 Counter, Slew Rate Controllers, Sawtooth & Ramp generators, 
Space Vector Generators etc.  



Peripheral Drivers  PWM abstraction for multiple topologies and techniques, ADC Drivers, 
Hall Sensor Driver, QEP Driver, CAP Driver etc.  



Real-Time Debugging 
Modules  



DLOG module for CCS graph window utility, PWMDAC module for 
monitoring the control variables through socilloscope  



 



 



   In the DMC library, each module is separately documented with source code, use, and background 
technical theory. All DMC modules allow users to quickly build, or customize their own systems. The 
library supports three principal motor types (induction motor, BLDC and PM motors) but is not limited to 
these motors. 



   The DMC library components have been used by TI to provide system-level motor control examples. In 
the motor control code, all DMC library modules are initialized according to the system specific 
parameters, and the modules are inter-connected to each other. At run-time the modules are called in 
order. Each motor control system is built using an incremental build approach, which allows some 
sections of the code to be built at a time, so that the developer can verify each section of the application 
one step at a time. This is critical in real-time control applications, where so many different variables can 
affect the system, and where many different motor parameters need to be tuned. 



 



 



  



DIGITAL MOTOR CONTROL Software Library 
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ACI SE Speed estimator of the 3-ph induction motor 
 
 
Description This software module implements a speed estimator of the 3-ph induction motor 



based upon its mathematics model. The estimator’s accuracy relies heavily on 
knowledge of critical motor parameters. 



 



                                            



ACISE
MACRO



PsiDrS



PsiQrS



ThetaFlux



IDsS



WrHat



WrHatRpm



pu



pu



pu



pu



pu



Q0



pu
IQsS



 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point  
 



C Version File Names: aci_se.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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ACI SE C Interface 
 
C Interface 
 
Object Definition  



The structure of ACISE object is defined by following structure definition 
 



typedef struct {  _iq  IQsS;       // Input: Stationary q-axis stator current 
             _iq  PsiDrS;       // Input: Stationary d-axis rotor flux  
             _iq  IDsS;     // Input: Stationary d-axis stator current  
             _iq  PsiQrS;     // Input: Stationary q-axis rotor flux   
             _iq  K1;     // Parameter: Constant using in speed computation  
                        _iq  SquaredPsi;        // Variable: Squared rotor flux    
                _iq  ThetaFlux;      // Input: Rotor flux angle 
            _iq21  K2;    // Parameter: Constant using in differentiator (Q21) 
                        _iq  OldThetaFlux;     // Variable: Previous rotor flux angle     
            _iq  K3;     // Parameter: Constant using in low-pass filter  
            _iq21  WPsi;    // Variable: Synchronous rotor flux speed in pu  (Q21) 
            _iq  K4;     // Parameter: Constant using in low-pass filter  
            _iq  WrHat;     // Output: Estimated speed in per unit  
            Uint32  BaseRpm;  // Parameter: Base rpm speed (Q0)       
            int32  WrHatRpm; // Output: Estimated speed in rpm (Q0) 
            _iq Wslip;  // Variable: Slip 
            _iq Wsyn;   // Variable: Synchronous speed 
                   } ACISE;                   



 
 



Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs PsiDrS stationary d-axis rotor flux  GLOBAL_Q 80000000-7FFFFFFF 



PsiDrS stationary q-axis rotor flux  GLOBAL_Q 80000000-7FFFFFFF 
ThetaFlux rotor flux linkage angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
IDsS stationary d-axis stator current GLOBAL_Q 80000000-7FFFFFFF 
IQsS stationary q-axis stator current  GLOBAL_Q 80000000-7FFFFFFF 



Outputs WrHat estimated rotor speed GLOBAL_Q 80000000-7FFFFFFF 
WrHatRpm estimated rotor speed in rpm Q0 80000000-7FFFFFFF 



ACISE 
parameter 



K1 K1 = 1/(Wb*Tr) GLOBAL_Q 80000000-7FFFFFFF 
K2 K2 = 1/(fb*T) Q21 80000000-7FFFFFFF 
K3 K3 = Tau/(Tau+T) GLOBAL_Q 80000000-7FFFFFFF 
K4 K4 = T/(Tau+T) GLOBAL_Q 80000000-7FFFFFFF 



BaseRpm base speed in rpm Q0 80000000-7FFFFFFF 
Internal OldThetaFlux previous rotor flux linkage angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
WPsi synchronous rotor flux  speed GLOBAL_Q 80000000-7FFFFFFF 



SquaredPsi squared magnitude of rotor flux GLOBAL_Q 80000000-7FFFFFFF 
Wslip slip GLOBAL_Q 80000000-7FFFFFFF 
WSyn synchronous speed GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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ACI SE C Interface 
 
Special Constants and Data types 
   
 ACISE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the speed estimator of Induction Motor module. To create multiple instances of the module 
simply declare variables of type ACISE. 



  
 
 ACISE_DEFAULTS 



Structure symbolic constant to initialize ACISE module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances two ACISE objects 
             ACISE  se1, se2; 
 
 Initialization 



To Instance pre-initialized objects 
ACISE se1 = ACISE_DEFAULTS; 
ACISE se2 = ACISE_DEFAULTS; 



 
Invoking the computation macro 
ACISE_MACRO(se1); 
ACISE_MACRO(se2); 



 
Example 



The following pseudo code provides the information about the module usage.  
main() 
{ 



se1.K1 = parem1_1;    // Pass parameters to se1  
se1.K2 = parem1_2;    // Pass parameters to se1  
se1.K3 = parem1_3;    // Pass parameters to se1  
se1.K4 = parem1_4;    // Pass parameters to se1  
se1.BaseRpm = base_speed_1;  // Pass parameters to se1  
 
se2.K1 = parem2_1;    // Pass parameters to se2  
se2.K2 = parem2_2;    // Pass parameters to se2  
se2.K3 = parem2_3;    // Pass parameters to se2  
se2.K4 = parem2_4;    // Pass parameters to se2  
se2.BaseRpm = base_speed_2;  // Pass parameters to se2  



 
}  
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void interrupt periodic_interrupt_isr() 
{  



se1.PsiDrS= flux_dq1.d;               // Pass inputs to se1  
         se1.PsiQrS= flux_dq1.q;                   // Pass inputs to se1  
         se1.IDsS=current_dq1.d;  // Pass inputs to se1 
         se1.IQsS=current_dq1.q;  // Pass inputs to se1 
         se1.ThetaFlux=angle1;               // Pass inputs to se1  



 
se2.PsiDrS= flux_dq2.d;               // Pass inputs to se2  



         se2.PsiQrS= flux_dq2.q;                   // Pass inputs to se2  
         se2.IDsS=current_dq2.d;  // Pass inputs to se2  
         se2.IQsS=current_dq2.q;  // Pass inputs to se2  
         se2.ThetaFlux=angle2;               // Pass inputs to se2  



 
ACISE_MACRO(se1);              // Call compute macro for se1    



 ACISE_MACRO(se2);   // Call compute macro for se2   
 



             speed_pu1 = se1.WrHat;  // Access the outputs of se1  
 speed_rpm1 = se1.WrHatRpm;      // Access the outputs of se1    
   



speed_pu2 = se2.WrHat;  // Access the outputs of se2    
 speed_rpm2 = se2.WrHatRpm;      // Access the outputs of se2    
} 
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Constant Computation Macro 
 



Since the speed estimator of Induction motor module requires four constants (K1,…, K4) to be 
input basing on the machine parameters, base quantities, mechanical parameters, and sampling 
period. These four constants can be internally computed by the macro (aci_se_const.h). The 
followings show how to use the constant computation macro. 



 
 
Object Definition  



The structure of ACISE_CONST object is defined by following structure definition 
 



typedef struct  { float32  Rr; // Input: Rotor resistance (ohm) 
    float32  Lr; // Input: Rotor inductance (H)       
                            float32  fb;       // Input: Base electrical frequency (Hz) 
                            float32  fc;       // Input: Cut-off frequency of low-pass filter (Hz) 
    float32  Ts; // Input: Sampling period in sec  
    float32  K1; // Output: constant using in rotor flux calculation   
    float32  K2; // Output: constant using in rotor flux calculation  
                float32  K3; // Output: constant using in rotor flux calculation  
                float32  K4; // Output: constant using in stator current calculation 
  } ACISE_CONST; 
  



 
Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rr Rotor resistance (ohm) Floating N/A 



Lr Rotor inductance (H) Floating N/A 
fb Base electrical frequency (Hz) Floating N/A 
fc Cut-off frequency of low-pass filter (Hz) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs K1 constant using in rotor flux calculation   Floating N/A 
K2 constant using in rotor flux calculation   Floating N/A 
K3 constant using in rotor flux calculation   Floating N/A 
K4 constant using in stator current cal. Floating N/A 
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Special Constants and Data types 
   
 ACISE_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the speed estimation of Induction Motor constant computation module. To create multiple 
instances of the module simply declare variables of type ACISE_CONST. 
 



 
 ACISE_CONST_DEFAULTS 



Structure symbolic constant to initialize ACISE_CONST module. This provides the initial values to 
the terminal variables as well as method pointers.  



 
 



 
 



Module Usage   
 
Instantiation 



            The following example instances two ACISE_CONST objects 
            ACISE_CONST  se1_const, se2_const; 



 
 



            Initialization 
To Instance pre-initialized objects 
ACISE_CONST se1_const = ACISE_CONST_DEFAULTS; 
ACISE_CONST se2_const = ACISE_CONST_DEFAULTS; 
 
 
Invoking the computation macro 
ACISE_CONST_MACRO(se1_const); 
ACISE_CONST_MACRO (se2_const); 
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Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 



se1_const.Rr = Rr1;  // Pass floating-point inputs to se1_const  
se1_const.Lr = Lr1;  // Pass floating-point inputs to se1_const  
se1_const.fb = Fb1;  // Pass floating-point inputs to se1_const  
se1_const.fc = Fc1;  // Pass floating-point inputs to se1_const  
se1_const.Ts = Ts1;  // Pass floating-point inputs to se1_const  



 
se2_const.Rr = Rr2;  // Pass floating-point inputs to se2_const  
se2_const.Lr = Lr2;  // Pass floating-point inputs to se2_const  
se2_const.fb = Fb2;  // Pass floating-point inputs to se2_const  
se2_const.fc = Fc2;  // Pass floating-point inputs to se2_const  
se2_const.Ts = Ts2;  // Pass floating-point inputs to se2_const  
 
ACISE_CONST_MACRO (se1_const);  // Call compute macro for se1_const  
ACISE_CONST_MACRO (se2_const);  // Call compute macro for se2_const  



 
se1.K1 = _IQ(se1_const.K1);   // Access the floating-point outputs of se1_const   
se1.K2 = _IQ(se1_const.K2);   // Access the floating-point outputs of se1_const   
se1.K3 = _IQ(se1_const.K3);   // Access the floating-point outputs of se1_const   
se1.K4 = _IQ(se1_const.K4);   // Access the floating-point outputs of se1_const   
 
se2.K1 = _IQ(se2_const.K1);   // Access the floating-point outputs of se2_const  
se2.K2 = _IQ(se2_const.K2);   // Access the floating-point outputs of se2_const   
se2.K3 = _IQ(se2_const.K3);   // Access the floating-point outputs of se2_const   
se2.K4 = _IQ(se2_const.K4);   // Access the floating-point outputs of se2_const   



 
}  
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Technical Background 
 



The open-loop speed estimator [1] is derived basing on the mathematics equations of induction 
motor in the stationary reference frame. The precise values of machine parameters are 
unavoidably required, otherwise the steady-state speed error may happen. However, the 
structure of the estimator is much simple comparing with other advanced techniques. All 
equations represented here are in the stationary reference frame (with superscript “s”). Firstly, the 
rotor flux linkage equations can be shown as below: 



                                                        
s
dsm



s
drr



s
dr iLiL +=λ     (1) 



                                                        s
qsm



s
qrr



s
qr iLiL +=λ     (2) 



where Lr, and Lm are rotor, and magnetizing inductance (H), respectively. 
According to equations (1)-(2), the rotor currents can be expressed as  
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Secondly, the rotor voltage equations are used to find the rotor flux linkage dynamics. 
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where ωr is electrically angular velocity of rotor (rad/sec), and Rr is rotor resistance (Ω).  
Substituting the rotor currents from (3)-(4) into (5)-(6), then the rotor flux linkage dynamics can be 
found as  
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where 
r



r
r R



L
=τ  is rotor time constant (sec). 



Suppose that the rotor flux linkages in (7)-(8) are known, therefore, its magnitude and angle can 
be computed as 
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Next, the rotor flux (i.e., synchronous) speed, ωe, can be easily calculated by derivative of the 
rotor flux angle in (10). 
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Referring to the derivative table, equation (11) can be solved as  
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Substituting (7)-(8) into (13), and rearranging, then finally it gives 
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The second term of the left hand in (14) is known as slip that is proportional to the 
electromagnetic torque when the rotor flux magnitude is maintaining constant. The 
electromagnetic torque can be shown here for convenience. 
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where p is the number of poles. Thus, the rotor speed can be found as 
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Now, the per-unit concept is applied to (16), then, the equation (16) becomes  
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where bb f2π=ω  is the base electrically angular velocity (rad/sec), bmb IL=λ  is the base flux 
linkage (volt.sec), and Ib is the base current (amp). Equivalently, another form is  
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where 
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The per-unit synchronous speed can be calculated as  
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where fb is the base electrical (supplied) frequency (Hz) and 2π is the base angle (rad). 
 
Discretizing equation (19) by using the backward approximation, yields 
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where T is the sampling period (sec). Equivalently, another form is 
 
                              ( ))1k()k(K)k( pu,pu,2pu,e rr



−θ−θ=ω λλ       pu     (21) 



where 
Tf



1K
b



2 =  is usually a large number.  



In practice, the typical waveforms of the rotor flux angle, pu,rλθ , in both directions can be seen in 
Figure 1. To take care the discontinuity of angle from 360o to 0o (CCW) or from 0o to 360o (CW), 
the differentiator is simply operated only within the differentiable range as seen in this Figure. 
This differentiable range does not significantly lose the information to compute the estimated 
speed.   
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Differentiable 
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Figure 1: The waveforms of rotor flux angle in both directions 



 
In addition, the synchronous speed in (21) is necessary to be filtered out by the low-pass filter in 
order to reduce the amplifying noise generated by the pure differentiator in (21). The simple 1st-
order low-pass filter is used, then the actual synchronous speed to be used is the output of the 



low-pass filter, pu,eω̂ , seen in following equation. The continuous-time equation of 1st-order low-
pass filter is as 
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where 
c



c f2
1
π



=τ  is the low-pass filter time constant (sec), and fc is the cut-off frequency (Hz). 



Using backward approximation, then (22) finally becomes 
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where 
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c
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In fact, only three equations (18), (21), and (23) are mainly employed to compute the estimated 
speed in per-unit. The required parameters for this module are summarized as follows:  
 
The machine parameters: 
- number of poles (p) 
- rotor resistance  (Rr) 
- rotor leakage inductance (Lrl)  
- magnetizing inductance (Lm)  
 
The based quantities:  
- base current (Ib) 
- base electrically angular velocity (ωb) 
 
The sampling period:  
- sampling period (T) 
 
Low-pass filter:  
- cut-off frequency (fc) 
 



Notice that the rotor self inductance is mrlr LLL += (H). 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. aci_se.h). The software module requires that both input and output 
variables are in per unit values. 
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 Equation Variables Program Variables 



Inputs 



s
drλ  PsiDrS 
s
qrλ  PsiQrS 



rλθ  ThetaFlux 



s
dsi  IDsS 
s
qsi  IQsS 



Output rω  WrHat 



Others 
 



( )2s
rλ  SquaredPsi 



eω  WPsi 



 
Table 1: Correspondence of notations 



 
References: 



 
[1]  A.M. Trzynadlowski, The Field Orientation Principle in Control of Induction Motors, 



Kluwer Academic Publishers, 1994, pp. 176-180. 
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ACI FE Flux estimator of the 3-ph induction motor 
 
 
 
Description This software module implements the flux estimator with the rotor flux angle for 



the 3-ph induction motor based upon the integral of back emf’s (voltage model) 
approach. To reduce the errors due to pure integrator and stator resistance 
measurement, the compensated voltages produced by PI compensators are 
introduced. Therefore, this flux estimator can be operating over a wide range of 
speed, even at very low speed. 



 



                                           



ACIFE
MACRO



UQsS



UDsS



IDsS



PsiDrS



ThetaFlux



pu



pu



pu



pu



pu



puIQsS



PsiQrS
pu



 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point    
 



C Version File Names: aci_fe.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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C Interface 
 
Object Definition 
  



The structure of ACIFE object is defined by following structure definition 
 



    typedef struct { _iq  ThetaFlux;    // Output: Rotor flux angle     
   _iq  IQsS;      // Input: Stationary q-axis stator current   
               _iq  IDsS;               // Input: Stationary d-axis stator current   
               _iq  K1;                 // Parameter: Constant using in current model  
               _iq  FluxDrE;         // Variable: Rotating d-axis rotor flux (current model)  
               _iq  K2;                 // Parameter: Constant using in current model  
               _iq  FluxQrS;        // Variable: Stationary q-axis rotor flux (current model)  
               _iq  FluxDrS;        // Variable: Stationary d-axis rotor flux (current model)  
               _iq  K3;                 // Parameter: Constant using in stator flux computation  
               _iq  K4;                 // Parameter: Constant using in stator flux computation  
               _iq  FluxDsS;       // Variable: Stationary d-axis stator flux (current model)  
               _iq  FluxQsS;        // Variable: Stationary q-axis stator flux (current model)  
   _iq  PsiQsS;     // Variable: Stationary d-axis stator flux (voltage model)  
               _iq  Kp;                 // Parameter: PI proportional gain  
               _iq  UiDsS;             // Variable: Stationary d-axis integral term  
               _iq  UCompDsS;     // Variable: Stationary d-axis compensated voltage  
               _iq  Ki;              // Parameter: PI integral gain  
               _iq  PsiQsS;       // Variable: Stationary q-axis stator flux (voltage model)  
               _iq  UiQsS;            // Variable: Stationary q-axis integral term  
               _iq  UCompQsS;    // Variable: Stationary q-axis compensated voltage  
               _iq  EmfDsS;         // Variable: Stationary d-axis back emf  
               _iq  UDsS;         // Input: Stationary d-axis stator voltage 
               _iq  K5;             // Parameter: Constant using in back emf computation   
               _iq  K6;             // Parameter: Constant using in back emf computation  
               _iq  EmfQsS;         // Variable: Stationary q-axis back emf  
               _iq  UQsS;         // Input: Stationary q-axis stator voltage  
               _iq  K8;             // Parameter: Constant using in rotor flux computation  
               _iq  K7;             // Parameter: Constant using in rotor flux computation  
               _iq  PsiDrS;     // Output: Stationary d-axis estimated rotor flux  
               _iq  PsiQrS;     // Output: Stationary q-axis estimated rotor flux  
               _iq  OldEmf;     // Variable: Old back emf term 
               _iq  Sine;     // Variable: Sine term 
               _iq  Cosine;     // Variable: Cosine term 
 
             } ACIFE;              
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Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs UDsS stationary d-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 



UQsS stationary q-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 
IDsS stationary d-axis stator current GLOBAL_Q 80000000-7FFFFFFF 
IQsS stationary q-axis stator current GLOBAL_Q 80000000-7FFFFFFF 



Outputs PsiDrS stationary d-axis rotor flux linkage GLOBAL_Q 80000000-7FFFFFFF 
PsiQrS stationary q-axis rotor flux linkage GLOBAL_Q 80000000-7FFFFFFF 



ThetaFlux rotor flux linkage angle GLOBAL_Q 00000000-7FFFFFFF  
(0 – 360 degree) 



ACIFE 
parameter 



K1 K1 = Tr/(Tr+T) GLOBAL_Q 80000000-7FFFFFFF 
K2 K2 = T/(Tr+T) GLOBAL_Q 80000000-7FFFFFFF 
K3 K3 = Lm/Lr GLOBAL_Q 80000000-7FFFFFFF 
K4 K4 = (Ls*Lr-Lm*Lm)/(Lr*Lm) GLOBAL_Q 80000000-7FFFFFFF 
K5 K5 = Rs*Ib/Vb GLOBAL_Q 80000000-7FFFFFFF 
K6 K6 = T*Vb/(Lm*Ib) GLOBAL_Q 80000000-7FFFFFFF 
K7 K7 = Lr/Lm GLOBAL_Q 80000000-7FFFFFFF 
K8 K8 = (Ls*Lr-Lm*Lm)/(Lm*Lm) GLOBAL_Q 80000000-7FFFFFFF 



Internal FluxDrE stationary d-axis rotor flux GLOBAL_Q 80000000-7FFFFFFF 
FluxQrE stationary q-axis rotor flux GLOBAL_Q 80000000-7FFFFFFF 
FluxDsS stationary d-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 
FluxQsS stationary q-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 
PsiQsS stationary d-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 
PsiQsS stationary q-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 



    UiDsS stationary d-axis integral term GLOBAL_Q 80000000-7FFFFFFF 
    UiQsS stationary q-axis integral term GLOBAL_Q 80000000-7FFFFFFF 



EmfDsS stationary d-axis back emf GLOBAL_Q 80000000-7FFFFFFF 
EmfQsS stationary q-axis back emf GLOBAL_Q 80000000-7FFFFFFF 



UCompDsS stationary d-axis comp. voltage GLOBAL_Q 80000000-7FFFFFFF 
UCompQsS stationary q-axis comp. voltage GLOBAL_Q 80000000-7FFFFFFF 



OldEmf old abck emf term GLOBAL_Q 80000000-7FFFFFFF 
Sine sine term GLOBAL_Q 80000000-7FFFFFFF 



Cosine cosine term GLOBAL_Q 80000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
Special Constants and Data types 
   
 ACIFE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the flux estimator of Induction Motor module. To create multiple instances of the module simply 
declare variables of type ACIFE. 



  
 
 ACIFE_DEFAULTS 



Structure symbolic constant to initialize ACIFE module. This provides the initial values to the 
terminal variables as well as method pointers.  
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Module Usage   



 
Instantiation 



             The following example instances two ACIFE objects 
             ACIFE  fe1, fe2; 
 
 Initialization 



To Instance pre-initialized objects 
ACIFE fe1 = ACIFE_DEFAULTS; 
ACIFE fe2 = ACIFE_DEFAULTS; 
Invoking the computation macro 
ACIFE_MACRO(fe1); 
ACIFE_MACRO(fe2); 



 
  



Example 
The following pseudo code provides the information about the module usage.  



main() 
{ 



fe1.K1 = parem1_1;    // Pass parameters to fe1  
             .      . 
  .      . 
 .      . 
fe1.K8 = parem1_8;    // Pass parameters to fe1  
 
fe2.K1 = parem2_1;    // Pass parameters to fe2  
             .      . 
  .      . 
 .      . 
fe2.K10_fe = parem2_8;   // Pass parameters to fe2  



 
}  
 
void interrupt periodic_interrupt_isr() 
{  



fe1.UDsS= voltage_dq1.d;  // Pass inputs to fe1  
         fe1.UQsS= voltage_dq1.q;       // Pass inputs to fe1  
         fe1.IQsS=current_dq1.d;  // Pass inputs to fe1  
         fe1.IDsS=current_dq1.q;  // Pass inputs to fe1  



 
fe2.UDsS= voltage_dq2.d;  // Pass inputs to fe2  



         fe2.UQsS= voltage_dq2.q;       // Pass inputs to fe2  
         fe2.IQsS=current_dq2.d;  // Pass inputs to fe2  



fe2.IDsS=current_dq2.q;  // Pass inputs to fe2  
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ACIFE_MACRO(fe1);              // Call compute macro for fe1  
 ACIFE_MACRO(fe2);              // Call compute macro for fe2   



 
 flux1.d = fe1.PsiDrS;       // Access the outputs of fe1   
 flux1.q = fe1.PsiQrS;       // Access the outputs of fe1   
            angle1 = fe1.ThetaFlux;   // Access the outputs of fe1  
 
 flux2.d = fe2.PsiDrS;       // Access the outputs of fe2    
 flux2.q = fe2.PsiQrS;       // Access the outputs of fe2    
 angle2 = fe2.ThetaFlux;   // Access the outputs of fe2  
 
} 
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Constant Computation Macro 
 



Since the flux estimator of Induction motor module requires eight constants (K1,…, K8) to be 
input basing on the machine parameters, base quantities, mechanical parameters, and sampling 
period. These eight constants can be internally computed by the macro (aci_fe_const.h). The 
followings show how to use the C constant computation macro. 



 
Object Definition  



The structure of ACIFE_CONST object is defined by following structure definition 
 



   typedef struct  { float32  Rs;   // Input: Stator resistantance 
  float32  Rr;  // Input: Rotor resistance (ohm) 



    float32  Ls;  // Input: Stator inductance (H)          
    float32 Lr;  // Input: Rotor inductance (H)             
                            float32  Lm;  // Input: Magnetizing inductance (H) 
    float32  Ib;   // Input: Base phase current (amp)  
    float32  Vb;  // Input: Base phase voltage (volt)  
    float32  Ts;  // Input: Sampling period in sec   
    float32  K1;  // Output: constant using in rotor flux calculation  
    float32  K2;  // Output: constant using in rotor flux calculation  
    float32  K3;  // Output: constant using in rotor flux calculation  
    float32  K4;  // Output: constant using in stator current calculation  
    float32  K5;  // Output: constant using in stator current calculation  
    float32  K6;  // Output: constant using in stator current calculation  
    float32  K7;  // Output: constant using in stator current calculation  
    float32  K8;  // Output: constant using in torque calculation 
  } ACIFE_CONST; 
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Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rs Stator resistance (ohm) Floating N/A 



Rr Rotor resistance (ohm) Floating N/A 
Ls Stator inductance (H) Floating N/A 
Lr Rotor inductance (H) Floating N/A 
Lm Magnetizing inductance (H) Floating N/A 
Ib Base phase current (amp) Floating N/A 
Vb Base phase voltage (volt) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs K1 constant using in rotor flux calculation   Floating N/A 
K2 constant using in rotor flux calculation   Floating N/A 
K3 constant using in rotor flux calculation   Floating N/A 
K4 constant using in stator current cal. Floating N/A 
K5 constant using in stator current cal. Floating N/A 
K6 constant using in stator current cal. Floating N/A 
K7 constant using in stator current cal. Floating N/A 
K8 constant using in torque calculation   Floating N/A 



 
 
Special Constants and Data types 
  
 ACIFE_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the flux estimation of Induction Motor constant computation module. To create multiple 
instances of the module simply declare variables of type ACIFE_CONST. 
 



 
 ACIFE_CONST_DEFAULTS 



Structure symbolic constant to initialize ACIFE_CONST module. This provides the initial values to 
the terminal variables as well as method pointers.  



 
 
 



Module Usage   
 
Instantiation 



             The following example instances two ACIFE_CONST objects 
             ACIFE_CONST fe1_const, fe2_const; 
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Initialization 



To Instance pre-initialized objects 
ACIFE_CONST fe1_const = ACIFE_CONST_DEFAULTS; 
ACIFE_CONST fe2_const = ACIFE_CONST_DEFAULTS; 



 
Invoking the computation macro 
ACIFE_CONST_MACRO(fe1_const); 
ACIFE_CONST_MACRO(fe2_const); 



 
  



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 



fe1_const.Rs = Rs1;  // Pass floating-point inputs to fe1_const  
fe1_const.Rr = Rr1;  // Pass floating-point inputs to fe1_const  
fe1_const.Ls = Ls1;  // Pass floating-point inputs to fe1_const  
fe1_const.Lr = Lr1;  // Pass floating-point inputs to fe1_const  
fe1_const.Lm = Lm1;  // Pass floating-point inputs to fe1_const  
fe1_const.Ib = Ib1;  // Pass floating-point inputs to fe1_const  
fe1_const.Vb = Vb1;  // Pass floating-point inputs to fe1_const  
fe1_const.Ts = Ts1;  // Pass floating-point inputs to fe1_const  



 
fe2_const.Rs = Rs2;  // Pass floating-point inputs to fe2_const  
fe2_const.Rr = Rr2;  // Pass floating-point inputs to fe2_const  
fe2_const.Ls = Ls2;  // Pass floating-point inputs to fe2_const  
fe2_const.Lr = Lr2;  // Pass floating-point inputs to fe2_const  
fe2_const.Lm = Lm2;  // Pass floating-point inputs to fe2_const  
fe2_const.Ib = Ib2;  // Pass floating-point inputs to fe2_const  
fe2_const.Vb = Vb2;  // Pass floating-point inputs to fe2_const  
fe2_const.Ts = Ts2;  // Pass floating-point inputs to fe2_const  
 
ACIFE_CONST_MACRO(fe1_const);  // Call compute macro for fe1_const 
ACIFE_CONST_MACRO (fe2_const);  // Call compute macro for fe2_const 



 
fe1.K1 = _IQ(fe1_const.K1);  // Access the floating-point outputs of fe1_const  
             .      . 
  .      . 
 .      . 
fe1.K8 = _IQ(fe1_const.K8); // Access the floating-point outputs of fe1_const  
 



 
fe2.K1 = _IQ(fe2_const.K1);  // Access the floating-point outputs of fe2_const  
             .      . 
  .      . 
 .      . 
fe2.K8 = _IQ(fe2_const.K8);    // Access the floating-point outputs of fe2_const 



 
}  
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Technical Background 
 



The overall of the flux estimator [1] can be shown in Figure 1. The rotor flux linkages in the 
stationary reference frame are mainly computed by means of the integral of back emf’s in the 
voltage model.  By introducing the compensated voltages generated by PI compensators, the 
errors associated with pure integrator and stator resistance measurement can be taken care. The 
equations derived for this flux estimator are summarized as follows: 
 
Continuous time: 
 



Firstly, the rotor flux linkage dynamics in synchronously rotating reference frame ( )
re ψω=ω=ω  



can be shown as below:  



                                   ( ) i,e
qrre



i,e
dr
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e
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τ
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ψ
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                                   ( ) i,e
drre



i,e
qr



r



e
qs



r
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ψ
                           (2) 



where Lm is the magnetizing inductance (H), 
r



r
r R



L
=τ is the rotor time constant (sec), and ωr is 



the electrically angular velocity of rotor (rad/sec). 
 
In the current model, total rotor flux linkage is aligned into the d-axis component, which is 
modeled by the stator currents, thus 



                                              
i,e



dr
i,e



r ψ=ψ  and  0i,e
qr =ψ      (3) 



Substituting 0i,e
qr =ψ  into (1)-(2), yields the oriented rotor flux dynamics are  
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                                                0i,e
qr =ψ        (5) 



Note that (4) and (5) are the classical rotor flux vector control equations. Then, the rotor flux 
linkages in (4)-(5) are transformed into the stationary reference frame performed by inverse park 
transformation. 



                              ( ) ( ) ( )
rrr



cossincos i,e
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                              ( ) ( ) ( )
rrr



sincossin i,e
dr



i,e
qr



i,e
dr



i,s
qr ψψψ θψ=θψ+θψ=ψ     (7) 



where 
rψθ is the rotor flux angle (rad). 



 
Then, the stator flux linkages in stationary reference frame are computed from the rotor flux 
linkages in (6)-(7) 
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 Figure 1: Overall system of flux estimator 
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where Ls and Lr are the stator and rotor self inductance (H), respectively. 
 
Next, the stator flux linkages in the voltage model is computed by means of back emf’s integration 
with compensated voltages.  
                                           ( )dtuRiu ds,comps



s
ds



s
ds



v,s
ds ∫ −−=ψ                   (10) 



                                           ( )dtuRiu qs,comps
s
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s
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v,s
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where Rs is the stator resistance (Ω), s
qs



s
ds u,u  are stationary dq-axis stator voltages, and the 



compensated voltages are computed by the PI control law as follows: 
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The proportional gain KP and the reset time TI are chosen such that the flux linkages computed by 
current model is dominant at low speed because the back emf’s computed by the voltage model 
are extremely low at this speed range (even zero back emf’s at zero speed). While at high speed 
range, the flux linkages computed by voltage model is dominant.   
 
Once the stator flux linkages in (10)-(11) are calculated, the rotor flux linkages based on the 
voltage model are further computed, by rearranging (8)-(9), as  
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Then, the rotor flux angle based on the voltage model is finally computed as 
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Discrete time: 
 
The oriented rotor flux dynamics in (4) is discretized by using backward approximation as follows: 
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where T is the sampling period (sec). Rearranging (17), then it gives 
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Next, the stator flux linkages in (10)-(11) are discretized by using trapezoidal (or tustin) 
approximation as 
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where the back emf’s are computed as 
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Similarly, the PI control laws in (12)-(13) are also discretized by using trapezoidal approximation 
as 
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where the accumulating integral terms are as 



                        
( )
( ))k()k(KK)1k(u



)k()k(
T



TK)1k(u)k(u



i,s
ds



v,s
dsIPi,ds,comp



i,s
ds



v,s
ds



I



P
i,ds,compi,ds,comp



ψ−ψ+−=



ψ−ψ+−=
    (25) 



                        
( )
( ))k()k(KK)1k(u



)k()k(
T



TK)1k(u)k(u



i,s
qs



v,s
qsIPi,qs,comp



i,s
qs



v,s
qs



I



P
i,qs,compi,qs,comp



ψ−ψ+−=



ψ−ψ+−=
    (26) 



where 
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Discrete time and Per-unit: 
 
Now all equations are normalized into the per-unit by the specified base quantities. Firstly, the 
rotor flux linkage in current model (18) is normalized by dividing the base flux linkage as 
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where bmb IL=ψ  is the base flux linkage (volt.sec) and Ib is the base current (amp). 
 
Next, the stator flux linkages in the current model (8)-(9) are similarly normalized by dividing the 
base flux linkage as 
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Then, the back emf’s in (21)-(22) are normalized by dividing the base phase voltage Vb 
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Next, the stator flux linkages in the voltage model (19)-(20) are divided by the base flux linkage. 
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Similar to (28)-(29), the normalized rotor flux linkages in voltage model are 
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In conclusion, the discrete-time, per-unit equations are rewritten in terms of constants.  
 



Current model – rotor flux linkage in synchronously rotating reference frame ( )
rψω=ω  
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Current model – rotor flux linkages in the stationary reference frame ( )0=ω  
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Voltage model – back emf’s in the stationary reference frame ( )0=ω  
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Voltage model – stator flux linkages in the stationary reference frame ( )0=ω  
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Voltage model – rotor flux linkages in the stationary reference frame ( )0=ω  
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Voltage model – rotor flux angle 
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Notice that the rotor flux angle is computed by a look-up table of 0o-45o with 256 entries. 
 
In fact, equations (36)-(44) are mainly employed to compute the estimated flux linkages in per-
unit. The required parameters for this module are summarized as follows:  
 
The machine parameters: 
- stator resistance  (Rs) 
- rotor resistance  (Rr) 
- stator leakage inductance (Lsl) 
- rotor leakage inductance (Lrl)  
- magnetizing inductance (Lm)  
 
The based quantities:  
- base current (Ib) 
- base phase voltage (Vb) 
 
The sampling period:  
- sampling period (T) 
 



Notice that the stator self inductance is msls LLL +=  (H) and the rotor self inductance is 



mrlr LLL += (H). 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. aci_fe.h). The software module requires that both input and output 
variables are in per unit values. 
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 Equation Variables Program Variables 
 



 
Inputs 



s
dsu  UDsS 



s
qsu  UQsS 



s
dsi  IDsS 



s
qsi  IQsS 



 
Outputs 



v,s
drψ  PsiDrS 



v,s
qrψ  PsiQrS 



rψθ  ThetaFlux 



 
 
 
 
 
 
 
 



Others 
 



i,e
drψ  FluxDrE 



i,s
drψ  FluxDrS 



i,s
qrψ  FluxQrS 



i,s
dsψ  FluxDsS 



i,s
qsψ  FluxQsS 



v,s
dsψ  PsiQsS 



v,s
qsψ  PsiQsS 



s
dse  EmfDsS 



s
qse  EmfQsS 



ds,compu  UCompDsS 



qs,compu  UCompQsS 



 
Table 1: Correspondence of notations 



 
 
References: 



 
[1]  C. Lascu, I. Boldea, and F. Blaabjerg, “A modified direct torque control for induction 



motor sensorless drive”, IEEE Trans. Ind. Appl., vol. 36, no. 1, pp. 122-130, 
January/February 2000. 
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Description Converts balanced three phase quantities into balanced two phase quadrature 



quantities. 
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: clarke.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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C Interface 
 
Object Definition 
  
The structure of CLARKE object is defined by following structure definition 



 
typedef struct {  _iq  As;              // Input: phase-a stator variable   
  _iq  Bs;   // Input: phase-b stator variable   



_iq  Cs;   // Input: phase-c stator variable   
  _iq  Alpha;  // Output: stationary d-axis stator variable   
  _iq  Beta;  // Output: stationary q-axis stator variable   
           } CLARKE;              
 
    



Item Name Description Format* Range(Hex) 



Inputs 



As Phase ‘a’ component of the 
balanced three phase quantities GLOBAL_Q 80000000-7FFFFFFF 



Bs Phase ‘b’ component of the 
balanced three phase quantities GLOBAL_Q 80000000-7FFFFFFF 



Cs Phase ‘c’ component of the 
balanced three phase quantities GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Alpha Direct axis(d) component of the 



transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Beta Quadrature axis(q) component of 
the transformed signal GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 CLARKE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the Clarke variable transformation. To create multiple instances of the module simply declare 
variables of type CLARKE. 



  
 
 CLARKE_DEFAULTS 



Structure symbolic constant to initialize CLARKE module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two CLARKE objects 
             CLARKE  clarke1, clarke2; 
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Initialization 
To Instance pre-initialized objects 
CLARKE clarke1 = CLARKE_DEFAULTS; 
CLARKE clarke2 = CLARKE_DEFAULTS; 



 
Invoking the computation macro 



CLARKE_MACRO (clarke1); 
CLARKE_MACRO (clarke2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



clarke1.As = as1;  // Pass inputs to clarke1  
         clarke1.Bs = bs1;       // Pass inputs to clarke1  
 



clarke2.As = as2;  // Pass inputs to clarke2  
         clarke2.Bs = bs2;           // Pass inputs to clarke2  



 
CLARKE_MACRO (clarke1); // Call compute macro for clarke1    
CLARKE_MACRO (clarke2); // Call compute macro for clarke2    
 



             ds1 = clarke1.Alpha;  // Access the outputs of clarke1  
 qs1 = clarke1.Beta;      // Access the outputs of clarke1   
   
             ds2 = clarke2.Alpha;  // Access the outputs of clarke2   
 qs2 = clarke2.Beta;      // Access the outputs of clarke2 
} 
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Technical Background 
 



Here it is assumed that all three phases are balanced ( i.e. Ia + Ib + Ic=0 ) and they have positive 
sequence (ABC) as follows: 
 
𝐼𝑎 = 𝐼 × cos(𝑤𝑡)     



             𝐼𝑏 = 𝐼 × cos(𝑤𝑡 − 2𝜋/3) 
             𝐼𝑐 = 𝐼 × cos (𝑤𝑡 − 4𝜋/3) 



 
This macro implements the following equations: 
 



�
𝐼𝛼 = 𝐼𝑎



 𝐼𝛽 = (2𝐼𝑏 + 𝐼𝑎)/√3
�              which result in                                          � 𝐼𝛼 = 𝐼 × cos(𝑤𝑡)



 𝐼𝛽 = 𝐼 × 𝑠𝑖𝑛(𝑤𝑡)
� 



  
This transformation converts balanced three phase quantities into balanced two phase 
quadrature quantities as shown in figure below.                     
 



                     3-phase                Quadrature: 2-phase 
 



 
  
 
 
 
 
 
 
 
 
 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. clarke.h). The software module requires that both input and output 
variables are in per unit values. 
 



 Equation Variables Program Variables 



Inputs 
ia As 
ib Bs 
ic Cs 



Outputs Iα Alpha 
Iβ Beta 



 
Table 1: Correspondence of notations 
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COMTN_TRIG Commutation Trigger Generator for BLDC Drive 
 
 
Description This module determines the Bemf zero crossing points of a 3-ph BLDC motor 



based on motor phase voltage measurements and then generates the 
commutation trigger points for the 3-ph power inverter switches. 



 
 
 
 
 
                            



 
 
 



 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point     
 



C Version File Names: com_trig.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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COMTN_TRIG C Interface 
 
C Interface 
 
Object Definition  



The structure of CMTN object is defined by following structure definition 
 



typedef  struct { Uint32 CmtnTrig;         // Output: Commutation trigger output (0 or 00007FFF)        
                         _iq Va;                               // Input: Motor phase a voltages referenced to GND  
                         _iq Vb;                               // Input: Motor phase b voltages referenced to GND   
                         _iq Vc;                               // Input: Motor phase c voltages referenced to GND  
                         _iq Neutral;                       // Variable: 3*Motor netural voltage  
                         Uint32 RevPeriod;            // Variable: revolution time counter (Q0)         
                         Uint32 ZcTrig;                   // Variable: Zero-Crossing trig flag (0 or 00007FFF)    
                         Uint32 CmtnPointer;         // Input: Commutation state pointer input (Q0)  
                         _iq DebugBemf;                // Variable: 3*Back EMF = 3*(vx=vn), x=a,b,c  
                         Uint32 NoiseWindowCounter; // Variable: Noise windows counter (Q0)  
                         Uint32 Delay30DoneFlag;       // Variable: 30 Deg delay flag (0 or 0000000F)   
                         Uint32 NewTimeStamp;     // Variable: Time stamp (Q0)  
                         Uint32 OldTimeStamp;       // History: Previous time stamp (Q0)  
             Uint32 VirtualTimer;           // Input: Virtual timer (Q0)  
                         Uint32 CmtnDelay;             // Variable: Time delay (Q0)      
                         Uint32 DelayTaskPointer;  // Variable: Delay task pointer, see note below (0 or 1)  
                         Uint32 NoiseWindowMax;  // Variable: Maximum noise windows counter (Q0)  
                         Uint32 CmtnDelayCounter;   // Variable: Time delay counter (Q0)  
                         Uint32 NWDelta;                   // Variable: Noise windows delta (Q0)  
                         Uint32 NWDelayThres;         // Variable: Noise windows dynamic threshold (Q0)  
                } CMTN; 
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COMTN_TRIG C Interface 
 



    
Item Name Description Format* Range(Hex) 



Inputs 



CmtnPointer 



Commutation state pointer 
input. This is used for Bemf 
zero crossing point calculation 
for the appropriate motor 
phase. 



Q0 0 - 5 



Va Motor phase-a voltages 
referenced to GND. GLOBAL_Q 00000000-7FFFFFFF 



Vb Motor phase-b voltages 
referenced to GND. GLOBAL_Q 00000000-7FFFFFFF 



Vc Motor phase-c voltages 
referenced to GND. GLOBAL_Q 00000000-7FFFFFFF 



VirtualTimer 
A virtual timer used for 
commutation delay angle 
calculation. 



Q0 80000000-7FFFFFFF 



Output CmtnTrig Commutation trigger output. Q0 0 or 00007FFF 



Internal 



Neutral 3*Motor netural voltage GLOBAL_Q 80000000-7FFFFFFF 
RevPeriod revolution time counter Q0 00000000-7FFFFFFF 
ZcTrig Zero-Crossing trig flag Q0 0 or 00007FFF 
DebugBemf 3*Back EMF GLOBAL_Q 80000000-7FFFFFFF 
NoiseWindowCounter Noise windows counter Q0 80000000-7FFFFFFF 
Delay30DoneFlag 30 Deg delay flag Q0 0 or 0000000F 
NewTimeStamp Time stamp Q0 00000000-7FFFFFFF 
OldTimeStamp Previous time stamp Q0 00000000-7FFFFFFF 



CmtnDelay Time delay in terms of number 
of sampling time periods Q0 00000000-7FFFFFFF 



DelayTaskPointer Delay task pointer Q0 0 or 1 



NoiseWindowMax Maximum noise windows 
counter Q0 80000000-7FFFFFFF 



CmtnDelayCounter Time delay counter Q0 80000000-7FFFFFFF 
NWDelta Noise windows delta Q0 80000000-7FFFFFFF 



NWDelayThres Noise windows dynamic 
threshold Q0 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 CMTN 



The module definition is created as a data type. This makes it convenient to instance an interface 
to ramp generator. To create multiple instances of the module simply declare variables of type 
CMTN. 



  
 
 CMTN_DEFAULTS 



Structure symbolic constant to initialize CMTN module. This provides the initial values to the 
terminal variables as well as method pointers.  
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COMTN_TRIG C Interface 
 



 
Module Usage   



 
Instantiation 



             The following example instances two CMTN objects 
             CMTN cm_trig1, cm_trig2; 
 



Initialization 
To Instance pre-initialized objects 
CMTN cm_trig1 = CMTN_DEFAULTS; 
CMTN cm_trig2 = CMTN_DEFAULTS; 



 
Invoking the computation macro 
CMTN_TRIG_MACRO (cm_trig1); 
CMTN_TRIG_MACRO (cm_trig2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



cm_trig1.CmtnPointer = input11;              // Pass inputs to cm_trig1  
cm_trig1.Va = input12;               // Pass inputs to cm_trig1  
cm_trig1.Vb = input13;               // Pass inputs to cm_trig1  
cm_trig1.Vc = input14;               // Pass inputs to cm_trig1  
cm_trig1.VirtualTimer = input15;              // Pass inputs to cm_trig1  
 
cm_trig2.CmtnPointer = input21;              // Pass inputs to cm_trig2  
cm_trig2.Va = input22;               // Pass inputs to cm_trig2  
cm_trig2.Vb = input23;               // Pass inputs to cm_trig2  
cm_trig2.Vc = input24;               // Pass inputs to cm_trig2  
cm_trig2.VirtualTimer = input25;              // Pass inputs to cm_trig2  
 
CMTN_TRIG_MACRO (cm_trig1);   // Call compute macro for cm_trig1 
CMTN_TRIG_MACRO (cm_trig2);   // Call compute macro for cm_trig2  
 



             out1 = cm_trig1.CmtnTrig;  // Access the outputs of cm_trig1 
             out2 = cm_trig2.CmtnTrig;  // Access the outputs of cm_trig2   
} 
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COMTN_TRIG Technical Background 
 
 
Technical Background 
 
 



Figure 1 shows the 3-phase power inverter topology used to drive a 3-phase BLDC motor. In this 
arrangement, the motor and inverter operation is characterized by a two phase ON operation. 
This means that two of the three phases are always energized, while the third phase is turned off. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



Figure 1: Three Phase Power Inverter for a BLDC Motor Drive 



 



The bold arrows on the wires indicate the Direct Current flowing through two motor stator phases. 
For sensorless control of BLDC drives it is necessary to determine the zero crossing points of the 
three Bemf voltages and then generate the commutation trigger points for the associated 3-ph 
power inverter switches.  



 



The figure below shows the basic hardware necessary to perform these tasks. 
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COMTN_TRIG Technical Background 
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Figure 2: Basic Sensorless Additional Hardware 



The resistor divider circuit is specified such that the maximum output from this voltage sensing 
circuit utilizes the full ADC conversion range. The filtering capacitor should filter the chopping 
frequency, so only very small values are necessary (in the range of nF). The sensorless algorithm 
is based only on the three motor terminal voltage measurements and thus requires only four ADC 
input lines.  



Figure 3 shows the motor terminal model for phase A, where L is the phase inductance, R is the 
phase resistance, Ea is the back electromotive force, Vn is the star connection voltage referenced 



to ground and Va is the phase voltage referenced to ground. Va voltages are measured by 
means of the DSP controller ADC Unit and via the voltage sense circuit shown in Figure 2. 
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Figure 3: Stator Terminal Electrical Model 
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Assuming that phase C is the non-fed phase it is possible to write the following equations for the 
three terminal voltages:  



VnEa
dt
dIaLRIaVa +++= . 



VnEb
dt
dIbLRIbVb +++=  



VnEcVc +=  
 



As only two currents flow in the stator windings at any one time, two phase currents are equal 
and opposite. Therefore, 



IbIa −=  



Thus, by adding the three terminal voltage equations we have, 



Vn3EcEbEaVcVbVa +++=++  



The instantaneous Bemf waveforms of the BLDC motor are shown in figure 4. From this figure it 
is evident that at the Bemf zero crossing points the sum of the three Bemfs is equal to zero. 
Therefore the last equation reduces to, 



Vn3VcVbVa =++  



This equation is implemented in the code to compute the neutral voltage. In the code, the quantity 
3Vn is represented by the variable called Neutral.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 4: Instantaneous Bemf Wave-forms  
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COMTN_TRIG Technical Background 
  



Bemf Zero Crossing Point Computation 
 



For the non-fed phase (zero current flowing), the stator terminal voltage can be rewritten as 
follows: 



Vn3Vc33Ec −= . 
 



This equation is used in the code to calculate the Bemf zero crossing point of the non-fed phase 
C. Similar equations are used to calculate the Bemf zero crossing points of other Bemf voltages 
Ea and Eb. As we are interested in the zero crossing of the Bemf it is possible to check only for 
the Bemf sign change; this assumes that the Bemf scanning loop period is much shorter than the 
mechanical time constant. This function is computed after the three terminal voltage samples, 
e.g., once every 16.7µs (60kHz sampling loop). 



 
Electrical Behaviour at Commutation Points 



At the instants of phase commutation, high dV/dt and dI/dt glitches may occur due to the direct 
current level or to the parasitic inductance and capacitance of the power board. This can lead to a 
misreading of the computed neutral voltage. This is overcomed by discarding the first few scans 
of the Bemf once a new phase commutation occurs. In the code this is implemented by the 
function named ‘NOISE_WIN’. The duration depends on the power switches, the power board 
design, the phase inductance and the driven direct current. This parameter is system-dependent 
and is set to a large value in the low speed range of the motor. As the speed increases, the s/w 
gradually lowers this duration since the Bemf zero crossings also get closer at higher speed.  



 
Commutation Instants Computation 



In an efficient sensored control the Bemf zero crossing points are displaced 30º from the instants 
of phase commutation. So before running the sensorless BLDC motor with help of the six zero 
crossing events it is necessary to compute the time delay corresponding to this 30º delay angle 
for exact commutation points. This is achieved by implementing a position interpolation function. 
In this software it is implemented as follows: let T be the time that the rotor spent to complete the 
previous revolution and α be the desired delay angle. By dividing α by 360º and multiplying the 
result by T we obtain the time duration to be spent before commutating the next phase pair. In the 
code this delay angle is fixed to 30º. The corresponding time delay is represented in terms of the 
number of sampling time periods and is stored in the variable CmtnDelay. Therefore, 



Time delay = CmtnDelay .Ts = T(α/360) = VirtualTimer.Ts(α/360) = VirtualTimer . Ts/12 



Where, Ts is the sampling time period and VirtualTimer is a timer that counts the number of 
sampling cycles during the previous revolution of the rotor. 



 



The above equation is further simplified as, 



CmtnDelay = VirtualTimer /12 



This equation is implemented in the code in order to calculate the time delay corresponding to the 
30º commutation delay angle. 
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CUR_MOD Current Model 
 
 
 
Description This module takes as input both IQs and IDs, currents coming from the PARK 



transform, as well as the rotor mechanical speed and gives the rotor flux position. 
 
 



CURMOD
MACRO



IQs



IDs



Wr



Theta



 
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: cur_mod.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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CUR_MOD C Interface 
 
 
C Interface 
 
Object Definition  



 
The structure of CURMOD object is defined by following structure definition 
 



typedef struct   { _iq  IDs;  // Input: Syn. rotating d-axis current   
    _iq  IQs; // Input: Syn. rotating q-axis current   
    _iq  Wr; // Input: Rotor electrically angular velocity                          
                            _iq  IMDs; // Variable: Syn. rotating d-axis magnetizing current 
    _iq  Theta; // Output: Rotor flux angle 
                            _iq  Kr; // Parameter: constant using in magnetizing current calc                     
                            _iq  Kt; // Parameter: constant using in slip calculation  
    _iq  K;  // Parameter: constant using in rotor flux angle calculation 
  } CURMOD; 
 



 
Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs IDs Syn. rotating d-axis current GLOBAL_Q 80000000-7FFFFFFF 



IQs Syn. rotating d-axis current GLOBAL_Q 80000000-7FFFFFFF 
Wr Rotor electrically angular velocity GLOBAL_Q 80000000-7FFFFFFF 



Outputs Theta Rotor flux angle GLOBAL_Q 00000000-7FFFFFFF  
(0 – 360 degree) 



CUR_MOD 
parameter 



Kr Kr = T/Tr GLOBAL_Q 80000000-7FFFFFFF 
Kt Kt = 1/(Tr*wb) GLOBAL_Q 80000000-7FFFFFFF 
K K =  T*fb GLOBAL_Q 80000000-7FFFFFFF 



Internal Wslip Slip frequency GLOBAL_Q 80000000-7FFFFFFF 
We Synchronous frequency GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued betWeen 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 CURMOD 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the current model. To create multiple instances of the module simply declare variables of type 
CURMOD. 



  
 
 CURMOD_DEFAULTS 



Structure symbolic constant to initialize CURMOD module. This provides the initial values to the 
terminal variables as Well as method pointers.  
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CUR_MOD C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two CURMOD objects 
             CURMOD  cm1, cm2; 
 
 Initialization 



To Instance pre-initialized objects 
CURMOD cm1 = CURMOD_DEFAULTS; 
CURMOD cm2 = CURMOD_DEFAULTS; 



 
Invoking the computation macro 
CURMOD_MACRO(cm1); 
CURMOD_MACRO(cm2); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 



cm1.Kr = parem1_1;   // Pass parameters to cm1  
cm1.Kt = parem1_2;   // Pass parameters to cm1  
cm1.K = parem1_3;   // Pass parameters to cm1  
 
cm2.Kr = parem2_1;   // Pass parameters to cm2  
cm2.Kt = parem2_2;   // Pass parameters to cm2  
cm2.K = parem2_3;   // Pass parameters to cm2  



 
}  
void interrupt periodic_interrupt_isr() 
{  



cm1.IDs = de1;              // Pass inputs to cm1 
cm1.IQs = qe1;    // Pass inputs to cm1 



 cm1.Wr = Wr1;   // Pass inputs to cm1 
 



cm2.IDs = de2;              // Pass inputs to cm2 
cm2.IQs = qe2;    // Pass inputs to cm2 



 cm2.Wr = Wr2;   // Pass inputs to cm2 
  



CURMOD_MACRO(cm1);  // Call compute macro for cm1  
CURMOD_MACRO(cm2);  // Call compute macro for cm2  
 



             ang1 = cm1.Theta;             // Access the outputs of cm1  
             ang2 = cm2.Theta;         // Access the outputs of cm2   
} 
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CUR_MOD CONST C Interface 
 
 
Constant Computation Macro 
 



Since the current model module requires three constants (Kr, Kt, and K) to be input basing on the 
machine parameters, base quantities, mechanical parameters, and sampling period. These four 
constants can be internally computed by the macro (cur_const.h). The followings show how to 
use the C constant computation macro. 



 
 
Object Definition  



The structure of CURMOD_CONST object is defined by following structure definition 
 



typedef struct {    float32  Rr;      // Input: Rotor resistance (ohm)                 
    float32  Lr; // Input: Rotor inductance (H)         
    float32  fb;       // Input: Base electrical frequency (Hz) 
    float32  Ts; // Input: Sampling period (sec)  
    float32  Kr; // Output: constant using in magnetizing current calculation  
    float32  Kt; // Output: constant using in slip calculation 
    float32  K; // Output: constant using in rotor flux angle calculation 
            } CURMOD_CONST;         
           



 
Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rr Rotor resistance (ohm) Floating N/A 



Lr Rotor inductance (H) Floating N/A 
fb Base electrical frequency (Hz) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs Kr constant using in current model calculation   Floating N/A 
Kt constant using in current model calculation   Floating N/A 
K constant using in current model calculation   Floating N/A 



 
 



Special Constants and Data types 
   
 CURMOD_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the current model constant computation module. To create multiple instances of the module 
simply declare variables of type CURMOD_CONST. 
 



 
 CURMOD_CONST_DEFAULTS 



Structure symbolic constant to initialize CURMOD_CONST module. This provides the initial 
values to the terminal variables as Well as method pointers.  
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CUR_MOD CONST C Interface 
 
 
 



Module Usage   
 
Instantiation 



 The following example instances two CURMOD_CONST objects 
 CURMOD_CONST cm1_const, cm2_const; 



 
            Initialization 



To Instance pre-initialized objects 
CURMOD_CONST cm1_const = CURMOD_CONST_DEFAULTS; 
CURMOD_CONST cm2_const = CURMOD_CONST_DEFAULTS; 
 
Invoking the computation macro 
CURMOD_CONST_MACRO (cm1_const); 
CURMOD_CONST_MACRO (cm2_const); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 



cm1_const.Rr = Rr1;  // Pass floating-point inputs to cm1_const  
cm1_const.Lr = Lr1;  // Pass floating-point inputs to cm1_const  
cm1_const.fb = Fb1;  // Pass floating-point inputs to cm1_const  
cm1_const.Ts = Ts1;  // Pass floating-point inputs to cm1_const  



 
cm2_const.Rr = Rr2;  // Pass floating-point inputs to cm2_const  
cm2_const.Lr = Lr2;  // Pass floating-point inputs to cm2_const  
cm2_const.fb = Fb2;  // Pass floating-point inputs to cm2_const  
cm2_const.Ts = Ts2;  // Pass floating-point inputs to cm2_const  



 
CURMOD_CONST_MACRO (cm1_const); // Call compute macro for cm1_const  
CURMOD_CONST_MACRO (cm2_const); // Call compute macro for cm2_const  



 
cm1.Kr = _IQ(cm1_const.Kr);    // Access the floating-point outputs of cm1_const  
cm1.Kt = _IQ(cm1_const.Kt);    // Access the floating-point outputs of cm1_const   
cm1.K = _IQ(cm1_const.K);    // Access the floating-point outputs of cm1_const   
 
cm2.Kr = _IQ(cm2_const.Kr);    // Access the floating-point outputs of cm2_const   
cm2.Kt = _IQ(cm2_const.Kt);    // Access the floating-point outputs of cm2_const   
cm2.K = _IQ(cm2_const.K);    // Access the floating-point outputs of cm2_const   



 
}  
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Technical Background 
 



With the asynchronous drive, the mechanical rotor angular speed is not by definition, equal to the 
rotor flux angular speed. This implies that the necessary rotor flux position cannot be detected 
directly by the mechanical position sensor used with the asynchronous motor (QEP or 
tachometer).  The current model module be added to the generic structure in the regulation block 
diagram to perform a current and speed closed loop for a three phases ACI motor in FOC control. 
 
The current model consists of implementing the following two equations of the motor in d,q 
reference frame: 
 



bmRR



qS



b



mR
mR



RdS



ωiT
i



n
dt
dθ



ω
1fs



i
dt



diTi



+==



+=
 



 
Where We have: 
 



- θ is the rotor flux position 
- mRi  is the magnetizing current 



- 
R



R
R R



LT =  is the rotor time constant with RL the rotor inductance and RR the rotor resistance. 



- fs is the rotor flux speed 



- bω  is the electrical nominal flux speed. 
 
Knowledge of the rotor time constant is critical to the correct functioning of the current model as it 
is this system that outputs the rotor flux speed that will be integrated to get the rotor flux position. 
 



Assuming that 
k1k qSqS ii ≈



+
the above equations can be discretized as follows: 
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In this equation system, T represents the Main loop control period. In a FOC control this usually 
corresponds to the Timer 1 underflow interrupt period. 
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Let the two above equations constants 
RT



T
 and 



bRωT
1



 be renamed respectively tK and RK . 



These two constants need to be calculated according to the motor parameters and initialize into 
the cur_mod.h file. 
 
Once the motor flux speed (fs) has been calculated, the necessary rotor flux position in per-unit (
θ ) is computed by the integration formula: 
 



ks1-k Kfθθ +=  
 



where bfTK =  
 
The user should be aware that the current model module constants depend on the motor 
parameters and need to be calculated for each type of motor. The information needed to do so 
are the rotor resistance, the rotor inductance (which is the sum of the magnetizing inductance and 



the rotor leakage inductance ( σRHR LLL += )). 



 
Next, Table 1 shows the correspondence of notations betWeen variables used here and variables 
used in the program (i.e. cur_mod.h). The software module requires that both input and output 
variables are in per unit values. 
 
 
 



 Equation Variables Program Variables 
Inputs 



qSi  IQs 



dSi  IDs 



n Wr 
Output θ  Theta 
Others mRi  IMDs 



 
Table 1: Correspondence of notations 
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IPARK Inverse Park Transformation 
 
 
 
Description This transformation projects vectors in orthogonal rotating reference frame into 



two phase orthogonal stationary frame. 
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: ipark.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



IPARK 
MACRO 
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IPARK C Interface 
 
 
C Interface 
 
Object Definition  



The structure of IPARK object is defined by following structure definition 
 



typedef struct {  _iq  Alpha;   // Output: stationary d-axis stator variable  
  _iq  Beta; // Output: stationary q-axis stator variable  
  _iq  Ds;  // Input: rotating d-axis stator variable  
  _iq  Qs;  // Input: rotating q-axis stator variable  
  _iq  Sine; // Input: sine term 
  _iq  Cosine; // Input: cosine term 
 
          } IPARK;              
 
    



Item Name Description Format* Range(Hex) 
Inputs 



Ds 
Direct axis(D) component of 
transformed signal in rotating 
reference frame 



GLOBAL_Q 80000000-7FFFFFFF 



Qs 
Quadrature axis(Q) component of 
transformed signal in rotating 
reference frame 



GLOBAL_Q 80000000-7FFFFFFF 



Sine Sine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Cosine Cosine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Outputs Alpha Direct axis(d) component of the 
transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Beta Quadrature axis(q) component of the 
transformed signal GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



 
 
Special Constants and Data types 
   
 IPARK 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the Inverse Park variable transformation. To create multiple instances of the module simply 
declare variables of type IPARK. 



  
 
 IPARK_DEFAULTS 



Structure symbolic constant to initialize IPARK module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
 
 
 
 
 
 



 
 











 



C2000 Systems and Applications   52 
 



IPARK C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two IPARK objects 
             IPARK ipark1, ipark2; 
 



Initialization 
To Instance pre-initialized objects 
IPARK ipark1 = IPARK_DEFAULTS; 
IPARK ipark2 = IPARK_DEFAULTS; 



 
Invoking the computation macro 
IPARK_MACRO (ipark1); 
IPARK_MACRO (ipark2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



ipark1.Ds = de1;             // Pass inputs to ipark1  
         ipark1.Qs = qe1;                   // Pass inputs to ipark1  
 ipark1.Angle = ang1;               // Pass inputs to ipark1    
 



ipark2.Ds = de2;             // Pass inputs to ipark2  
         ipark2.Qs = qe2;                   // Pass inputs to ipark2  
 ipark2.Angle = ang2;               // Pass inputs to ipark2    



 
IPARK_MACRO (ipark1); // Call compute macro for ipark1  
IPARK_MACRO (ipark2); // Call compute macro for ipark2   
 



             ds1 = ipark1.Alpha;  // Access the outputs of ipark1  
 qs1 = ipark1.Beta;      // Access the outputs of ipark1   
   
             ds2 = ipark2.Alpha;  // Access the outputs of ipark2  
 qs2 = ipark2.Beta;     // Access the outputs of ipark2  
 
} 
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IPARK Technical Background 
 
 
Technical Background 
 



 
Implements the following equations: 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. ipark.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Inputs 
ID Ds 
IQ Qs 
θ Angle 



sin Sine 
cos Cosine 



Outputs 
id Alpha 
iq Beta 



 
Table 1: Correspondence of notations 
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IMPULSE Impulse Generator Module 
 
 
 
Description This module implements a periodic impulse macro. The output variable Out is set 



to 0x00007FFF for 1 sampling period. The period of the output signal Out is 
specified by the input Period. 



. 
 



 
 



 
    



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point     
 



C Version File Names: impulse.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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IMPULSE C Interface 
 



 
C Interface 
 
Object Definition  



The structure of IMPULSE object is defined by following structure definition 
 



typedef struct { Uint32  Period;      // Input: Period of output in # of sampling cycles (Q0)  
             Uint32  Out;           // Output: Impulse output (0x00000000 or 0x00007FFF)  
             Uint32  Counter;    // Variable: Impulse generator counter (Q0)  
            } IMPULSE;                           
 
 
    



Item Name Description Format* Range(Hex) 
Input Period Period of output in # of sampling 



period Q0 00000000-7FFFFFFF 



Output Out Impulse output Q0 0 or 00007FFF 
Internal Counter Impulse generator counter Q0 00000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 IMPULSE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the impulse generator. To create multiple instances of the module simply declare variables of 
type IMPULSE. 



  
 
 IMPULSE_DEFAULTS 



Structure symbolic constant to initialize IMPULSE module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two IMPULSE objects 
             IMPULSE ig1, ig2; 
 



Initialization 
To Instance pre-initialized objects 
IMPULSE ig1 = IMPULSE_DEFAULTS; 
IMPULSE ig2 = IMPULSE_DEFAULTS; 
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IMPULSE C Interface 
 



 
Invoking the computation macro 
IMPULSE_MACRO (ig1); 
IMPULSE_MACRO (ig2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



ig1.Period = input1;      // Pass inputs to ig1  
ig2.Period = input2;      // Pass inputs to ig2  
 
IMPULSE_MACRO (ig1);  // Call compute macro for ig1    
IMPULSE_MACRO (ig2);  // Call compute macro for ig2    
 



             out1 = ig1.Out;    // Access the outputs of ig1  
             out2 = ig2.Out;    // Access the outputs of ig2  
 
} 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











 



C2000 Systems and Applications   57 
 



IMPULSE Technical Background 
 
 
Technical Background 
 



 
Implements the following equation: 
 
Out = 0x00007FFF, for t = n . Tout, n = 1, 2, 3, ……. 
           = 0, otherwise 
where, 
Tout = Time period of output pulses = Period x Ts 
Ts = Sampling time period 
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MOD6_CNT Modulo 6 Counter Module 
 
 
 
Description This module implements a modulo 6 counter. It counts from state 0 through 5, 



then resets to 0 and repeats the process.  The state of the output variable 
Counter changes to the next state every time it receives a trigger input through 
the input variable TrigInput. 



. 



MOD6CNT 
MACRO



TrigInput Counter



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: mod6_cnt.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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MOD6_CNT C Interface 
 
 
C Interface 
 
Object Definition  



The structure of MOD6CNT object is defined by following structure definition 
 



typedef struct { Uint32  TrigInput;       // Input: Modulo 6 counter trigger 0x0000 or 0x7FFF)  
             Uint32  Counter;        // Output: Modulo 6 counter output  (0,1,2,3,4,5)  
           } MOD6CNT;                           
 
    



Item Name Description Format* Range(Hex) 
Input TrigInput Modulo 6 counter trigger Q0 0 or 7FFF 
Outputs Counter Modulo 6 counter output Q0 0,1,2,3,4,5 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 MOD6CNT 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the modulo 6 counter. To create multiple instances of the module simply declare variables of 
type MOD6CNT. 



  
 
 MOD6CNT_DEFAULTS 



Structure symbolic constant to initialize MOD6CNT module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two MOD6CNT objects 
             MOD6CNT mod1, mod2; 
 



Initialization 
To Instance pre-initialized objects 
MOD6CNT mod1 = MOD6CNT_DEFAULTS; 
MOD6CNT mod2 = MOD6CNT_DEFAULTS; 



 
Invoking the computation macro 
MOD6CNT_MACRO (mod1); 
MOD6CNT_MACRO (mod2); 
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MOD6_CNT C Interface 
 



 
Example 



The following pseudo code provides the information about the module usage.  
 



main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



mod1.TrigInput = input1;     // Pass inputs to mod1  
mod2.TrigInput = input2;     // Pass inputs to mod2  
 
MOD6CNT_MACRO (mod1);  // Call compute macro for mod1   
MOD6CNT_MACRO (mod2);  // Call compute macro for mod2    
 



             out1 = mod1.Counter;   // Access the outputs of mod1  
             out2 = mod2.Counter;   // Access the outputs of mod2    
 
} 
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MOD6_CNT Technical Background 
 
 
Technical Background 
 



 
Counter  = 0, when 1st trigger pulse occur (TrigInput is set to 0x7FFF for the 1st time) 
               = 1, when 2nd trigger pulse occur(TrigInput is set to 0x7FFF for the 2nd time) 
               = 2, when 3rd trigger pulse occur (TrigInput is set to 0x7FFF for the 3rd time) 
               = 3, when 4th trigger pulse occur (TrigInput is set to 0x7FFF for the 4th time) 
               = 4, when 5th trigger pulse occur (TrigInput is set to 0x7FFF for the 5th time) 
               = 5, when 6th trigger pulse occur (TrigInput is set to 0x7FFF for the 6th time) 
and repeats the output states for the subsequent pulses. 
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PARK Park Transformation 
 



 
Description This transformation converts vectors in balanced 2-phase orthogonal stationary 



system into orthogonal rotating reference frame. 
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: park.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PARK C Interface 
 



 
 
C Interface 
 
Object Definition  



The structure of PARK object is defined by following structure definition 
 
typedef struct {  _iq  Alpha;    // Input: stationary d-axis stator variable  
  _iq  Beta;  // Input: stationary q-axis stator variable  
  _iq  Ds;   // Output: rotating d-axis stator variable  
  _iq  Qs;   // Output: rotating q-axis stator variable 
   _iq  Sine;  // Input: sine term 
  _iq  Cosine;  // Input: cosine term 
 
           } PARK;              
 
    



Item Name Description Format* Range(Hex) 
Inputs Alpha Direct axis(d) component of the 



transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Beta Quadrature axis(q) component of 
the transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Sine Sine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Cosine Cosine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ds 



Direct axis(D) component of 
transformed signal in rotating 



reference frame 
GLOBAL_Q 80000000-7FFFFFFF 



Qs 
Quadrature axis(Q) component of 



transformed signal in rotating 
reference frame 



GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 PARK 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the Park variable transformation. To create multiple instances of the module simply declare 
variables of type PARK. 



  
 
 PARK_DEFAULTS 



Structure symbolic constant to initialize PARK module. This provides the initial values to the 
terminal variables as well as method pointers.  
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PARK C Interface 
 



 
Module Usage   



 
Instantiation 



             The following example instances two PARK objects 
             PARK  park1, park2; 
 



Initialization 
To Instance pre-initialized objects 
PARK park1 = PARK_DEFAULTS; 
PARK park2 = PARK_DEFAULTS; 



 
Invoking the computation macro 
PARK_MACRO(park1); 
PARK_MACRO(park2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



park1.Alpha = ds1;             // Pass inputs to park1  
         park1.Beta = qs1;          // Pass inputs to park1  
 park1.Angle = ang1;               // Pass inputs to park1    
 



park2.Alpha = ds2;             // Pass inputs to park2  
         park2.Beta = qs2;                  // Pass inputs to park2  
 park2.Angle = ang2;               // Pass inputs to park2    



 
PARK_MACRO(park1);  // Call compute macro for park1    
PARK_MACRO(park2);  // Call compute macro for park2    
 



             de1 = park1.Ds;   // Access the outputs of park1    
 qe1 = park1.Qs;       // Access the outputs of park1    
   
             de2 = park2.Ds;   // Access the outputs of park2   
 qe2 = park2.Qs;       // Access the outputs of park2   
 
} 
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PARK Technical Background 
 
 
Technical Background 
 



Implements the following equations: 



 
 
This transformation converts vectors in 2-phase orthogonal stationary system into the rotating 
reference frame as shown in figure below: 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
The instantaneous input quantities are defined by the following equations: 
 
 
 
 
 
 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. park.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Inputs 
Iα Alpha 
Iβ Beta 
sin Sine 
cos Cosine 



Outputs 
ID Ds 
IQ Qs 



 
Table 1: Correspondence of notations 
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PHASE_VOLT Phase Voltage Reconstruction 
 
 
 
Description This software module calculates three phase voltages impressing to the 3-ph 



electric motor (i.e., induction or synchronous motor) by using the conventional 
voltage-source inverter. Three phase voltages can be reconstructed from the DC-
bus voltage and three switching functions of the upper power switching devices 
in the inverter. In addition, this software module also includes the clarke 
transformation changing from three phase voltages into two stationary dq-axis 
phase voltages. 



 
 



VOLT
MACRO



1MfuncV
2MfuncV
3MfuncV



DcBusVolt



VphaseA
VphaseB
VphaseC



Valpha



Vbeta
                    



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point     
 



C Version File Names: volt_calc.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PHASE_VOLT C Interface 
 
 
C Interface 
 
Object Definition  



The structure of PHASEVOLTAGE object is defined by following structure definition 
 



typedef struct { _iq  DcBusVolt; // Input: DC-bus voltage  
    _iq  MfuncV1;   // Input: Modulation voltage phase A  
    _iq  MfuncV2;  // Input: Modulation voltage phase B  
    _iq  MfuncV3;  // Input: Modulation voltage phase C  
                            Uint32  OutOfPhase;   // Parameter: Out of Phase adjustment (0 or 1) 
      _iq  VphaseA;  // Output: Phase voltage phase A  
    _iq  VphaseB;  // Output: Phase voltage phase B  
    _iq  VphaseC;  // Output: Phase voltage phase C  
    _iq  Valpha;  // Output: Stationary d-axis phase voltage  
    _iq  Vbeta;    // Output: Stationary q-axis phase voltage  
  } PHASEVOLTAGE;                     
 



 
    



Item Name Description Format* Range(Hex) 
Inputs DcBusVolt DC-bus voltage GLOBAL_Q 80000000-7FFFFFFF 



MfuncV1 Switching function of upper 
switching device 1 GLOBAL_Q 80000000-7FFFFFFF 



MfuncV2 Switching function of upper 
switching device 2 GLOBAL_Q 80000000-7FFFFFFF 



MfuncV3 Switching function of upper 
switching device 3 GLOBAL_Q 80000000-7FFFFFFF 



Outputs VphaseA Line-neutral phase voltage A GLOBAL_Q 80000000-7FFFFFFF 
VphaseA Line-neutral phase voltage A GLOBAL_Q 80000000-7FFFFFFF 
VphaseA Line-neutral phase voltage A GLOBAL_Q 80000000-7FFFFFFF 
Valpha Stationary d-axis phase voltage GLOBAL_Q 80000000-7FFFFFFF 
Vbeta Stationary q-axis phase voltage GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 PHASEVOLTAGE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to phase voltage reconstruction. To create multiple instances of the module simply declare 
variables of type PHASEVOLTAGE. 



  
 
 PHASEVOLTAGE_DEFAULTS 



Structure symbolic constant to initialize PHASEVOLTAGE module. This provides the initial values 
to the terminal variables as well as method pointers.  
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PHASE_VOLT C Interface 
 
 
 
Module Usage   



 
Instantiation 



             The following example instances two PHASEVOLTAGE objects 
             PHASEVOLTAGE volt1, volt2; 
 



Initialization 
To Instance pre-initialized objects 
PHASEVOLTAGE volt1 = PHASEVOLTAGE_DEFAULTS; 
PHASEVOLTAGE volt2 = PHASEVOLTAGE_DEFAULTS; 



 
Invoking the computation macro 
VOLT_MACRO(volt1); 
VOLT_MACRO(volt2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



volt1.DcBusVolt = dc_volt1;             // Pass inputs to volt1  
         volt1.MfuncV1 = M1_1;                  // Pass inputs to volt1  
         volt1.MfuncV2 = M2_1;                  // Pass inputs to volt1  
         volt1.MfuncV3 = M3_1;                  // Pass inputs to volt1  



 
volt2.DcBusVolt = dc_volt2;             // Pass inputs to volt2 



         volt2.MfuncV1 = M1_2;                  // Pass inputs to volt2 
         volt2.MfuncV2 = M2_2;                  // Pass inputs to volt2 
         volt2.MfuncV3 = M3_2;                  // Pass inputs to volt2 



 
VOLT_MACRO(volt1);   // Call compute macro for volt1   
VOLT_MACRO(volt2);   // Call compute macro for volt2   
 



             Vd1 = volt1.Valpha;   // Access the outputs of volt1 
 Vq1 = volt1.Vbeta;       // Access the outputs of volt1   
   
             Vd2 = volt2.Valpha;   // Access the outputs of volt2  
 Vq2 = volt2.Vbeta;       // Access the outputs of volt2   
} 
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PHASE_VOLT Technical Background 
 
 
Technical Background 
 



 
The phase voltage of a general 3-ph motor (Van, Vbn, and Vcn) can be calculated from the DC-bus 
voltage (Vdc) and three upper switching functions of inverter (S1, S2, and S3). The 3-ph windings of 
motor are connected as the Υ connection without a neutral return path (or 3-ph, 3-wire system). 
The overall system can be shown in Figure 1.      
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Figure 1: Voltage-source inverter with a 3-ph electric motor 



 
Each phase of the motor is simply modeled as a series impedance of resistance and inductance 
(r, L) and back emf (ea, eb, ec). Thus, three phase voltages can be computed as 



                                 a
a



anaan e
dt
di



LriVVV ++=−=     (1) 



                                 b
b



bnbbn e
dt
di



LriVVV ++=−=      (2) 



                                 c
c



cnccn e
dt
di



LriVVV ++=−=      (3) 



Summing these three phase voltages, yields 



      ( ) ( )
cba



cba
cbancba eee



dt
iiid



LriiiV3VVV +++
++



+++=−++     (4) 



Without a neutral return path, according to KCL, i.e., 0iii cba =++ , and the back emfs are 



balanced and symmetrical due to the 3-ph winding structures, i.e., 0eee cba =++ , so (4) 
becomes 



                                               0VVV cnbnan =++        (5) 
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PHASE_VOLT Technical Background 
 
Furthermore, the neutral voltage can be simply derived from (4)-(5) as  
 



                                             ( )cban VVV
3
1V ++=           (6) 



Now three phase voltages can be calculated as  



                              ( ) cbacbaaan V
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                              ( ) baccbaccn V
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Three voltages Va, Vb, Vc are related to the DC-bus voltage (Vdc) and three upper switching 
functions (S1, S2, S3) as the following relation. 



                                                    dc1a VSV =             (10) 



                                                    dc2b VSV =             (11) 



                                                    dc3c VSV =             (12) 
where S1, S2, S3 = either 0 or 1, and S4 = 1-S1, S5 = 1-S2, and S6 = 1-S3.       (13) 
 
As a result, three phase voltages in (7)-(9) can also be expressed in terms of DC-bus voltage and 
three upper switching functions as follows: 
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It is emphasized that the S1, S2, and S3 are defined as the upper switching functions. If the lower 
switching functions are available instead, then the out-of-phase correction of switching functions 
is required in order to get the upper switching functions as easily computed from equation (13).   
 
Next the clarke transformation changing from three phase voltages (Van, Vbn, and Vcn) to the 



stationary dq-axis phase voltages (
s
dsV , and s



qsV ) are applied by using the following 
relationship. Because of the balanced system (5), Vcn is not used in clarke transformation. 



                                                        an
s
ds VV =             (17) 



                                                        ( )bnan
s
qs V2V



3
1V +=            (18) 



Figure 2 depicts the abc-axis and stationary dq-axis components for the stator voltages of motor. 
Notice that the notation of the stationary dq-axis is sometimes used as the stationary αβ-axis, 
accordingly.  
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PHASE_VOLT Technical Background 
 



 
 



Van



Vbn



Vcn



s
qsV



s
dsV



120o



120o



0=ω



 
Figure 2: The abc-axis and stationary dq-axis components of the stator phase voltages 



 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e., volt_calc.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Inputs 
S1 MfuncV1 
S2 MfuncV2 
S3 MfuncV3 
Vdc DcBusVolt 



Outputs 
Van VphaseA 
Vbn VphaseB 
Vcn VphaseC 



s
dsV  Valpha 



s
qsV  Vbeta 



 
Table 1: Correspondence of notations 
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PI  PI Controller 
 
 
Description This module implements a simple 32-bit digital PI controller with anti-windup 



correction.  
 
 
       
                
 
          
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: pi.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PI  C Interface 
 
 
C Interface 
 
Object Definition  



 
The structure of PI object is defined by following structure definition 



 
typedef struct { 



Ref      // Input: reference set-point 
Fbk     // Input: feedback 
Out     // Output: controller output  
Kp  // Parameter: proportional loop gain 
Ki  // Parameter: integral gain 
Umax  // Parameter: upper saturation limit 
Umin  // Parameter: lower saturation limit 
up  // Data: proportional term 
ui  // Data: integral term 
v1  // Data: pre-saturated controller output 
i1  // Data: integrator storage: ui(k-1) 
w1  // Data: saturation record: [u (k-1) - v(k-1)]                



            } PI; 
 



Module Terminal Variables/Macros  



Item Name Description Format* Range(Hex) 
Input Ref Reference input GLOBAL_Q 80000000-7FFFFFFF 



Fbk Feedback input GLOBAL_Q 80000000-7FFFFFFF 
UMax Maximum PI32 module output GLOBAL_Q 80000000-7FFFFFFF 
UMin Minimum  PI32 module output GLOBAL_Q 80000000-7FFFFFFF 



Output Out PI Output (Saturated) GLOBAL_Q 80000000-7FFFFFFF 
PI 
parameter 



Kp Proportional gain GLOBAL_Q 80000000-7FFFFFFF 
Ki Integral gain GLOBAL_Q 80000000-7FFFFFFF 



Internal up Proportional term GLOBAL_Q 80000000-7FFFFFFF 
ui Integral term GLOBAL_Q 80000000-7FFFFFFF 
v1 Pre-saturated controller output  GLOBAL_Q 80000000-7FFFFFFF 
i1 Integrator storage GLOBAL_Q 80000000-7FFFFFFF 
w1 Saturation record GLOBAL_Q 80000000-7FFFFFFF 



*GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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PI  C Interface 
 
 
Special Constants and Data types 
  



PI 
The module definition is created as a data type. This makes it convenient to instance an interface 
to the PI module. To create multiple instances of the module simply declare variables of type PI. 



  
 
 PI_DEFAULTS 



Structure symbolic constant to initialize PI module. This provides the initial values to the terminal 
variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances two PI objects 
             PI  pi1, pi2; 
 
 Initialization 



To Instance pre-initialized objects 
PI pi1 = PI_DEFAULTS; 
PI pi2 = PI_DEFAULTS; 



 
Invoking the computation macro 
PI_MACRO(pi1); 
PI_MACRO(pi2); 
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PI  C Interface 
 
 
Example 



 
The following pseudo code provides the information about the module usage.  
 



              /* Instance the PI module */ 
             PI   pi1=PI_DEFAULTS; 



PI   pi2=PI_DEFAULTS; 
 
main() 
{ 



 
pi1.Kp = _IQ(0.5);   // Pass _iq parameters to pi1 
pi1.Ki  = _IQ(0.001);   // Pass _iq parameters to pi1 
pi1.Umax =_IQ(0.9);  // Pass _iq parameters to pi1 



  pi1.Umin  =_IQ(-0.9);  // Pass _iq parameters to pi1 
 
pi2.Kp = _IQ(0.8);   // Pass _iq parameters to pi2  
pi2.Ki  = _IQ(0.0001);   // Pass _iq parameters to pi2  
pi1.Umax =_IQ(0.9);  // Pass _iq parameters to pi2  
pi1.Umin  =_IQ(-0.9);  // Pass _iq parameters to pi2  



 
 
} 



 
void interrupt periodic_interrupt_isr() 
{  



pi1.Ref = input1_1;   // Pass _iq inputs to pi1 
pi1.Fdb = input1_2;   // Pass _iq inputs to pi1  
pi2.Ref = input2_1;   // Pass _iq inputs to pi2  
pi2.Fdb = input2_2;   // Pass _iq inputs to pi2  



  
PI_MACRO(pi1);  // Call compute macro for pi1    



 PI_MACRO(pi2);  // Call compute macro for pi2   
 
 output1 = pi1.Out;  // Access the output of pi1   
 output2 = pi2.Out;  // Access the output of pi2  
} 
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PI  Technical Background 
 
 
Technical Background 
 
The PI_cntl module implements a basic summing junction and P+I control law with the following features: 



• Programmable output saturation 
• Independent reference weighting on proportional path 
• Anti-windup integrator reset 
 



The PI controller is a sub-set of the PID controller.  All input, output and internal data is in I8Q24 fixed-
point format. A block diagram of the internal controller structure is shown below. 
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a) Proportional path 
 
The proportional path is a direct connection between the error term and a summing junction with the 
integral path. The error term is: 
 



)()()( kykrke −=  ...................................................................................... (1) 



 
 



Proportional gain is applied to the sum of proportional and integral paths, as described in section c).  
 
 



b) Integral path 
 
The integral path consists of a discrete integrator which is pre-multiplied by a term derived from the output 
module. The term w1 is either zero or one, and provides a means to disable the integrator path when 
output saturation occurs. This prevents the integral term from “winding up” and improves the response 
time on recovery from saturation. The integrator law used is based on a backwards approximation. 
 



[ ])()()1()( kykrKkuku iii −+−=  ................................................................ (2) 



 
 
 











 



C2000 Systems and Applications   77 
 



PI  Technical Background 
 
 



c) Output path 
 
The output path contains a multiplying term (Kp) which acts on the sum of the proportional and integral 
controller terms. The result is then saturated according to user programmable upper and lower limits to 
give the controller output.  
 
The pre-and post-saturated terms are compared to determine whether saturation has occurred, and if so, 
a zero or one result is produced which is used to disable the integral path (see above). The output path 
law is defined as follows. 
 



[ ])()()(1 kukuKkv ipp +=  ............................................................................ (3) 
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Tuning the P+I controller 
 
Default values for the controller coefficients are defined in the macro header file which apply unity gain 
through the proportional path, and disable both integral and derivative paths. A suggested general 
technique for tuning the controller is now described.  
 
Step 1. Ensure integral is set to zero and proportional gain set to one.  
 
Step 2.  Gradually adjust proportional gain variable (Kp) while observing the step response to achieve 
optimum rise time and overshoot compromise. 
 
Step 3. If necessary, gradually increase integral gain (Ki) to optimize the return of the steady state output 
to nominal. The controller will be very sensitive to this term and may become unstable so be sure to start 
with a very small number. Integral gain will result in an increase in overshoot and oscillation, so it may be 
necessary to slightly decrease the Kp term again to find the best balance. Note that if the integral gain is 
used then set to zero, a small residual term may persist in ui.  
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PID  PID Controller 
 
 
Description This module implements a 32-bit digital PID controller with anti-windup 



correction.  
 
 
       
                
 
          
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: pid_grando.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PID  C Interface 
 
 
C Interface 
 
Object Definition  



 
The structure of PI object is defined by following structure definitions 



 
typedef struct { 



_iq Ref     // Input: reference set-point 
_iq Fbk    // Input: feedback 
_iq Out    // Output: controller output  
_iq c1    // Internal: derivative filter coefficient 
_iq c2    // Internal: derivative filter coefficient 
_iq Iae // Output: performance index 
_iq Err // Internal: servo error 
                



            } PID_TERMINALS; 
 



typedef struct {   
  _iq  Kr; // Parameter: reference set-point weighting  



    _iq  Kp; // Parameter: proportional loop gain 
    _iq  Ki;             // Parameter: integral gain 
    _iq  Kd;  // Parameter: derivative gain 
    _iq  Km;  // Parameter: derivative weighting 
    _iq  Umax; // Parameter: upper saturation limit 
    _iq  Umin; // Parameter: lower saturation limit 
    _iq Kiae // Parameter: IAE scaling 
  } PID_PARAMETERS; 
 
typedef struct {    



  _iq  up; // Data: proportional term 
    _iq  ui;  // Data: integral term 
    _iq  ud; // Data: derivative term 
    _iq  v1; // Data: pre-saturated controller output 
    _iq  i1;  // Data: integrator storage: ui(k-1) 
    _iq  d1; // Data: differentiator storage: ud(k-1) 
    _iq  d2; // Data: differentiator storage: d2(k-1)  
    _iq  w1; // Data: saturation record: [u(k-1) - v(k-1)] 
  } PID_DATA; 
 
 
typedef struct {   



PID_TERMINALS term; 
  PID_PARAMETERS param; 
  PID_DATA  data; 
            } PID_CONTROLLER; 
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PID  C Interface 
 
 
Special Constants and Data types 
  



PID 
The module definition is created as a data type. This makes it convenient to instance an interface 
to the PID module. To create multiple instances of the module simply declare variables of type 
PID. 



  
 
 PID_DEFAULTS 



Structure symbolic constant to initialize PID module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances PID object 
             PID pid1; 
 
 Initialization 



To Instance pre-initialized objects 
PID pid1 = { PID_TERM_DEFAULTS, PID_PARAM_DEFAULTS, PID_DATA_DEFAULTS }; 
 
Invoking the computation macro 
PID_MACRO(pid1); 
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PID  C Interface 
 
 
Example 



 
The following pseudo code provides the information about the module usage.  
 



              /* Instance the PID module */ 
 
             PID   pid1={ PID_TERM_DEFAULTS, PID_PARAM_DEFAULTS, PID_DATA_DEFAULTS }; 
 



main() 
{ 



 
 pid1.param.Kp = _IQ(0.5); 
     pid1.param.Ki  = _IQ(0.005); 
     pid1.param.Kd = _IQ(0); 
     pid1.param.Kr  = _IQ(1.0); 
     pid1.param.Km =_IQ(1.0); 
     pid1.param.Umax= _IQ(1.0); 
     pid1.param.Umin= _IQ(-1.0); 
 
} 



 
void interrupt periodic_interrupt_isr() 
{  



pid1.Ref = input1_1;   // Pass _iq inputs to pid1 
pid1.Fbk = input1_2;   // Pass _iq inputs to pid1  



  
PID_MACRO(pid1);  // Call compute macro for pid1    



   
 output1 = pid1.Out;  // Access the output of pid1   
   
} 
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PID  Technical Background 
 
 
Technical Background  
 
The PID Grando module implements a basic summing junction and PID control law with the following 
features: 



• Programmable output saturation 
• Independent reference weighting on proportional path 
• Independent reference weighting on derivative path 
• Anti-windup integrator reset 
• Programmable derivative filter 
• Transient performance measurement 



 
PID Grando is an example of a PID structure often called "standard" form, in which proportional gain is 
applied after the three controller paths have been summed.  This contrasts with the "parallel" PID form, in 
which P, I, and D gains are applied in separate paths. All input, output and internal data is in I8Q24 fixed-
point format. A block diagram of the internal controller structure is shown below. 
 



 
Kr



z-1



Ki Kp



++



+



+



+



=?



-



-



+r(k)



z-1



Kd



+



-+



-



Km



z-1



+



Feedback 
(Fbk)



c2



+



d1



w1



ud



ui



up



v1i1



d2



Umax



Umin



c1



y(k)



Reference 
(Ref)



Output 
(Out)



u(k)
+



z-1



Kiae



+



+
|x| IAE(k)Err



  
Block diagram of the internal controller structure 
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PID  Technical Background 
 
 
a) Proportional path 
 
The servo error is the difference between the reference input and the feedback input. Proportional gain is 
usually applied directly to servo error, however a feature of the Grando controller is that sensitivity of the 
proportional path to the reference input can be weighted differently to that of the feedback input. This 
provides an additional degree of freedom when tuning the controller.  The proportional control law is: 
 



)()()( kykrKku rp −=  ................................................................................ (2) 



Note that “proportional” gain is applied to the sum of all three terms and will be described in section d).  
 
 



b) Integral path 
 
The integral path consists of a discrete integrator which is pre-multiplied by a scalar gain (Ki) and a term 
derived from the output saturation module. The term w1 is either zero or one, and provides a means to 
disable the integrator path when output saturation occurs. This prevents the integrator from “winding up” 
and improves the recovery time following saturation in the control loop. The integrator law used in Grando 
is based on a backwards approximation. 
 



[ ])()()()1()( 1 kykrKkwkuku iii −+−=  ......................................................... (2) 



c) Derivative path 
 
The derivative term is a backwards approximation of the difference between the current and previous 
servo error. The input is the difference between the reference and feedback terms, and like the 
proportional term, the reference path can be weighted independently to provide an additional variable for 
tuning.  



 
A first order digital filter is applied to the derivative term to reduce nose amplification at high frequencies. 
Filter cutoff  frequency is determined by two coefficients (c1 & c2). The derivative law is shown below. 



 



)()()( kykrKke m −=  .................................................................................. (3) 



[ ])1()()1()( 112 −−+−= keckeckucKku idd .................................................... (4) 



Filter coefficients are based on the cut-off frequency (a) in Hz and sample period (T) in seconds as 
follows: 



 



ac =1  ....................................................................................................... (5) 



Tcc 12 1−=  ................................................................................................ (6) 
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PID  Technical Background 
 
 
d) Output path 
 
The output path contains a multiplying term (Kp) which acts on the sum of the three controller parts. The 
result is then saturated according to user programmable upper and lower limits to give the output term.  
 
The pre-and post-saturated terms are compared to determine whether saturation has occurred, and if so, 
a zero value is assigned to the variable w1(k) which is used to disable the integral path (see above). The 
output path law is defined as follows. 
 



[ ])()()()(1 kukukuKkv dipp ++=  ................................................................. (7) 
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e) Performance measurement 
 
The Grando controller contains a single line of code which implements an IAE algorithm (Integral of 
Absolute Error). This integrates the absolute difference between the input reference and feedback (i.e. 
servo error), and can be used to tune transient performance by subjecting the loop to a step change of 
input reference and allowing the IAE term to integrate over a fixed time.  
 
 



t



 
 
A small value of IAE indicates small absolute difference between the input reference and the measured 
output. Controller parameters may be adjusted iteratively to minimise measured IAE.  
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PID  Technical Background 
 
 
The IAE measurement is implemented as follows. 
 



)()()1()( kykrKkIAEkIAE iae −+−=  ..................................................... (10) 



It is the task of the user code to reset and enable the IAE measurement (see below).  The feature may be 
enabled and disabled by setting the Kiae term to one or zero respectively. The IAE output may be reset by 
setting the Iae term to zero. The Kiae term may be set to a value smaller than one if integrator overflow is 
an issue.  The user may comment out the last line of the PID Grando macro to reduce cycle count if IAE 
is not required. 
 
 
Tuning the controller 
 
Default values for the controller coefficients are defined in the macro header file which apply unity gain 
through the proportional path, and disable IAE, integral and derivative paths. A suggested general 
technique for tuning the controller is now described.  
 
Steps 1-4 are based on tuning a transient produced either by a step change in either load or reference 
set-point. 
 
Step 1. Ensure integral and derivative gains are set to zero. Ensure also the reference weighting 
coefficients (Kr & Km) are set to one.  
 
Step 2.  Gradually adjust proportional gain variable (Kp) while observing the step response to achieve 
optimum rise time and overshoot compromise. 
 
Step 3. If necessary, gradually increase integral gain (Ki) to optimize the return of the steady state output 
to nominal. The controller will be very sensitive to this term and may become unstable so be sure to start 
with a very small number. Integral gain will result in an increase in overshoot and oscillation, so it may be 
necessary to slightly decrease the Kp term again to find the best balance. Note that if the integral gain is 
used then set to zero, a small residual term may persist in ui.  
 
Step 4. If the transient response exhibits excessive oscillation, this can sometimes be reduced by 
applying a small amount of derivative gain. To do this, first ensure the coefficients c1 & c2 are set to one 
and zero respectively. Next, slowly add a small amount of derivative gain (Kd).   
 
Steps 5 & 6 only apply in the case of tuning a transient set-point. In the regulator case, or where the set-
point is fixed and tuning is conducted against changing load conditions, they are not useful. 



Step 5. Overshoot and oscillation following a set-point transient can sometimes be improved by lowering 
the reference weighting in the proportional path. To do this, gradually reduce the Kr term from its nominal 
unity value to optimize the transient. Note that this will change the loop sensitivity to the input reference, 
so the steady state condition will change unless integral gain is used. 



Step 6. If derivative gain has been applied, transient response can often be improved by changing the 
reference weighting, in the same way as step 6 except that in the derivative case steady state should not 
be affected. Slowly reduce the Km variable from it’s nominal unity value to optimize overshoot and 
oscillation. Note that in many cases optimal performance is achieved with a reference weight of zero in 
the derivative path, meaning that the differential term acts on purely the feedback, with no contribution 
from the input reference. This can help to avoid derivative "kick" which occurs following a sudden change 
in input reference. 
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PID  Technical Background 
 
 
The derivative path introduces a term which has a frequency dependent gain. At higher frequencies, this 
can cause noise amplification in the loop which may degrade servo performance. If this is the case, it is 
possible to filter the derivative term using a first order digital filter in the derivative path. Steps 7 & 8 
describe the derivative filter. 



Step 7. Select a filter roll-off frequency in radians/second. Use this in conjunction with the system sample 
period (T) to calculate the filter coefficients c1 & c2 (see equations 5 & 6). 



Step 8. Note that the c1 coefficient will change the derivative path gain, so adjust the value of Kd to 
compensate for the filter gain. Repeat steps 5 & 6 to optimize derivative path gain. 



 



Tuning with IAE 



The IAE measurement feature may be useful in determining optimal controller settings based on transient 
response. The user code should reset and enable IAE just before applying a transient change as follows: 



 
 // reset and enable IAE 
 pid1.term.Iae = _IQ(0.0); 
 pid1.Param.Kiae = _IQ(1.0); 



After a fixed time, the IAE integrator should be disabled and the measurement read as follows: 



 
// disable IAE integrator 



 pid1.param.Kiae = _IQ(0.0); 
 IAE = pid1.term.Iae; 



The user should ensure that the integration period is sufficiently long to allow transient effects to dissipate 
and should remain fixed between iterative tests for comparisons to be valid.  Controller settings may be 
adjusted using steps 1 to 8 above to minimise measured IAE.  



 



Saturation & Integrator Wind-up 



The Grando controller includes a saturation block to limit the range of the control effort, u(k). If the output 
saturates, the integrator is disabled to prevent a phenomenon known as "wind-up". In cases where 
saturation may occur in other parts of the control loop, user code should disable integral action by 
temporarily setting the integrator gain (Ki) to zero when saturation occurs, and restoring it once saturation 
has been cleared.  
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RAMP_GEN Ramp Generator 
 



 
 
Description This module generates ramp output of adjustable gain, frequency and dc offset. 
 
 
 
 
 
                            



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rampgen.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RG 
MACRO 



 



Gain 



Freq 



Out Offset 











 



C2000 Systems and Applications   88 
 



RAMP_GEN C Interface 
 
 
C Interface 
 
Object Definition  



The structure of RAMPGEN object is defined by following structure definition 
 



typedef struct { _iq  Freq;    // Input: Ramp frequency                      
                        _iq  StepAngleMax; // Parameter: Maximum step angle    



_iq  Angle;  // Variable: Step angle   
_iq  Gain;  // Input: Ramp gain   



            _iq  Out;     // Output: Ramp signal    
            _iq  Offset;  // Input: Ramp offset  
            } RAMPGEN;              
 



 
    



Item Name Description Format* Range(Hex) 



Inputs 
Freq Ramp frequency GLOBAL_Q 80000000-7FFFFFFF 
Gain Ramp gain GLOBAL_Q 80000000-7FFFFFFF 
Offset Ramp offset GLOBAL_Q 80000000-7FFFFFFF 



Outputs Out Ramp signal GLOBAL_Q 80000000-7FFFFFFF 
RAMPGEN 
parameter StepAngleMax sv_freq_max = fb*T GLOBAL_Q 80000000-7FFFFFFF 



Internal Angle Step angle GLOBAL_Q 80000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 RAMPGEN 



The module definition is created as a data type. This makes it convenient to instance an interface 
to ramp generator. To create multiple instances of the module simply declare variables of type 
RAMPGEN. 



  
 
 RAMPGEN_DEFAULTS 



Structure symbolic constant to initialize RAMPGEN module. This provides the initial values to the 
terminal variables as well as method pointers.  
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RAMP_GEN C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two RAMPGEN objects 
             RAMPGEN rg1, rg2; 
 



Initialization 
To Instance pre-initialized objects 
RAMPGEN rg1 = RAMPGEN_DEFAULTS; 
RAMPGEN rg2 = RAMPGEN_DEFAULTS; 



 
Invoking the computation macro 
RG_MACRO(rg1); 
RG_MACRO(rg2); 
 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rg1.Freq = freq1;              // Pass inputs to rg1  
rg1.Gain = gain1;              // Pass inputs to rg1  
rg1.Offset = offset1;              // Pass inputs to rg1  
 
rg2.Freq = freq2  // Pass inputs to rg2  
rg2.Gain = gain2;              // Pass inputs to rg2  
rg2.Offset = offset2;              // Pass inputs to rg2  
 
RC_MACRO(rg1);  // Call compute macro for rg1  
RC_MACRO(rg2);  // Call compute macro for rg1  
 



             out1 = rg1.Out;   // Access the outputs of rg1   
             out2 = rg2.Out;   // Access the outputs of rg1    
} 
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RAMP_GEN Technical Background 
 
 
Technical Background 
 



In this implementation the frequency of the ramp output is controlled by a precision frequency 
generation algorithm which relies on the modulo nature (i.e. wrap-around) of finite length 
variables in 28xx. One such variable, called StepAngleMax (a data memory location in 28xx) in 
this implementation, is used as a variable to determine the minimum period (1/frequency) of the 
ramp signal. Adding a fixed step value to the Angle variable causes the value in Angle to cycle at 
a constant rate.  



                                                      Angle  = Angle + StepAngleMax × Freq        
 



At the end limit the value in Angle simply wraps around and continues at the next modulo value 
given by the step size.  



For a given step size, the frequency of the ramp output (in Hz) is given by: 



 
m2



fsStepAnglef ×
=   



where fs = sampling loop frequency in Hz and m = # bits in the auto wrapper variable Angle. 



From the above equation it is clear that a StepAngle value of 1 gives a frequency of 0.3052Hz 
when m=16 and fS=20kHz. This defines the frequency setting resolution of the 



 
For IQmath implementation, the maximum step size in per-unit, StepAngleMax, for a given base 
frequency, fb and a defined GLOBAL_Q number is therefore computed as follows: 



                                       
 



QGLOBAL _
sb 2T faxStepAngleM ××=  



Equivalently, by using _IQ() function for converting from a floating-point number to a _iq number, 
the StepAngleMax can also be computed as 



      
)T f(_axStepAngleM sb ×= IQ  



  
            where Ts is the sampling period (sec). 
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RMP_CNTL Ramp Control 
 
 
Description This module implements a ramp up and ramp down macro. The output flag 



variable EqualFlag is set to 7FFFFFFFh when the output variable SetpointValue 
equals the input variable TargetValue. 



 
 
 
 
 
                            



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rmp_cntl.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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RMP_CNTL C Interface 
 
 
C Interface 
 
Object Definition  



The structure of RMPCNTL object is defined by following structure definition 
 



typedef struct { _iq  TargetValue;   // Input: Target input  
            Uint32  RampDelayMax;  // Parameter: Maximum delay rate (Q0)   



_iq  RampLowLimit;  // Parameter: Minimum limit      
_iq  RampHighLimit;  // Parameter: Maximum limit  



            Uint32 RampDelayCount;   // Variable: Incremental delay (Q0)   
             _iq  SetpointValue;  // Output: Target output      
            Uint32  EqualFlag;  // Output: Flag output (Q0)  
           } RMPCNTL;              
 
    



Item Name Description Format* Range(Hex) 
Inputs TargetValue Target input   GLOBAL_Q 80000000-7FFFFFFF 
Outputs SetpointValue Target output GLOBAL_Q 80000000-7FFFFFFF 



EqualFlag Flag output Q0 80000000-7FFFFFFF 
RMP_CNTL 
parameter 



RampDelayMax Maximum delay rate Q0 80000000-7FFFFFFF 
RampLowLimit Minimum limit GLOBAL_Q 80000000-7FFFFFFF 
RampHighLimit Maximum limit GLOBAL_Q 80000000-7FFFFFFF 



Internal RampDelayCount Incremental delay Q0 80000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 RMPCNTL 



The module definition is created as a data type. This makes it convenient to instance an interface 
to ramp control. To create multiple instances of the module simply declare variables of type 
RAMPGEN. 



  
 
 RMPCNTL_DEFAULTS 



Structure symbolic constant to initialize RMPCNTL module. This provides the initial values to the 
terminal variables as well as method pointers.  
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RMP_CNTL C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two RMPCNTL objects 
             RMPCNTL rc1, rc2; 
 



Initialization 
To Instance pre-initialized objects 
RMPCNTL rc1 = RMPCNTL_DEFAULTS; 
RMPCNTL rc2 = RMPCNTL_DEFAULTS; 



 
Invoking the computation macro 
RC_MACRO(rc1); 
RC_MACRO(rc2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rc1.TargetValue = target1;              // Pass inputs to rc1  
rc2.TargetValue = target2;              // Pass inputs to rc2  
 
RC_MACRO(rc1);   // Call compute macro for rc1  
RC_MACRO(rc2);   // Call compute macro for rc2  
 



             out1 = rc1.SetpointValue;  // Access the outputs of rc1  
             out2 = rc2.SetpointValue;  // Access the outputs of rc2    
} 
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RMP_CNTL Technical Background 
 
 
Technical Background 
 



This software module implements the following equations: 
 
Case 1:  When TargetValue > SetpointValue 
 
SetpointValue = SetpointValue+ _IQ(0.0000305), for t = n . Td, n = 1, 2, 3… 
  and (SetpointValue + _IQ(0.0000305))< RampHighLimit 
                   = RampHighLimit , for (SetpointValue + _IQ(0.0000305))> RampHighLimit 
 
where,  Td = RampDelayMax . Ts 
              Ts = Sampling time period 
 
Case 2:  When TargetValue < SetpointValue 
 
SetpointValue = SetpointValue - _IQ(0.0000305), for t = n . Td, n = 1, 2, 3…..  
    and (SetpointValue - _IQ(0.0000305))> RampLowLimit 
                 = RampLowLimit ,  for (SetpointValue - _IQ(0.0000305))<RampLowLimit 
 
where,  Td = RampDelayMax . Ts 
              Ts = Sampling time period 
 
Note that TargetValue and SetpointValue variables are in _iq format. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example:  
SetpointValue=0(initial value), TargetValue=1000(user specified),  
RampDelayMax=500(user specified), sampling loop time period Ts=0.000025 Sec. 
This means that the time delay for each ramp step is Td=500x0.000025=0.0125 Sec. Therefore, 
the total ramp time will be Tramp=1000x0.0125 Sec=12.5 Sec 
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RMP2CNTL Ramp 2 Control Module 
 
 
 
Description This module implements a ramp up and ramp down macro. The output variable 



Out follows the desired ramp value DesiredInput. 
. 



 



RC2_MACRO
DesiredInput Out



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rmp2cntl.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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RMP2CNTL C Interface 
 



 
C Interface 
 
Object Definition  



The structure of RMP2 object is defined by following structure definition 
 



typedef struct { _iq15 DesiredInput;         // Input: Desired ramp input (Q15)   
                         _iq15 Ramp2Max;         // Parameter: Maximum limit (Q15)  
             _iq15 Ramp2Min;        // Parameter: Minimum limit (Q15)     
             Uint32  Ramp2DelayCount;    // Variable: Incremental delay (Q0)    
                         Uint32 Ramp2Delay;              // Parameter: Delay in # of sampling period (Q0)      
                         _iq15 Out;                     // Output: Ramp2 output (Q15)  
                       } RMP2; 
 
    



Item Name Description Format* Range(Hex) 
Input DesiredInput Desired ramp input Q15 80000000-7FFFFFFF 
Output Out Ramp 2 output Q15 80000000-7FFFFFFF 



RMP2 
parameter 



Ramp2Max Maximum limit Q15 80000000-7FFFFFFF 
Ramp2Min Minimum limit Q15 80000000-7FFFFFFF 
Ramp2Delay Delay in no. of sampling period  Q0 00000000-7FFFFFFF 



Internal Ramp2DelayCo
unt Incremental delay Q0 00000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 RMP2 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the ramp2 control. To create multiple instances of the module simply declare variables of type 
RMP2. 



  
 
 RMP2_DEFAULTS 



Structure symbolic constant to initialize RMP2 module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two RMP2 objects 
             RMP2  rmp1, rmp2; 
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RMP2CNTL C Interface 
 
 



Initialization 
To Instance pre-initialized objects 
RMP2 rmp1 = RMP2_DEFAULTS; 
RMP2 rmp2 = RMP2_DEFAULTS; 



 
Invoking the computation macro 
RC2_MACRO(rmp1); 
RC2_MACRO(rmp2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rmp1.DesiredInput = input1;     // Pass inputs to rmp1  
rmp2.DesiredInput = input2;     // Pass inputs to rmp2  
 
RC2_MACRO (rmp1);   // Call compute macro for rmp1    
RC2_MACRO (rmp2);   // Call compute macro for rmp2    
 



             out1 = rmp1.Out;   // Access the outputs of rmp1  
             out2 = rmp2.Out;   // Access the outputs of rmp2    
 
} 
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RMP2CNTL Technical Background 
 
 
Technical Background 
 



 
Implements the following equations: 
 
Case 1:  When DesiredInput > Out. 
 
Out= Out+ 1, for t = n . Td, n = 1, 2, 3, ….. and (Out+ 1) < Ramp2Max 
                 = Ramp2Max,  for (Out+ 1) > Ramp2Max 
 
where,  Td = Ramp2Delay . Ts 
             Ts = Sampling time period 
 
Case 2:  When DesiredInput < Out. 
 
Out= Out- 1, for t = n . Td, n = 1, 2, 3, ….. and (Out- 1) > Ramp2Min 
                 = Ramp2Min,  for (Out- 1) < Ramp2Min 
 
where,  Td = Ramp2Delay . Ts 
             Ts = Sampling time period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example:  
Out=0(initial value), DesiredInput=1000(user specified),  
Ramp2Delay=500(user specified), sampling loop time period Ts=0.000025 Sec. 
This means that the time delay for each ramp step is Td=500x0.000025=0.0125 Sec. Therefore, 
the total ramp time will be Tramp=1000x0.0125 Sec=12.5 Sec 
    



 
 
 
 
 
 
 
 
 
 



T
 1 



rmp2_desired > rmp2_out 
rmp2 desired < rmp2 out 



rmp2_desired > rmp2_out 
rmp2 min  



rmp2 max  



t 



rmp2_out 
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RMP3CNTL Ramp 3 Control Module 
 
 
Description This module implements a ramp down macro. The output flag variable 



Ramp3DoneFlag is set to 0x7FFFFFFF when the output variable Out equals the 
input variable DesiredInput. 



. 
 



RC3_MACRO
utDesiredInp



Out



lagRamp3DoneF



 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rmp3cntl.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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RMP3CNTL C Interface 
 
 
C Interface 
 
Object Definition  



The structure of RMP3 object is defined by following structure definition 
 



typedef struct { Uint32 DesiredInput;        // Input: Desired ramp input (Q0)  
             Uint32 Ramp3Delay;       // Parameter: Delay in # of sampling period (Q0)  
             Uint32 Ramp3DelayCount;   // Variable: Counter for rmp3 delay (Q0)  
             int32 Out;        // Output: Ramp3 output (Q0)  
             int32 Ramp3Min;                  // Parameter: Minimum ramp output (Q0)  
                         Uint32 Ramp3DoneFlag;      // Output: Flag output (Q0) ction  
            } RMP3; 
              
    



Item Name Description Format* Range(Hex) 
Input DesiredInput Desired ramp input Q0 80000000-7FFFFFFF 



Outputs Out Ramp 3 output Q0 80000000-7FFFFFFF 
Ramp3DoneFlag Flag output Q0 0 or 7FFFFFFF 



RMP3 
parameter 



Ramp3Min Minimum limit Q0 80000000-7FFFFFFF 
Ramp3Delay Delay in no. of sampling period  Q0 00000000-7FFFFFFF 



Internal Ramp3DelayCount Counter for rmp3 delay Q0 00000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
Special Constants and Data types 
   
 RMP3 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the ramp3 control. To create multiple instances of the module simply declare variables of type 
RMP3. 



  
 
 RMP3_DEFAULTS 



Structure symbolic constant to initialize RMP3 module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two RMP3 objects 
             RMP3  rmp1, rmp2; 
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RMP3CNTL C Interface 
 
 



Initialization 
To Instance pre-initialized objects 
RMP3 rmp1 = RMP3_DEFAULTS; 
RMP3 rmp2 = RMP3_DEFAULTS; 



 
Invoking the computation macro 
RC3_MACRO(rmp1); 
RC3_MACRO(rmp2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rmp1.DesiredInput = input1;     // Pass inputs to rmp1  
rmp2.DesiredInput = input2;     // Pass inputs to rmp2  
 
RC3_MACRO (rmp1);   // Call compute macro for rmp1  
RC3_MACRO (rmp2);   // Call compute macro for rmp2   
 



             out1 = rmp1.Out;   // Access the outputs of rmp1   
             out2 = rmp2.Out;   // Access the outputs of rmp2    
 
} 
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RMP3CNTL Technical Background 
 
 
Technical Background 
 



 
Implements the following equations: 
 
Out = Out - 1, for t = n . Td, n = 1, 2, 3, ….. and (Out - 1) > Ramp3Min 
                 = Ramp3Min,  for (Out - 1) < Ramp3Min 
 
Ramp3DoneFlag = 7FFFh, when Out = DesiredInput or Ramp3Min 
 
where,  Td = Ramp3Delay . Ts 
             Ts = Sampling time period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example:  
Out=500(initial value), DesiredInput=20(user specified),  
Ramp3Delay=100(user specified), sampling loop time period Ts=0.000025 Sec. 
This means that the time delay for each ramp step is Td=100x0.000025=0.0025 Sec. Therefore, 
the total ramp down time will be Tramp=(500-20)x0.0025 Sec=1.2 Sec 
 
    



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Td 



1 



rmp3_min  
t 



rmp3_out 



rmp3_desired 
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SMO Sliding Mode Observer 
 
 
 
Description This software module implements a rotor position estimation algorithm for 



Permanent-Magnet Synchronous Motor (PMSM) based on Sliding-Mode 
Observer (SMO). 



. 
 



    



SMO
MACRO



Valpha



Vbeta



Ialpha



Ibeta



Theta



Zalpha



Zbeta



 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: smopos.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SMO C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SMOPOS object is defined by following structure definition 
 



typedef struct {  _iq  Valpha;    // Input: Stationary alpha-axis stator voltage  
                          _iq  Ealpha;    // Variable: Stationary alpha-axis back EMF  
                   _iq  Zalpha;       // Output: Stationary alpha-axis sliding control  
                    _iq  Gsmopos;   // Parameter: Motor dependent control gain  
                   _iq  EstIalpha;    // Variable: Estimated stationary alpha-axis stator current  
                   _iq  Fsmopos;    // Parameter: Motor dependent plant matrix  
                   _iq  Vbeta;    // Input: Stationary beta-axis stator voltage  
                   _iq  Ebeta;   // Variable: Stationary beta-axis back EMF  
                   _iq  Zbeta;       // Output: Stationary beta-axis sliding control  
                   _iq  EstIbeta;     // Variable: Estimated stationary beta-axis stator current  
                   _iq  Ialpha;   // Input: Stationary alpha-axis stator current  
                   _iq  lalphaError;  // Variable: Stationary alpha-axis current error                  
                   _iq  Kslide;      // Parameter: Sliding control gain  
                   _iq  Ibeta;   // Input: Stationary beta-axis stator current  
                   _iq  IbetaError;   // Variable: Stationary beta-axis current error                  
                   _iq  Kslf;        // Parameter: Sliding control filter gain  
                   _iq  Theta;      // Output: Compensated rotor angle  
          } SMOPOS;              



 
 



Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs Valpha stationary d-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 



Vbeta stationary q-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 
Ialpha stationary d-axis stator current GLOBAL_Q 80000000-7FFFFFFF 
Ibeta stationary q-axis stator current GLOBAL_Q 80000000-7FFFFFFF 



Outputs Theta rotor position angle GLOBAL_Q 00000000-7FFFFFFF  
(0 – 360 degree) 



Zalfa stationary d-axis sliding control GLOBAL_Q 80000000-7FFFFFFF 
Zbeta stationary q-axis sliding control GLOBAL_Q 80000000-7FFFFFFF 



SMOPOS 
parameter 



Fsmopos Fsmopos = exp(-Rs*T/Ls) GLOBAL_Q 80000000-7FFFFFFF 
Gsmopos Gsmopos =  



(Vb/Ib)*(1- exp(-Rs*T/Ls))/Rs 
GLOBAL_Q 80000000-7FFFFFFF 



Kslide sliding mode control gain GLOBAL_Q 80000000-7FFFFFFF 
Kslf sliding control filter gain GLOBAL_Q 80000000-7FFFFFFF 



Internal Ealpha stationary d-axis back EMF GLOBAL_Q 80000000-7FFFFFFF 
Ebeta stationary q-axis back EMF GLOBAL_Q 80000000-7FFFFFFF 



EstIalpha stationary d-axis estimated current GLOBAL_Q 80000000-7FFFFFFF 
EstIbeta stationary q-axis estimated current GLOBAL_Q 80000000-7FFFFFFF 



IalphaError stationary d-axis current error GLOBAL_Q 80000000-7FFFFFFF 
IbetaError stationary q-axis current error GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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SMO C Interface 
 
 
Special Constants and Data types 
   
 SMOPOS 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the sliding-mode rotor position observer of Permanent-Magnet Synchronous Motor module. To 
create multiple instances of the module simply declare variables of type SMOPOS. 



  
 
 SMOPOS_DEFAULTS 



Structure symbolic constant to initialize SMOPOS module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances two SMOPOS objects 
             SMOPOS  smo1, smo2; 
 
 Initialization 



To Instance pre-initialized objects 
SMOPOS fe1 = SMOPOS_DEFAULTS; 
SMOPOS fe2 = SMOPOS_DEFAULTS; 



 
Invoking the computation macro 
SMO_MACRO (smo1); 
SMO_MACRO (smo2); 



 
Example 



The following pseudo code provides the information about the module usage.  
 



main() 
{ 



smo1.Fsmopos = parem1_1;   // Pass parameters to smo1  
smo1.Gsmopos = parem1_2;   // Pass parameters to smo1  
smo1.Kslide = parem1_3;   // Pass parameters to smo1  
smo1.Kslf = parem1_4;    // Pass parameters to smo1  
smo2.Fsmopos = parem2_1;   // Pass parameters to smo2  
smo2.Gsmopos = parem2_2;   // Pass parameters to smo2  
smo2.Kslide = parem2_3;   // Pass parameters to smo2  
smo2.Kslf = parem2_4;    // Pass parameters to smo2  



 
}  
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SMO C Interface 
 



 
void interrupt periodic_interrupt_isr() 
{  



smo1.Valpha = voltage_dq1.d;  // Pass inputs to smo1  
         smo1.Vbeta = voltage_dq1.q;      // Pass inputs to smo1  
         smo1.Ialpha =current_dq1.d;  // Pass inputs to smo1  
         smo1.Ibeta =current_dq1.q;  // Pass inputs to smo1  



 
smo2.Valpha = voltage_dq2.d;  // Pass inputs to smo2  



         smo2.Vbeta = voltage_dq2.q;      // Pass inputs to smo2  
         smo2.Ialpha =current_dq2.d;  // Pass inputs to smo2  
         smo2.Ibeta =current_dq2.q;  // Pass inputs to smo2  
 



SMO_MACRO(smopos1)   // Call compute macro for smopos1   
 SMO_MACRO(smopos2);  // Call compute macro for smopos2   
  
             angle1 = smopos1.Theta;  // Access the outputs of smopos1  
 angle2 = smopos2.Theta;  // Access the outputs of smopos2  
 
} 
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SMO_CONST C Interface 
 
 
Constant Computation Macro 



 
Since the sliding-mode rotor position observer of Permanent-Magnet Synchronous Motor module 
requires two constants (Fsmopos and Gsmopos) to be input basing on the machine parameters, 
base quantities, mechanical parameters, and sampling period. These two constants can be 
internally computed by the macro (smopos_const.h). The followings show how to use the C 
constant computation macro. 



 
 
Object Definition  



The structure of SMOPOS_CONST object is defined by following structure definition 
 



typedef struct  { float32  Rs;   // Input: Stator resistance (ohm)  
                float32  Ls;  // Input: Stator inductance (H)          
     float32  Ib;   // Input: Base phase current (amp)  
    float32  Vb;  // Input: Base phase voltage (volt)  
    float32  Ts;  // Input: Sampling period in sec    
                float32  Fsmopos; // Output: constant using in observed current cal.   
                float32  Gsmopos; // Output: constant using in observed current cal.   
  } SMOPOS_CONST; 
 



 
Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rs Stator resistance (ohm) Floating N/A 



Ls Stator inductance (H) Floating N/A 
Ib Base phase current (amp) Floating N/A 
Vb Base phase voltage (volt) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs Fsmopos constant using in observed current calculation   Floating N/A 
Gsmopos constant using in observed current calculation   Floating N/A 



 
 
Special Constants and Data types 
   
 SMOPOS_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the sliding-mode rotor position observer of Permanent-Magnet Synchronous Motor constant 
computation module. To create multiple instances of the module simply declare variables of type 
SMOPOS_CONST. 
 



 
 SMOPOS_CONST_DEFAULTS 



Structure symbolic constant to initialize SMOPOS_CONST module. This provides the initial 
values to the terminal variables as well as method pointers.  
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SMO_CONST C Interface 
 
 



 
Module Usage   



 
Instantiation 



             The following example instances two SMOPOS_CONST objects 
             SMOPOS_CONST  smopos1_const, smopos2_const; 
 
 Initialization 



To Instance pre-initialized objects 
SMOPOS_CONST smopos1_const = SMOPOS_CONST_DEFAULTS; 
SMOPOS_CONST smopos2_const = SMOPOS_CONST_DEFAULTS; 



 
Invoking the computation macro 
SMO_CONST_MACRO (smopos1_const); 
SMO_CONST_MACRO (smopos2_const); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 



smopos1_const.Rs = Rs1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Ls = Ls1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Ib = Ib1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Vb = Vb1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Ts = Ts1; // Pass floating-point inputs to smopos1_const  



 
smopos2_const.Rs = Rs2; // Pass floating-point inputs to smopos2_const  
smopos2_const.Ls = Ls2; // Pass floating-point inputs to smopos2_const 
smopos2_const.Ib = Ib2; // Pass floating-point inputs to smopos2_const  
smopos2_const.Vb = Vb2; // Pass floating-point inputs to smopos2_const  
smopos2_const.Ts = Ts2; // Pass floating-point inputs to smopos2_const  
 
SMO_CONST_MACRO (smopos1_const); // Call compute macro for smopos1_const  
SMO_CONST_MACRO (smopos2_const); // Call compute macro for smopos2_const  



 
// Access the outputs of smopos1_const  
smopos1.Fsmopos = _IQ(smopos1_const.Fsmopos);   
smopos1.Gsmopos = _IQ(smopos1_const.Gsmopos);   
// Access the outputs of smopos2_const  
smopos2.Fsmopos = _IQ(smopos2_const.Fsmopos);   
smopos2.Gsmopos = _IQ(smopos2_const.Gsmopos);   



}  
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SMO Technical Background 
 
 
Technical Background 
 
 



Figure 1 is an illustration of a permanent-magnet synchronous motor control system based on 
field orientation principle. The basic concept of field orientation is based on knowing the position 
of rotor flux and positioning the stator current vector at orthogonal angle to the rotor flux for 
optimal torque output. The implementation shown in Figure 1 derives the position of rotor flux 
from encoder feedback. However, the encoder increases system cost and complexity. 
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Figure 1 Field Oriented Control of PMSM 
 
 
Therefore for cost sensitive applications, it is ideal if the rotor flux position information can be 
derived from measurement of voltages and currents. Figure 2 shows the block diagram of a 
sensorless PMSM control system where rotor flux position is derived from measurement of motor 
currents and knowledge of motor voltage commands. 
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Figure 2 Sensorless Field Oriented Control of PMSM 
 
 



This software module implements a rotor flux position estimator based on a sliding mode current 
observer. As shown in Figure 3, the inputs to the estimator are motor phase currents and 
voltages expressed in α-β coordinate frame. 
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Figure 3 Sliding Mode Observer Based Rotor Flux Position Estimator 
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SMO Technical Background 
 
Figure 4 is an illustration of the coordinate frames and voltage and current vectors of PMSM, with 
a, b and c being the phase axes, α and β being a fixed Cartesian coordinate frame aligned with 
phase a, and d and q being a rotating Cartesian coordinate frame aligned with rotor flux. vs, is and 
es are the motor phase voltage, current and back emf vectors (each with two coordinate entries). 
All vectors are expressed in α-β coordinate frame for the purpose of this discussion. The α-β 
frame expressions are obtained by applying Clarke transformation to their corresponding three 
phase representations. 
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Figure 4 PMSM Coordinate Frames and Vectors 



 
 
 
Equation 1 is the mathematical model of PMSM in α-β coordinate frame. 
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The matrices A and B are defined as 2I
L
RA −=  and 2



1 I
L



B =  with mLL
2
3



= , where Lm and R 



are the magnetizing inductance and resistance of stator phase winding and I2 is a 2 by 2 identity 
matrix. Next the mathematical equations for the blocks in Figure 3 are discussed. 
 
 
1. Sliding Mode Current Observer 
 
The sliding mode current observer consists of a model based current observer and a bang-bang 
control generator driven by error between estimated motor currents and actual motor currents. 
The mathematical equations for the observer and control generator are given by Equations 2 and 
3. 
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SMO Technical Background 
 
 
The goal of the bang-bang control z is to drive current estimation error to zero. It is achieved by 
proper selection of k and correct formation of estimated back emf, es. Note that the symbol ~ 
indicates that a variable is estimated. The symbol * indicates that a variable is a command. 



 
 



The discrete form of Equations 2 and 3 are given by Equations 4 and 5. 
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The matrices F and G are given by 2IeF
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−
−=  where Ts is the 



sampling period. 
 
 
2. Estimated Back EMF 
 
Estimated back emf is obtained by filtering the bang-bang control, z, with a first order low-pass 
filter described by Equation 6. 
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The parameter ω0 is defined as ω0=2πf0, where f0 represents the cutoff frequency of the filter. The 
discrete form of Equation 6 is given by Equation 7. 
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3. Rotor Flux Position Calculation 
 
Estimated rotor flux angle is obtained based on Equation 8 for back emf. 
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Therefore given the estimated back emf, estimated rotor position can be calculated based on 
Equation 9. 
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SMO Technical Background 
 
 
 



Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. smopos.h). The software module requires that both input and output 
variables are in per unit values. 



 
 



 Equation Variables Program Variables 
 



 



Inputs 



vsα* Valpha 
vsβ* Vbeta 



αsi  Ialpha 
βsi  Ibeta 



 



Outputs 



eθ~  Theta 
zα Zalpha 
zβ Zbeta 



 



 



 



 



Others 



 



αsi
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βsi
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 EstIbeta 
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βse~  Ebeta 
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k Kslide 
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Table 1: Correspondence of notations 
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SPEED_EST Speed Calculator Based on Rotor Angle Without Direction Information 
 



 
 
Description This module calculates the motor speed based on the estimated rotor position 



when the rotational direction information is not available. 
 



 
 
 
 
 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: speed_est.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SPEED_EST C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SPEED_ESTIMATION object is defined by following structure definition 
 



typedef struct {_iq EstimatedTheta;        // Input: Electrical angle  
                        _iq OldEstimatedTheta;     // History: Electrical angle at previous step  
                        _iq EstimatedSpeed;         // Output: Estimated speed in per-unit 
                        Uint32 BaseRpm;         // Parameter: Base speed in rpm (Q0) 
                        _iq21 K1;          // Parameter: Constant for differentiator (Q21) 
                        _iq K2;        // Parameter: Constant for low-pass filter 
                        _iq K3;        // Parameter: Constant for low-pass filter 
                        int32 EstimatedSpeedRpm;   // Output : Estimated speed in rpm  (Q0)  
                     } SPEED_ESTIMATION;                // Data type created  
;   



 
    



Item Name Description Format* Range(Hex) 
Inputs EstimatedTheta Electrical angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
Outputs EstimatedSpeed Computed speed in per-unit   GLOBAL_Q 80000000-7FFFFFFF 



EstimatedSpeedRpm Speed in rpm Q0 80000000-7FFFFFFF 
ESTIMATED
SPEED 
parameter 



K1 K1 = 1/(fb*T) Q21 80000000-7FFFFFFF 
K2 K2 = 1/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 
K3 K3 = T*2*pi*fc/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 



BaseRpm BaseRpm = 120fb/p Q0 80000000-7FFFFFFF 
Internal OldEstimatedTheta Electrical angle in previous 



step 
GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 SPEED_ESTIMATION 



The module definition is created as a data type. This makes it convenient to instance an interface 
to speed calculation based on measured rotor angle. To create multiple instances of the module 
simply declare variables of type SPEED_ESTIMATION. 



  
 
 SPEED_ESTIMATION_DEFAULTS 



Structure symbolic constant to initialize SPEED_ESTIMATION module. This provides the initial 
values to the terminal variables as well as method pointers.  
 
 
 
 
 
 
 
 



 C Interface 
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SPEED_EST C Interface 
 



 
Module Usage   



 
Instantiation 



             The following example instances two SPEED_ESTIMATION objects 
             SPEED_ESTIMATION speed1, speed2; 
 



Initialization 
To Instance pre-initialized objects 
SPEED_ESTIMATION speed1 = SPEED_ESTIMATION_DEFAULTS; 
SPEED_ESTIMATION speed2 = SPEED_ESTIMATION_DEFAULTS; 



 
Invoking the computation macro 
SE_MACRO(speed1); 
SE_MACRO(speed2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
 
void interrupt periodic_interrupt_isr() 
{  
             speed1.EstimatedTheta = theta1;  // Pass inputs to speed1  
             speed2.EstimatedTheta = theta2;  // Pass inputs to speed2   



 
SE_MACRO (speed1);    // Call compute macro for speed1  
SE_MACRO (speed2);    // Call compute macro for speed2  



 
             measured_spd1 = speed1.EstimatedSpeed; // Access the outputs of speed1  
             measured_spd2 = speed2.EstimatedSpeed; // Access the outputs of speed2    
} 
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SPEED_EST Technical Background 
 
 
Technical Background 
 



 



The typical waveforms of the electrical rotor position angle, eθ , in both directions can be seen in 
Figure 1. Assuming the direction of rotation is not available. To take care the discontinuity of 
angle from 360o to 0o (CCW) or from 0o to 360o (CW), the differentiator is simply operated only 
within the differentiable range as seen in this Figure. This differentiable range does not 
significantly lose the information to compute the estimated speed.   
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Figure 1: The waveforms of rotor position in both directions 
 
 
The differentiator equation of rotor position can be expressed as follows.  
 



                                          ( ))1k()k(K)k( ee1e −θ−θ=ω       (1) 



where 
Tf



1K
b



1 = , fb is base frequency (Hz) and T is sampling period (sec). 
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SPEED_EST Technical Background 
 
 
In addition, the rotor speed is necessary to be filtered out by the low-pass filter in order to reduce 
the amplifying noise generated by the pure differentiator. The simple 1st-order low-pass filter is 



used, then the actual rotor speed to be used is the output of the low-pass filter, eω̂ , seen in 
following equation. The continuous-time equation of 1st-order low-pass filter is as 
 



                                                    ( )ee
c



e ˆ1
dt
ˆd



ω−ω
τ



=
ω



                                          (2) 



where 
c



c f2
1
π



=τ  is the low-pass filter time constant (sec), and fc is the cut-off frequency (Hz). 



Using backward approximation, then (2) finally becomes 
                                           



                                               )k(K)1k(ˆK)k(ˆ e3e2e ω+−ω=ω                (3) 



where 
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K
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c
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τ
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T
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c
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= . 



 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. speed_est.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Input eθ  EstimatedTheta 



Output eω̂  EstimatedSpeed 



Others 
K1 K1 
K2 K2 
K3 K3 



 
Table 1: Correspondence of notations 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











 



C2000 Systems and Applications   119 
 



SPEED_FR Speed Calculator Based on Rotor Angle from QEP sensor 
 
 
 
Description This module calculates the motor speed based on a rotor position measurement 



from QEP sensor.  
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: speed_fr.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SPEED_FR C Interface 
 
 
 
C Interface 
 
Object Definition  



The structure of SPEED_MEAS_QEP object is defined by following structure definition 
 



typedef struct {  _iq ElecTheta;    // Input: Electrical angle  
         Uint32 DirectionQep;   // Variable: Direction of rotation (Q0)  
         _iq OldElecTheta;    // History: Electrical angle at previous step 
         _iq Speed;         // Output: Speed in per-unit  
         Uint32 BaseRpm;         // Parameter: Base speed in rpm (Q0)  
         _iq21 K1;           // Parameter: Constant for differentiator (Q21) 
         _iq K2;           // Parameter: Constant for low-pass filter  
         _iq K3;           // Parameter: Constant for low-pass filter  
         int32 SpeedRpm;      // Output : Speed in rpm  (Q0)  
                 } SPEED_MEAS_QEP;    // Data type created 
 
 
    



Item Name Description Format* Range(Hex) 
Inputs ElecTheta Electrical angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
Outputs Speed Computed speed in per-unit   GLOBAL_Q 80000000-7FFFFFFF 



SpeedRpm Speed in rpm Q0 80000000-7FFFFFFF 
SPEED_QEP 
parameter 



K1 K1 = 1/(fb*T) Q21 80000000-7FFFFFFF 
K2 K2 = 1/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 
K3 K3 = T*2*pi*fc/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 



BaseRpm BaseRpm = 120fb/p Q0 80000000-7FFFFFFF 
Internal OldElecTheta Electrical angle in previous step GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 SPEED_MEAS_QEP 



The module definition is created as a data type. This makes it convenient to instance an interface 
to speed calculation based on measured rotor angle. To create multiple instances of the module 
simply declare variables of type SPEED_MEAS_QEP. 



  
 
 SPEED_MEAS_QEP_DEFAULTS 



Structure symbolic constant to initialize SPEED_MEAS_QEP module. This provides the initial 
values to the terminal variables as well as method pointers.  
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SPEED_FR C Interface 
 
 



Module Usage   
 
Instantiation 



             The following example instances two SPEED_MEAS_QEP objects 
             SPEED_MEAS_QEP speed1, speed2; 
 



Initialization 
To Instance pre-initialized objects 
SPEED_MEAS_QEP speed1 = SPEED_MEAS_QEP_DEFAULTS; 
SPEED_MEAS_QEP speed2 = SPEED_MEAS_QEP_DEFAULTS; 



 
Invoking the computation macro 
SPEED_FR_MACRO (speed1); 
SPEED_FR_MACRO (speed2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
 
}  
 
 
void interrupt periodic_interrupt_isr() 
{  
             speed1.ElecTheta = theta1;  // Pass inputs to speed1  
             speed2.ElecTheta = theta2;  // Pass inputs to speed2  



 
SPEED_FR_MACRO (speed1);  // Call compute macro for speed1 
SPEED_FR_MACRO (speed2);  // Call compute macro for speed2  



 
             measured_spd1 = speed1.Speed; // Access the outputs of speed1  
             measured_spd2 = speed2.Speed; // Access the outputs of speed2   
} 
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SPEED_FR Technical Background 
 
 
Technical Background 
 



 



The typical waveforms of the electrical rotor position angle, eθ , in both directions can be seen in 
Figure 1. Assuming the direction of rotation is not available. To take care the discontinuity of 
angle from 360o to 0o (CCW) or from 0o to 360o (CW), the differentiator is simply operated only 
within the differentiable range as seen in this Figure. This differentiable range does not 
significantly lose the information to compute the rotor speed.   
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Figure 1: The waveforms of rotor position in both directions 
 
 
The differentiator equation of rotor position can be expressed as follows.  
 



                                          ( ))1k()k(K)k( ee1e −θ−θ=ω       (1) 



where 
Tf



1K
b



1 = , fb is base frequency (Hz) and T is sampling period (sec). 
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SPEED_FR Technical Background 
 
 
In addition, the rotor speed is necessary to be filtered out by the low-pass filter in order to reduce 
the amplifying noise generated by the pure differentiator. The simple 1st-order low-pass filter is 



used, then the actual rotor speed to be used is the output of the low-pass filter, eω̂ , seen in 
following equation. The continuous-time equation of 1st-order low-pass filter is as 
 



                                                    ( )ee
c



e ˆ1
dt
ˆd



ω−ω
τ



=
ω



                                          (2) 



where 
c



c f2
1
π



=τ  is the low-pass filter time constant (sec), and fc is the cut-off frequency (Hz). 



Using backward approximation, then (2) finally becomes 
                                           



                                               )k(K)1k(ˆK)k(ˆ e3e2e ω+−ω=ω                (3) 



where 
T



K
c



c
2 +τ



τ
= , and 



T
TK



c
3 +τ



= . 



 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. speed_fr.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Input eθ  ElecTheta 



Output eω̂  Speed 



Others 
K1 K1 
K2 K2 
K3 K3 



 
Table 1: Correspondence of notations 
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SPEED_PR Speed Calculator Based on Period Measurement 
 
 
 
Description This module calculates the motor speed based on a signal’s period 



measurement. Such a signal, for which the period is measured, can be the 
periodic output pulses from a motor speed sensor. 



 
 



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: speed_pr.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SPEED_PR C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SPEED_MEAS_CAP object is defined by following structure definition 
 



typedef struct {  Uint32 NewTimeStamp; // Variable: New 'Timestamp' for a capture event (Q0)  
                          Uint32 OldTimeStamp;   // Variable : Old 'Timestamp' for a capture event (Q0)  
                          Uint32 TimeStamp;        // Input: Current 'Timestamp' for a capture event (Q0)  
                          Uint32 SpeedScaler;     // Parameter:  Scaler converting 1/N cycles (Q0)  
                           int32 EventPeriod;     // Input/Variable :  Event Period (Q0)  
                           int16 InputSelect;          // Input : Input selection (1 or 0) 
                          _iq Speed;          // Output:  speed in per-unit  
                          Uint32 BaseRpm;         // Parameter : Scaler converting to rpm (Q0) 
                          int32 SpeedRpm;        // Output : speed in r.p.m. (Q0)  
                        } SPEED_MEAS_CAP;   // Data type created   
;   



 
    



Item Name Description Format* Range(Hex) 
Inputs TimeStamp Current 'Timestamp' for a capture 



event 
Q0 80000000-7FFFFFFF 



InputSelect TimeStamp (InputSelect=0) and 
EventPeriod (InputSelect=1) 



Q0 0 or 1 



EventPeriod Event period between time stamp Q0 80000000-7FFFFFFF 
Outputs Speed Computed speed in per-unit   GLOBAL_Q 80000000-7FFFFFFF 



SpeedRpm Speed in rpm Q0 80000000-7FFFFFFF 
SPEED_CAP 
parameter 



SpeedScaler SpeedScaler =  
60*CLK_freq/(128*N*rmp_max),  
N = number of sprocket teeth 



Q0 80000000-7FFFFFFF 



BaseRpm rmp_max = 120fb/p Q0 80000000-7FFFFFFF 
Internal NewTimeStamp New 'Timestamp' for a capture 



event 
Q0 80000000-7FFFFFFF 



OldTimeStamp Old 'Timestamp' for a capture 
event 



Q0 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 SPEED_MEAS_CAP 



The module definition is created as a data type. This makes it convenient to instance an interface 
to speed calculation based on period. To create multiple instances of the module simply declare 
variables of type SPEED_MEAS_CAP. 



  
 
 SPEED_MEAS_CAP_DEFAULTS 



Structure symbolic constant to initialize SPEED_MEAS_CAP module. This provides the initial 
values to the terminal variables as well as method pointers.  
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SPEED_PR C Interface 
 
 
Module Usage   



 
Instantiation 



 The following example instances two SPEED_MEAS_CAP objects 
 SPEED_MEAS_CAP speed1, speed2; 
 



Initialization 
To Instance pre-initialized objects 
SPEED_MEAS_CAP speed1 = SPEED_MEAS_CAP_DEFAULTS; 
SPEED_MEAS_CAP speed2 = SPEED_MEAS_CAP_DEFAULTS; 



 
Invoking the computation macro 
SPEED_PR_MACRO(speed1); 
SPEED_PR_MACRO(speed2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  
             speed1.TimeStamp = TimeStamp1; // Pass inputs to speed1  
             speed2.TimeStamp = TimeStamp2; // Pass inputs to speed2    



 
SPEED_PR_MACRO(speed2);  // Call compute macro for speed1  
SPEED_PR_MACRO(speed2);  // Call compute macro for speed2  



 
             measured_spd1 = speed1.Speed; // Access the outputs of speed1   
             measured_spd2 = speed2.Speed; // Access the outputs of speed2    
} 
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SPEED_PR Technical Background 
 
 
Technical Background 
 



A low cost shaft sprocket with n teeth and a Hall effect gear tooth sensor is used to measure the 
motor speed. Fig. 1 shows the physical details associated with the sprocket.  The Hall effect 
sensor outputs a square wave pulse every time a tooth rotates within its proximity. The resultant 
pulse rate is n pulses per revolution. The Hall effect sensor output is fed directly to the 281x 
Capture input pin. The capture unit will capture (the value of it’s base timer counter) on either the 
rising or the falling edges (whichever is specified) of the Hall effect sensor output. The captured 
value is passed to this s/w module through the variable called TimeStamp. 



In this module, every time a new input TimeStamp becomes available it is compared with the 
previous TimeStamp.  Thus, the tooth-to-tooth period (t2-t1) value is calculated. In order to reduce 
jitter or period fluctuation, an average of the most recent n period measurements can be 
performed each time a new pulse is detected. 
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Fig. 1 Speed measurement with a sprocket 



 



From the two consecutive TimeStamp values the difference between the captured values are 
calculated as, 



  ∆ = TimeStamp(new) – TimeStamp(old) 



Then the time period in sec is given by, 



where, 



  KP = Prescaler value for the Capture unit time base 



TCLK = CPU clock period in sec 
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SPEED_PR Technical Background 
 



From Fig. 1, the angle θ in radian is given by, 



where, n = number of teeth in the sprocket, i.e., the number of pulses per revolution. 



Then the speed ω in radian/sec and the normalized speed ωN are calculated as, 



Where, ωmax is the maximum value of ω which occurs when ∆=1. Therefore, 



 



For, n=25, KP=32 and TCLK=50x10-9 sec (20MHz CPU clock), the normalized speed ωN is given 
by, 



 



The system parameters chosen above allows maximum speed measurement of 1500,000 rpm. 
Now, in any practical implementation the maximum motor speed will be significantly lower than 
this maximum measurable speed. So, for example, if the motor used has a maximum operating 
speed of 23000 rpm, then the calculated speed can be expressed as a normalized value with a 
base value of normalization of at least 23000 RPM. If we choose this base value of normalization 
as 23438 rpm, then the corresponding base value of normalization, in rad/sec, is,  
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SPEED_PR Technical Background 
 



Therefore, the scaled normalized speed in per-unit is calculated as, 



 



This shows that in this case the scaling factor is 64. The speed, in rpm, is calculated as, 



 



The capture unit allows accurate time measurement (in multiples of clock cycles and defined by a 
prescaler selection) between events. In this case the events are selected to be the rising edge of 
the incoming pulse train. What we are interested in is the delta time between events and hence 
for this implementation Timer 1 is allowed to free run with a prescale of 32 (1.6uS resolution for 
20MHz CPU clock) and the delta time ∆, in scaled clock counts, is calculated as shown in Fig. 2. 
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Fig. 2 Calculation of speed 



 



In Fig. 2, the vertical axis f(t) represents the value of the Timer counter  which is running in 
continuous up count mode and resetting when the period register = 7FFFh. Note that two cases 
need to be accounted for: the simple case where the Timer has not wrapped around and where it 
has wrapped around. By keeping the current and previous capture values it is easy to test for 
each of these cases. 



Once a “robust” period measurement is extracted from the averaging algorithm, the speed is 
calculated using the appropriate equations explained before 
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SPEED_PR Technical Background 
 



Finally, for a base speed in rpm (BaseRpm), the SpeedScaler is basically 1/ωN (with ω = ωmax1) 
for the number of teeth in the sprocket, prescaler value for the capture unit time base, and CPU 
clock period (sec) is therefore computed as follows: 
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SVGEN  Space Vector Generator 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using space vector PWM technique. The stator 
reference voltage is described by it’s (α,β) components, Ualpha and Ubeta. 



 
 
 
 
 
 
 
 
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point  
 



C Version File Names: aci_se.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN  C Interface 
C Interface 
 
Object Definition  



The structure of SVGENDQ object is defined by following structure definition  
 
typedef struct 
 
{ _iq  Ualpha;     // Input: reference alpha-axis phase voltage   



   _iq  Ubeta;  // Input: reference beta-axis phase voltage   
   _iq  Ta;  // Output: reference phase-a switching function                               
       _iq  Tb;  // Output: reference phase-b switching function    
   _iq  Tc;  // Output: reference phase-c switching function  
 } SVGENDQ; 



 
 



Module Terminal Variables/Macros  



Item Name Description Format* Range(Hex) 
Inputs 



Ualpha 
Component of reference stator 



voltage vector on direct axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Ubeta 
Component of reference stator 



voltage vector on quadrature axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ta 



Duty ratio of PWM1 (CMPR1 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb 



Duty ratio of PWM3 (CMPR2 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc 



Duty ratio of PWM5 (CMPR3 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Variable tmp1,2,3 Internal variable GLOBAL_Q 80000000-7FFFFFFF 
 



*GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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SVGEN  C Interface 
 
Special Constants and Data types 
   
 SVGENDQ 



The module definition is created as a data type. This makes it convenient to instance an interface 
to space vector generator. To create multiple instances of the module simply declare variables of 
type SVGENDQ. 



  
 SVGENDQ_DEFAULTS 



Structure symbolic constant to initialize SVGENDQ module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
Module Usage   



 
Instantiation 



The following example instances two SVGENDQ objects 
SVGENDQ svgen1, svgen2; 
 



Initialization 
To Instance pre-initialized objects 
SVGENDQ svgen1 = SVGENDQ_DEFAULTS; 
SVGENDQ svgen2 = SVGENDQ_DEFAULTS; 



 
Invoking the computation macro 
SVGEN_MACRO (svgen1); 
SVGEN_MACRO (svgen2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



svgen1.Ualpha = Ualpha1;             // Pass inputs to svgen1  
svgen1.Ubeta = Ubeta1;             // Pass inputs to svgen1  
 
svgen2.Ualpha = Ualpha2;             // Pass inputs to svgen2  
svgen2.Ubeta = Ubeta2;             // Pass inputs to svgen2  
 
SVGEN_MACRO (svgen1);  // Call compute macro for svgen_dq1 
SVGEN_MACRO (svgen2);  // Call compute macro for svgen2 
 



             Ta1 = svgen_dq1.Ta;   // Access the outputs of svgen_dq1   
             Tb1 = svgen_dq1.Tb;   // Access the outputs of svgen_dq1    
             Tc1 = svgen_dq1.Tc;   // Access the outputs of svgen_dq1    
   
             Ta2 = svgen2.Ta;   // Access the outputs of svgen2    
             Tb2 = svgen2.Tb;   // Access the outputs of svgen2    
             Tc2 = svgen2.Tc;   // Access the outputs of svgen2    
} 
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SVGEN_COMM Space Vector Generator using Common Mode 
 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using common mode voltage. The stator reference 
voltage is described by it’s (α,β) components, Ualpha and Ubeta. Note that the 
input range for this particular macro is ± 2/sqrt(3). 



 
 
 
 
 
 
 



 
Availability   This IQ module is available in one interface format: 
  



• The C interface version 
 
Module Properties Type: Target Independent, Application Independent 
 
   Target Devices: 28x Fixed and Floating Point devices 
 



C Version File Names: svgen_comm.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN COMM C Interface 
 



C Interface 
 
Object Definition 
  
The structure of SVGENCOMM object is defined by following structure definition 



 
typedef struct {  _iq  Ualpha;  // Input: reference alpha-axis phase voltage   
  _iq  Ubeta;       // Input: reference beta-axis phase voltage   



_iq  Ta; // Output: reference phase-a switching function                     
_iq  Tb; // Output: reference phase-b switching function    



  _iq  Tc; // Output: reference phase-c switching function  
                          _iq  Va; // Variable: reference phase-a voltage 
                          _iq  Vb; // Variable: reference phase-a voltage 
                          _iq  Vc; // Variable: reference phase-a voltage 
  _iq  Vmax;     //Variable: max phase  
  _iq  Vmin;      //Variable: min phase  
  _iq  Vcomm;  //Variable: common mode voltage 
} SVGENCOMM;              
 
 



Item Name Description Format* Range(Hex) 
Inputs 



Ualpha 
Component of reference stator 



voltage vector on direct axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Ubeta 
Component of reference stator 



voltage vector on quadrature axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ta 



Duty ratio of PWM1 (CMPR1 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb 



Duty ratio of PWM3 (CMPR2 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc 



Duty ratio of PWM5 (CMPR3 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Internal Va Reference phase-a voltage GLOBAL_Q 80000000-7FFFFFFF 
Vb Reference phase-b voltage GLOBAL_Q 80000000-7FFFFFFF 
Vc Reference phase-c voltage GLOBAL_Q 80000000-7FFFFFFF 



Vmax Maximum of phase voltages GLOBAL_Q 80000000-7FFFFFFF 
Vmin Minimum of phase voltages GLOBAL_Q 80000000-7FFFFFFF 



Vcomm Common mode voltage GLOBAL_Q 80000000-7FFFFFFF 
    
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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SVGEN_COMM C Interface 
 
Special Constants and Data types 
   
 SVGEN_COMM 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the SVGEN_COMM variable transformation. To create multiple instances of the module simply 
declare variables of type SVGEN_COMM. 



  
 
 SVGEN_COMM_DEFAULTS 



Structure symbolic constant to initialize SVGEN_COMM module. This provides the initial values 
to the terminal variables as well as method pointers.  



 
Module Usage   



 
Instantiation 



             The following example instances two SVGEN_COMM objects 
             SVGEN_COMM svgen_comm1, svgen_comm2; 



 
Initialization 



To Instance pre-initialized objects 
SVGEN_COMM svgen_comm1 = SVGEN_COMM_DEFAULTS; 
SVGEN_COMM svgen_comm2 = SVGEN_COMM_DEFAULTS; 



 
Invoking the computation macro 



SVGEN_COMM_MACRO (svgen_comm1); 
SVGEN_COMM_MACRO (svgen_comm2); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 
}  
void interrupt periodic_interrupt_isr() 
{  



svgen_comm.Ualpha = Ualpha1;             // Pass inputs to svgen_comm  
svgen_comm.Ubeta = Ubeta1;               // Pass inputs to svgen_comm  
 
svgen_comm2.Ualpha = Ualpha2;             // Pass inputs to svgen_comm2  
svgen_comm2.Ubeta = Ubeta2;               // Pass inputs to svgen_comm2  
 
SVGEN_MACRO (svgen_comm1);  // Call compute macro for svgen_comm1 
SVGEN_MACRO (svgen_comm2);  // Call compute macro for svgen_comm2 
 



             Ta1 = svgen_comm1.Ta;   // Access the outputs of svgen_comm1   
             Tb1 = svgen_comm1.Tb;   // Access the outputs of svgen_comm1    
             Tc1 = svgen_comm1.Tc;   // Access the outputs of svgen_comm1    
   
             Ta2 = svgen_comm2.Ta;   // Access the outputs of svgen_comm2    
             Tb2 = svgen_comm2.Tb;   // Access the outputs of svgen_comm2    
             Tc2 = svgen_comm2.Tc;   // Access the outputs of svgen_comm2    
} 
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SVGEN_DPWM  Discontinuous Space Vector Generator 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using space vector PWM technique. The stator 
reference voltage is described by it’s (α,β) components, Ualpha and Ubeta. 
Different than the regular SVGEN, this modulation technique keeps one of the 
three switches off during the entire 1200 to minimize switching losses. This 
technique is also known as DPWMmin in the literature.   



 
 
 
 
 
 
 
 
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point  
 



C Version File Names: aci_se.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN_DPWM  C Interface 
 
Object Definition  



The structure of SVGENDPWM object is defined by following structure definition  
 
typedef struct 
 
{ _iq  Ualpha;     // Input: reference alpha-axis phase voltage   



   _iq  Ubeta;  // Input: reference beta-axis phase voltage   
   _iq  Ta;  // Output: reference phase-a switching function                               
       _iq  Tb;  // Output: reference phase-b switching function    
   _iq  Tc;  // Output: reference phase-c switching function  
 } SVGENDPWM; 



 
 



Module Terminal Variables/Macros  



Item Name Description Format* Range(Hex) 
Inputs 



Ualpha 
Component of reference stator 



voltage vector on direct axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Ubeta 
Component of reference stator 



voltage vector on quadrature axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ta 



Duty ratio of PWM1 (CMPR1 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb 



Duty ratio of PWM3 (CMPR2 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc 



Duty ratio of PWM5 (CMPR3 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Variable tmp1,2,3 Internal variable GLOBAL_Q 80000000-7FFFFFFF 
 



*GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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SVGEN_DPWM  C Interface 
 
Special Constants and Data types 
   
 SVGENDPWM 



The module definition is created as a data type. This makes it convenient to instance an interface 
to space vector generator. To create multiple instances of the module simply declare variables of 
type SVGENDPWM. 



  
 SVGENDPWM_DEFAULTS 



Structure symbolic constant to initialize SVGENDPWM module. This provides the initial values to 
the terminal variables as well as method pointers.  



 
Module Usage   



 
Instantiation 



             The following example instances two SVGENDPWM objects 
             SVGENDPWM svgendpwm1, svgendpwm2; 
 



Initialization 
To Instance pre-initialized objects 
SVGENDPWM svgendpwm1 = SVGENDPWM_DEFAULTS; 
SVGENDPWM svgendpwm2 = SVGENDPWM_DEFAULTS; 



 
Invoking the computation macro 
SVGENDPWM_MACRO (svgendpwm1); 
SVGENDPWM_MACRO (svgendpwm2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



svgendpwm1.Ualpha = Ualpha1; // Pass inputs to svgendpwm1  
svgendpwm1.Ubeta = Ubeta1;             // Pass inputs to svgendpwm1  
 
svgendpwm2.Ualpha = Ualpha2; // Pass inputs to svgendpwm2  
svgendpwm2.Ubeta = Ubeta2;             // Pass inputs to svgendpwm2  
 
SVGENDPWM_MACRO (svgendpwm1);  // Call compute macro for svgendpwm1 
SVGENDPWM_MACRO (svgendpwm2); // Call compute macro for svgendpwm2 
 



             Ta1 = svgendpwm1.Ta;   // Access the outputs of svgen_dpwm1 
             Tb1 = svgendpwm1.Tb;   // Access the outputs of svgen_dpwm1  
             Tc1 = svgendpwm1.Tc;   // Access the outputs of svgen_dpwm1  
   
             Ta2 = svgendpwm2.Ta;   // Access the outputs of svgendpwm2    
             Tb2 = svgendpwm2.Tb;   // Access the outputs of svgendpwm2    
             Tc2 = svgendpwm2.Tc;   // Access the outputs of svgendpwm2    
} 
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SVGEN_MF Space Vector Generator (magnitude/frequency) 
 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using space vector PWM technique. The stator 
reference voltage is described by its magnitude and frequency. 



 
 
 
 



                                  
 
 
 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: svgen_mf.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN_MF C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SVGENMF object is defined by following structure definition 
 



typedef struct  { _iq  Gain;   // Input: reference gain voltage  
                            _iq  Offset;     // Input: reference offset voltage  
    _iq  Freq;  // Input: reference frequency   
                     _iq  FreqMax;   // Parameter: Maximum step angle  
                     _iq  Alpha;       // History: Sector angle  
                     _iq  NewEntry;     // History: Sine (angular) look-up pointer  
                     Uint32  SectorPointer;  // History: Sector number (Q0)  
                _iq  Ta;  // Output: reference phase-a switching function                               
                            _iq  Tb;  // Output: reference phase-b switching function   
                _iq  Tc;  // Output: reference phase-c switching function   
  } SVGENMF; 
    



Item Name Description Format* Range(Hex) 
Inputs Gain reference gain voltage GLOBAL_Q 80000000-7FFFFFFF 



Offset reference offset voltage GLOBAL_Q 80000000-7FFFFFFF 
Freq reference frequency GLOBAL_Q 80000000-7FFFFFFF 



Outputs Ta Duty ratio of PWM1 (CMPR1 
register value as a fraction of 
associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb Duty ratio of PWM3 (CMPR2 
register value as a fraction of 
associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc Duty ratio of PWM5 (CMPR3 
register value as a fraction of 
associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



SVGENMF 
parameters 



FreqMax FreqMax = 6*fb*T   GLOBAL_Q 00000000-7FFFFFFF 



Internal Alpha Sector angle GLOBAL_Q 80000000-7FFFFFFF 
NewEntry Sine (angular) look-up pointer GLOBAL_Q 80000000-7FFFFFFF 



SectorPointer Sector number Q0 0-5 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
Special Constants and Data types 
   
 SVGENMF 



The module definition is created as a data type. This makes it convenient to instance an interface 
to space vector generator using magnitude and frequency. To create multiple instances of the 
module simply declare variables of type SVGENMF. 



  
 
 SVGENMF_DEFAULTS 



Structure symbolic constant to initialize SVGENMF module. This provides the initial values to the 
terminal variables as well as method pointers.  
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SVGEN_MF C Interface 
 
 
Module Usage   



 
Instantiation 



 The following example instances two SVGENMF objects 
 SVGENMF svgen_mf1, svgen_mf2; 
 



Initialization 
To Instance pre-initialized objects 
SVGENMF svgen_mf1 = SVGENMF_DEFAULTS; 
SVGENMF svgen_mf2 = SVGENMF_DEFAULTS; 



 
Invoking the computation function 
SVGENMF_MACRO(svgen_mf1); 
SVGENMF_MACRO(svgen_mf2); 
 



 
Example 



The following pseudo code provides the information about the module usage.  
 



main() 
{ 
 
}  
void interrupt periodic_interrupt_isr() 
{  



svgen_mf1.Gain = gain1;             // Pass inputs to svgen_mf1  
svgen_mf1.Freq = offset1;             // Pass inputs to svgen_mf1  
 
svgen_mf2.Gain = gain2;             // Pass inputs to svgen_mf2  
svgen_mf2.Freq = offset2;             // Pass inputs to svgen_mf2  
 
SVGENMF_MACRO(svgen_mf1);  // Call compute macro for svgen_mf1 
SVGENMF_MACRO(svgen_mf2); // Call compute macro for svgen_mf2  
 



             Ta1 = svgen_mf1.Ta;   // Access the outputs of svgen_mf1  
             Tb1 = svgen_mf1.Tb;   // Access the outputs of svgen_mf1    
             Tc1 = svgen_mf1.Tc;   // Access the outputs of svgen_mf1    
   
             Ta2 = svgen_mf2.Ta;   // Access the outputs of svgen_mf2  
             Tb2 = svgen_mf2.Tb;   // Access the outputs of svgen_mf2    
             Tc2 = svgen_mf2.Tc;   // Access the outputs of svgen_mf2    
} 
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SVGEN_MF Technical Background 
 
Technical Background 
 



The Space Vector Pulse Width Modulation (SVPWM) refers to a special switching sequence of 
the upper three power devices of a three-phase voltage source inverters (VSI) used in application 
such as AC induction and permanent magnet synchronous motor drives. This special switching 
scheme for the power devices results in 3 pseudo-sinusoidal currents in the stator phases. 
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Figure 3: Power circuit topology for a three-phase VSI  



It has been shown that SVPWM generates less harmonic distortion in the output voltages or 
currents in the windings of the motor load and provides more efficient use of DC supply voltage, 
in comparison to direct sinusoidal modulation technique. 



 



 



 



 



 



 



 



 



 



Figure 2: Power bridge for a three-phase VSI 



For the three phase power inverter configurations shown in Figure 1 and Figure 2, there are eight 
possible combinations of on and off states of the upper power transistors.  
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SVGEN_MF Technical Background 



 



These combinations and the resulting instantaneous output line-to-line and phase voltages, for a 
dc bus voltage of VDC, are shown in Table 1. 



 
c b a VAN VBN VCN VAB VBC VCA 



0 0 0 0 0 0 0 0 0 



0 0 1 2VDC/3 -VDC/3 -VDC/3 VDC 0 - VDC 



0 1 0 -VDC/3 2VDC/3 -VDC/3 - VDC VDC 0 



0 1 1 VDC/3 VDC/3 -2VDC/3 0 VDC - VDC 



1 0 0 -VDC/3 -VDC/3 2VDC/3 0 - VDC VDC 



1 0 1 VDC/3 -2VDC/3 VDC/3 VDC - VDC 0 



1 1 0 -2VDC/3 VDC/3 VDC/3 - VDC 0 VDC 



1 1 1 0 0 0 0 0 0 



 
Table 1: Device on/off patterns and resulting instantaneous voltages of a 3-phase power inverter 



 



The quadrature quantities (in d-q frame) corresponding to these 3 phase voltages are given by 
the general Clarke transform equation: 



 



3
2 ANBN



qs



ANds



VV
V



VV



+
=



=
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Due to the fact that only 8 combinations are possible for the power switches, Vds and Vqs can also 
take only a finite number of values in the (d-q) frame according to the status of the transistor 
command signals (c,b,a). These values of Vds and Vqs for the corresponding instantaneous values 
of the phase voltages (VAN, VBN, VCN) are listed in Table 2. 
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SVGEN_MF Technical Background 



 



c b a Vds Vqs Vector 



0 0 0 0 0 O0 



0 0 1 2 VDC/3 0 U0 



0 1 0 -VDC/3 VDC/√3 U120 



0 1 1 VDC/3 VDC/√3 U60 



1 0 0 -VDC/3 -VDC/√3 U240 



1 0 1 VDC/3 -VDC/√3 U300 



1 1 0 -2 VDC/3 0 U180 



1 1 1 0 0 O111 



Table 2: Switching patterns, corresponding space vectors and their (d-q) components 



 



These values of Vds and Vqs, listed in Table 2, are called the (d-q) components of the basic space 
vectors corresponding to the appropriate transistor command signal (c,b,a). The space vectors 
corresponding to the signal (c,b,a) are listed in the last column in Table 2. For example, 
(c,b,a)=001 indicates that the space vector is U0.The eight basic space vectors defined by the 
combination of the switches are also shown in Figure 3. 



 



 



 



 



 



 



 



 



 



 



Figure 3: Basic space vectors 



 



In Figure 3, vectors corresponding to states 0 (000) and 7 (111) of the switching variables are 
called the zero vectors. 
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SVGEN_MF Technical Background 
 
 
Decomposing the reference voltage vector V* 



 
The objective of Space Vector PWM technique is to approximate a given stator reference voltage 
vector V* by combination of the switching pattern corresponding to the basic space vectors. The 
reference voltage vector V* is obtained by mapping the desired three phase output voltages(line 
to neutral) in the (d-q) frame through the Clarke transform defined earlier. When the desired 
output phase voltages are balanced three phase sinusoidal voltages, V* becomes a vector 
rotating around the origin of the (d-q) plane with a frequency corresponding to that of the desired 
three phase voltages.  



The magnitude of each basic space vector, as shown in Figure 3, is normalized by the maximum 
value of the phase voltages. Therefore, when the maximum bus voltage is VDC, the maximum line 
to line voltage is also VDC, and so the maximum phase voltage(line to neutral) is VDC/√3. From 
Table 2, the magnitude of the basic space vectors is 2VDC/3. When this is normalized by the 
maximum phase voltage(VDC/√3), the magnitude of the basic space vectors becomes  2/√3. 
These magnitudes of the basic space vectors are indicated in Figure 3.   
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Figure 3: Projection of the reference voltage vector 



 
Representing the reference vector V* with the basic space vectors requires precise control of 
both the vector magnitude M (also called the modulation index) and the angle α. The aim here is 
to rotate V* in the d-q plane at a given angular speed (frequency) ω. The vector magnitude M 
controls the resultant peak phase voltage generated by the inverter. 
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SVGEN_MF Technical Background 
 



In order to generate the reference vector V*, a time average of the associated basic space 
vectors is required, i.e. the desired voltage vector V* located in a given sector, can be 
synthesized as a linear combination of the two adjacent space vectors, Ux and Uy which frame 
the sector, and either one of the two zero vectors. Therefore, 



V* = dxUx + dyUy + dzUz   



where Uz is the zero vector, and dx, dy and dz are the duty ratios of the states X, Y and Z within 
the PWM switching interval. The duty ratios must add to 100% of the PWM period, i.e: dx + dy + 
dz = 1. 



Vector V* in Fig. 4 can also be written as: 



V* = MVmaxejα = dxUx + dyUy + dzUz   



where M is the modulation index and Vmax is the maximum value of the desired phase voltage. 



By projecting V* along the two adjacent space vectors Ux and Uy, we have, 
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Since the voltages are normalized by the maximum phase voltage, Vmax=1. Then by knowing |Ux| 
= |Uy|  = 2/√3 (when normalized by maximum phase voltage), the duty ratios can be derived as, 



   
dx M= −sin( )60 α    



dy M= sin( )α   



These same equations apply to any sector, since the d-q reference frame, which has here no 
specific orientation in the physical space, can be aligned with any space vector. 



 
As shown in Fig. 4, sine of α is needed to decompose the reference voltage vector onto the basic 
space vectors of the sector the voltage vector is in. Since this decomposition is identical among 
the six sectors, only a 60° sine lookup table is needed. In order to complete one revolution (360o) 
the sine table must be cycled through 6 times. 



For a given step size the angular frequency (in cycles/sec) of V* is given by: 



ω =
×



×



STEP fs
m6 2
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SVGEN_MF Technical Background 
 



Where fs = sampling frequency (i.e. PWM frequency), STEP = angle stepping increment, and m = 
# bits in the integration register. 



For example, if fs = 24KHz, m = 16 bits & STEP ranges from 02048 then the resulting angular 
frequencies will be as shown in Table 3. 



STEP Freq(Hz) STEP Freq(Hz) STEP Freq(Hz) 
1 0.061 600 36.62 1700 103.76 
20 1.22 700 42.72 1800 109.86 
40 2.44 800 48.83 1900 115.97 
60 3.66 900 54.93 2000 122.07 
80 4.88 1000 61.04 2100 128.17 
100 6.10 1100 67.14 2200 134.28 



Table 3: Frequency mapping 



From the table it is clear that a STEP value of 1 gives a frequency of 0.061Hz, this defines the 
frequency setting resolution, i.e. the actual line voltage frequency delivered to the AC motor can 
be controlled to better than 0.1 Hz. 



For a given fs the frequency setting resolution is determined by m the number of bits in the 
integration register. Table 4 shows the theoretical resolution which results from various sizes of 
m. 



 
 



m (# bits) Freq res(Hz) m (# bits) Freq res(Hz) 
8 15.6250 17 0.0305 
12 0.9766 18 0.0153 
14 0.2441 19 0.0076 
16 0.0610 20 0.0038 



Table 4: Resolution of frequency mapping 



For IQmath implementation, the maximum step size in per-unit, FreqMax, for a given base 
frequency, fb and a defined GLOBAL_Q number is therefore computed as follows: 



                                              



QGLOBAL _
sb 2T f6FreqMax ×××=  



Equivalently, by using _IQ() function for converting from a floating-point number to a _iq number, 
the FreqMax can also be computed as 



                                                 )T f6(_FreqMax sb ××= IQ  



  
             where Ts is the sampling period (sec). 
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SVGEN_MF Technical Background 
 



Realization of the PWM Switching Pattern 



Once the PWM duty ratios dx, dy and dz are calculated, the appropriate compare values for the 
compare registers in 28xx can be determined. The switching pattern in Figure 4 is adopted here 
and is implemented with the Full Compare Units of 28xx. A set of 3 new compare values, Ta, Tb 
and Tc, need to be calculated every PWM period to generate this switching pattern. 
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d0 dx dy d7 d0 dx



= 1 PWM period



Note:
d0 = d7 = dz



 



Figure 4: PWM output switching pattern  



From Figure 5, it can be seen: 



 Ta = ( T - dx -dy )/2   



 Tb = dx + Ta    



 Tc = T -Ta    



If we define an intermediate variable T1 using the following equation: 



                                                    
2



1 dydxTT −−
=  



Then for different sectors Ta, Tb and Tc can be expressed in terms of T1. Table 5 depicts this 
determination.  
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SVGEN_MF Technical Background 



 



 



Sectors U0, U60 U60, U120 U120, U180 U180, U240 U240, U300 U300, U0 



Ta T1 dy+Tb T-Tb T-Tc dx+Tc T1 



Tb dx+Ta T1 T1 dy+Tc T-Tc T-Ta 



Tc T-Ta T-Tb dx+Tb T1 T1 dy+Ta 



Table 5: Calculation of duty cycle for different sectors 



The switching pattern shown in Figure 5 is an asymmetric PWM implementation. However, 28xx 
devices can also generate symmetric PWM. Little change to the above implementation is needed 
to accommodate for this change. The choice between the symmetrical and asymmetrical case 
depends on the other care-about in the final implementation. 
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V_Hz_PROFILE Volt/Hertz Profile for AC Induction Motor 
 



 
 
Description This module generates an output command voltage for a specific input command 



frequency according to the specified volts/hertz profile. This is used for variable 
speed implementation of AC induction motor drives.      



 
 
 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: vhzprof.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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V_Hz_PROFILE C Interface 
 
 
 
C Interface 
 
Object Definition  



The structure of VHZPROF object is defined by following structure definition 
 



typedef struct  { _iq  Freq;    // Input: Input Frequency  
                _iq  VoltOut;  // Output: Output voltage  
    _iq  LowFreq;  // Parameter: Low Frequency    
    _iq  HighFreq;  // Parameter: High Frequency at rated voltage  
    _iq  FreqMax;   // Parameter: Maximum Frequency 
    _iq  VoltMax;  // Parameter: Rated voltage  
      _iq  VoltMin;  // Parameter: Voltage at low Frequency range 
    } VHZPROF;                     
 
    



Item Name Description Format* Range(Hex) 
Inputs Freq Input Frequency GLOBAL_Q 80000000-7FFFFFFF 
Outputs VoltOut Output voltage  GLOBAL_Q 80000000-7FFFFFFF 
VHZPROF 
parameter 



LowFreq Low Frequency   GLOBAL_Q 80000000-7FFFFFFF 
HighFreq High Frequency at rated voltage GLOBAL_Q 80000000-7FFFFFFF 
FreqMax Maximum Frequency GLOBAL_Q 80000000-7FFFFFFF 
VoltMax Rated voltage GLOBAL_Q 80000000-7FFFFFFF 
VoltMin Voltage at low Frequency range GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 VHZPROF 



The module definition is created as a data type. This makes it convenient to instance an interface 
to volt/hertz profile. To create multiple instances of the module simply declare variables of type 
VHZPROF. 



  
 
 VHZPROF_DEFAULTS 



Structure symbolic constant to initialize VHZPROF module. This provides the initial values to the 
terminal variables as well as method pointers.  
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V_Hz_PROFILE C Interface 
 
 
Module Usage   



 
Instantiation 



 The following example instances two VHZPROF objects 
 VHZPROF vhz1, vhz2; 
 



Initialization 
To Instance pre-initialized objects 
VHZPROF vhz1 = VHZPROF_DEFAULTS; 
VHZPROF vhz2 = VHZPROF_DEFAULTS; 



 
Invoking the computation macro 
VHZ_PROF_MACRO(vhz1); 
VHZ_PROF_MACRO(vhz2); 
 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



vhz1.Freq = Freq1;               // Pass inputs to vhz1 
vhz2.Freq = Freq2;               // Pass inputs to vhz2 
 
VHZ_PROF_MACRO(vhz1);   // Call compute macro for vhz1 
VHZ_PROF_MACRO(vhz2);   // Call compute macro for vhz2 
 



             VoltOut1 = vhz1.VoltOut;  // Access the outputs of vhz1  
             VoltOut2 = vhz2.VoltOut;  // Access the outputs of vhz2    
} 
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V_Hz_PROFILE Technical Background 
 
 
Technical Background 
 



If the voltage applied to a three phase AC Induction motor is sinusoidal, then by neglecting the 
small voltage drop across the stator resistor, we have, at steady state, 



 V j≈ ω Λ    



i.e. 
V ≈ ω Λ    



where V  and Λ  are the phasor representations of stator voltage and stator flux, and V  and 
Λ  are their magnitude, respectively. Thus, we get 



Λ ≈ =
V V



fω π
1



2    



From the last equation, it follows that if the ratio V f  remains constant for any change in f , 
then flux remains constant and the torque becomes independent of the supply frequency. In 
actual implementation, the ratio of the magnitude to frequency is usually based on the rated 
values of these parameters, i.e., the motor rated parameters. However, when the frequency, and 
hence the voltage, is low, the voltage drop across the stator resistor cannot be neglected and 
must be compensated for. At frequencies higher than the rated value, maintaining constant V/Hz 
means exceeding rated stator voltage and thereby causing the possibility of insulation break 
down. To avoid this, constant V/Hz principle is also violated at such frequencies. This principle is 
illustrated in Figure 1. 
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Figure 1: Voltage versus frequency under the constant V/Hz principle 



Since the stator flux is maintained constant (independent of the change in supply frequency), the 
torque developed depends only on the slip speed. This is shown in Figure 2. So by regulating the 
slip speed, the torque and speed of an AC Induction motor can be controlled with the constant 
V/Hz principle. 
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V_Hz_PROFILE Technical Background 
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Figure 2: Torque versus slip speed of an induction motor with constant stator flux 



Both open and closed-loop control of the speed of an AC induction motor can be implemented 
based on the constant V/Hz principle. Open-loop speed control is used when accuracy in speed 
response is not a concern such as in HVAC (heating, ventilation and air conditioning), fan or 
blower applications. In this case, the supply frequency is determined based on the desired speed 
and the assumption that the motor will roughly follow its synchronous speed. The error in speed 
resulted from slip of the motor is considered acceptable. 



In this implementation, the profile in Figure 1 is modified by imposing a lower limit on frequency. 
This is shown in Figure 3. This approach is acceptable to applications such as fan and blower 
drives where the speed response at low end is not critical. Since the rated voltage, which is also 
the maximum voltage, is applied to the motor at rated frequency, only the rated minimum and 
maximum frequency information is needed to implement the profile. 
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Figure 3: Modified V/Hz profile  



The command frequency is allowed to go below the minimum frequency, fmin, with the output 
voltage saturating at a minimum value, Vmin . Also, when the command frequency is higher than 
the maximum frequency, fmax, the output voltage is saturated at a maximum value, Vmax. 
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Abstract 
 
This application note presents a solution to control a permanent magnet synchronous motor (PMSM) 
using the TMS320F2803x microcontrollers. TMS320F2803x devices are part of the family of C2000 
microcontrollers which enable cost-effective design of intelligent controllers for three phase motors by 
reducing the system components and increase efficiency With these devices it is  possible to realize far 
more precise digital vector control algorithms like the Field Orientated Control (FOC). This algorithm’s 
implementation is discussed in this document. The FOC algorithm maintains efficiency in a wide range 
of speeds and takes into consideration torque changes with transient phases by processing a dynamic 
model of the motor. 
 
This application note covers the following:  
 



 A theoretical background on field oriented motor control principle. 
 Incremental build levels based on modular software blocks  
 Experimental results 
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Introduction 
 
A brushless Permanent Magnet Synchronous motor (PMSM) has a wound stator, a permanent magnet 
rotor assembly and internal or external devices to sense rotor position. The sensing devices provide 
position feedback for adjusting frequency and amplitude of stator voltage reference properly to maintain 
rotation of the magnet assembly. The combination of an inner permanent magnet rotor and outer 
windings offers the advantages of low rotor inertia, efficient heat dissipation, and reduction of the motor 
size. Moreover, the elimination of brushes reduces noise, EMI generation and suppresses the need of 
brushes maintenance.  
 
This document presents a solution to control a permanent magnet synchronous motor using the 
TMS320F2803x. This new family of DSPs enables cost-effective design of intelligent controllers for 
brushless motors which can fulfill enhanced operations, consisting of fewer system components, lower 
system cost and increased performances. The control method presented relies on the field orientated 
control (FOC). This algorithm maintains efficiency in a wide range of speeds and takes into 
consideration torque changes with transient phases by controlling the flux directly from the rotor 
coordinates. This application report presents the implementation of a control for sinusoidal PMSM 
motor. The sinusoidal voltage waveform applied to this motor is created by using the Space Vector 
modulation technique. Minimum amount of torque ripple appears when driving this sinusoidal BEMF 
motor with sinusoidal currents. 
 
Permanent Magnet Motors  
 
There are primarily two types of three-phase permanent magnet synchronous motors. One uses rotor 
windings fed from the stator and the other uses permanent magnets. A motor fitted with rotor windings, 
requires brushes to obtain its current supply and generate rotor flux. The contacts are made of rings 
and have any commutator segments. The drawbacks of this type of structure are maintenance needs 
and lower reliability. Replacing the common rotor field windings and pole structure with permanent 
magnets puts the motor into the category of brushless motors. It is possible to build brushless 
permanent magnet motors with any even number of magnet poles. The use of magnets enables an 
efficient use of the radial space and replaces the rotor windings, therefore suppressing the rotor copper 
losses. Advanced magnet materials permit a considerable reduction in motor dimensions while 
maintaining a very high power density. 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 
 
 
 
 
 
 



Fig. 1 A three-phase synchronous motor with a one permanent magnet pair 
pole rotor 
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Synchronous Motor Operation 
 



 Synchronous motor construction: Permanent magnets are rigidly fixed to the rotating axis to create a 
constant rotor flux. This rotor flux usually has a constant magnitude. The stator windings when 
energized create a rotating electromagnetic field. To control the rotating magnetic field, it is 
necessary to control the stator currents. 



 The actual structure of the rotor varies depending on the power range and rated speed of the 
machine. Permanent magnets are suitable for synchronous machines ranging up-to a few Kilowatts. 
For higher power ratings the rotor usually consists of windings in which a DC current circulates. The 
mechanical structure of the rotor is designed for number of poles desired, and the desired flux 
gradients desired. 



 The interaction between the stator and rotor fluxes produces a torque. Since the stator is firmly 
mounted to the frame, and the rotor is free to rotate, the rotor will rotate, producing a useful 
mechanical output. 



 The angle between the rotor magnetic field and stator field must be carefully controlled to produce 
maximum torque and achieve high electromechanical conversion efficiency. For this purpose a fine 
tuning is needed after closing the speed loop in order to draw minimum amount of current under the 
same speed and torque conditions. 



 The rotating stator field must rotate at the same frequency as the rotor permanent magnetic field; 
otherwise the rotor will experience rapidly alternating positive and negative torque. This will result in 
less than optimal torque production, and excessive mechanical vibration, noise, and mechanical 
stresses on the machine parts. In addition, if the rotor inertia prevents the rotor from being able to 
respond to these oscillations, the rotor will stop rotating at the synchronous frequency, and respond 
to the average torque as seen by the stationary rotor: Zero. This means that the machine experiences 
a phenomenon known as ‘pull-out’. This is also the reason why the synchronous machine is not self 
starting. 



 The angle between the rotor field and the stator field must be equal to 90º to obtain the highest 
mutual torque production. This synchronization requires knowing the rotor position in order to 
generate the right stator field. 



 The stator magnetic field can be made to have any direction and magnitude by combining the 
contribution of different stator phases to produce the resulting stator flux. 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. 2 The interaction between the rotating stator flux, and the rotor flux produces a torque 
which will cause the motor to rotate. 
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Field Oriented Control  
  



Introduction 
 
In order to achieve better dynamic performance, a more complex control scheme needs to be applied, 
to control the PM motor. With the mathematical processing power offered by the microcontrollers, we 
can implement advanced control strategies, which use mathematical transformations in order to 
decouple the torque generation and the magnetization functions in PM motors. Such de-coupled torque 
and magnetization control is commonly called rotor flux oriented control, or simply Field Oriented 
Control (FOC). 
 



The main philosophy behind the FOC 
 



In order to understand the spirit of the Field Oriented Control technique, let us start with an overview of 
the separately excited direct current (DC) Motor. In this type of motor, the excitation for the stator and 
rotor is independently controlled. Electrical study of the DC motor shows that the produced torque 
and the flux can be independently tuned. The strength of the field excitation (i.e. the magnitude of 
the field excitation current) sets the value of the flux. The current through the rotor windings determines 
how much torque is produced. The commutator on the rotor plays an interesting part in the torque 
production. The commutator is in contact with the brushes, and the mechanical construction is designed 
to switch into the circuit the windings that are mechanically aligned to produce the maximum torque. 
This arrangement then means that the torque production of the machine is fairly near optimal all the 
time. The key point here is that the windings are managed to keep the flux produced by the rotor 
windings orthogonal to the stator field. 
 



 
 
AC machines do not have the same key features as the DC motor. In both cases we have only one 
source that can be controlled which is the stator currents. On the synchronous machine, the rotor 
excitation is given by the permanent magnets mounted onto the shaft. On the synchronous motor, the 
only source of power and magnetic field is the stator phase voltage. Obviously, as opposed to the DC 
motor, flux and torque depend on each other. 
 
The goal of the FOC (also called vector control) on synchronous and asynchronous machine is to be 
able to separately control the torque producing and magnetizing flux components. The control 
technique goal is to (in a sense), imitate the DC motor’s operation. FOC control will allow us to 
decouple the torque and the magnetizing flux components of stator current. With decoupled control of 
the magnetization, the torque producing component of the stator flux can now be thought of as 
independent torque control.  To decouple the torque and flux, it is necessary to engage several 
mathematical transforms, and this is where the microcontrollers add the most value. The processing 
capability provided by the microcontrollers enables these mathematical transformations to be carried 
out very quickly. This in turn implies that the entire algorithm controlling the motor can be executed at a 
fast rate, enabling higher dynamic performance. In addition to the decoupling, a dynamic model of the 
motor is now used for the computation of many quantities such as rotor flux angle and rotor speed. This 
means that their effect is accounted for, and the overall quality of control is better. 



Fig 3. Separated excitation DC motor model, flux and torque are independently controlled 
and the current through the rotor windings determines how much torque is produced. 



)(
..



..



e



em



If
KE



IKT



=Φ
ΩΦ=
Φ=



Inductor (field 
excitation) 



Armature Circuit 











 6 



According to the electromagnetic laws, the torque produced in the synchronous machine is equal to 
vector cross product of the two existing magnetic fields: 
 



rotorstatorem BBT




×=  
 
This expression shows that the torque is maximum if stator and rotor magnetic fields are orthogonal 
meaning if we are to maintain the load at 90 degrees. If we are able to ensure this condition all the time, 
if we are able to orient the flux correctly, we reduce the torque ripple and we ensure a better dynamic 
response. However, the constraint is to know the rotor position: this can be achieved with a position 
sensor such as incremental encoder. For low-cost application where the rotor is not accessible, 
different rotor position observer strategies are applied to get rid of position sensor.  
 
In brief, the goal is to maintain the rotor and stator flux in quadrature: the goal is to align the stator flux 
with the q axis of the rotor flux, i.e. orthogonal to the rotor flux. To do this the stator current component 
in quadrature with the rotor flux is controlled to generate the commanded torque, and the direct 
component is set to zero. The direct component of the stator current can be used in some cases for 
field weakening, which has the effect of opposing the rotor flux, and reducing the back-emf, which 
allows for operation at higher speeds. 
 
 Technical Background 
 
The Field Orientated Control consists of controlling the stator currents represented by a vector. This 
control is based on projections which transform a three phase time and speed dependent system into a 
two co-ordinate (d and q co-ordinates) time invariant system. These projections lead to a structure 
similar to that of a DC machine control. Field orientated controlled machines need two constants as 
input references: the torque component (aligned with the q co-ordinate) and the flux component 
(aligned with d co-ordinate). As Field Orientated Control is simply based on projections the control 
structure handles instantaneous electrical quantities. This makes the control accurate in every working 
operation (steady state and transient) and independent of the limited bandwidth mathematical model. 
The FOC thus solves the classic scheme problems, in the following ways: 
 



 The ease of reaching constant reference (torque component and flux component of the stator current) 



 The ease of applying direct torque control because in the (d,q) reference frame the expression of the 
torque is: 



SqR im ψ∝  



By maintaining the amplitude of the rotor flux ( Rψ ) at a fixed value we have a linear relationship 
between torque and torque component (iSq). We can then control the torque by controlling the torque 
component of stator current vector. 
 



Space Vector Definition and Projection 
 
The three-phase voltages, currents and fluxes of AC-motors can be analyzed in terms of complex 
space vectors. With regard to the currents, the space vector can be defined as follows. Assuming that 
ia, ib, ic are the instantaneous currents in the stator phases, then the complex stator current vector si  is 
defined by: 
 



cbas iiii 2αα ++=  
 



where 
π
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e= , represent the spatial operators. The following diagram shows the stator 



current complex space vector: 
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Fig.4 Stator current space vector and its component in (a,b,c) 



 
where (a,b,c) are the three phase system axes. This current space vector depicts the three phase 
sinusoidal system. It still needs to be transformed into a two time invariant co-ordinate system. This 
transformation can be split into two steps: 
 
 (a,b,c) ),( βα⇒ (the Clarke transformation) which outputs a two co-ordinate time variant system 
 ⇒),( βα  (d,q) (the Park transformation) which outputs a two co-ordinate time invariant system 
 



The (a,b,c) ),( βα⇒  Projection (Clarke transformation) 
 
The space vector can be reported in another reference frame with only two orthogonal axis called ),( βα . 
Assuming that the axis a and the axis α are in the same direction we have the following vector diagram: 
 



 
Fig.5 Stator current space vector and its components in the stationary reference frame 



 
The projection that modifies the three phase system into the ),( βα two dimension orthogonal system is 
presented below. 
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The two phase ),( βα currents are still depends on time and speed. 
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 The ⇒),( βα  (d,q) Projection (Park Transformation) 
 
This is the most important transformation in the FOC. In fact, this projection modifies a two phase 
orthogonal system ),( βα  in the d,q rotating reference frame. If we consider the d axis aligned with the 
rotor flux, the next diagram shows, for the current vector, the relationship from the two reference frame:  
 



 
Fig.6 Stator current space vector and its component in ),( βα and in the d,q 



rotating reference frame 
 
where θ is the rotor flux position. The flux and torque components of the current vector are determined 
by the following equations: 
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These components depend on the current vector ),( βα components and on the rotor flux position; if we 
know the right rotor flux position then, by this projection, the d,q component becomes a constant. Two 
phase currents now turn into dc quantity (time-invariant). At this point the torque control becomes easier 
where constant isd (flux component) and isq (torque component) current components controlled 
independently.  
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Fig7 Basic scheme of FOC for AC motor 
 



The Basic Scheme for the FOC 
 
The following diagram summarizes the basic scheme of torque control with FOC: 
 
 



 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Two motor phase currents are measured. These measurements feed the Clarke transformation module. 
The outputs of this projection are designated isα and isβ. These two components of the current are the 
inputs of the Park transformation that gives the current in the d,q rotating reference frame. The isd and 
isq components are compared to the references isdref (the flux reference) and isqref (the torque reference). 
At this point, this control structure shows an interesting advantage: it can be used to control either 
synchronous or HVPM machines by simply changing the flux reference and obtaining rotor flux position. 
As in synchronous permanent magnet a motor, the rotor flux is fixed determined by the magnets; there 
is no need to create one. Hence, when controlling a PMSM, isdref should be set to zero. As HVPM 
motors need a rotor flux creation in order to operate, the flux reference must not be zero. This 
conveniently solves one of the major drawbacks of the “classic” control structures: the portability from 
asynchronous to synchronous drives. The torque command isqref could be the output of the speed 
regulator when we use a speed FOC. The outputs of the current regulators are Vsdref and Vsqref; they are 
applied to the inverse Park transformation. The outputs of this projection are Vsαref and Vsβref which are 
the components of the stator vector voltage in the ),( βα stationary orthogonal reference frame. These 
are the inputs of the Space Vector PWM. The outputs of this block are the signals that drive the 
inverter. Note that both Park and inverse Park transformations need the rotor flux position. Obtaining 
this rotor flux position depends on the AC machine type (synchronous or asynchronous machine). Rotor 
flux position considerations are made in a following paragraph. 
 



Rotor Flux Position 
 



Knowledge of the rotor flux position is the core of the FOC. In fact if there is an error in this variable the 
rotor flux is not aligned with d-axis and isd and isq are incorrect flux and torque components of the stator 
current. The following diagram shows the (a,b,c), ),( βα  and (d,q) reference frames, and the correct 
position of the rotor flux, the stator current and stator voltage space vector that rotates with d,q 
reference at synchronous speed. 











 10 



Fig.9  Overall block diagram of sensored field  oriented control 



 
Fig.8 Current, voltage and rotor flux space vectors in the d,q rotating reference frame and their 



relationship with a,b,c and ),( βα  stationary reference frame 
 
The measure of the rotor flux position is different if we consider synchronous or asynchronous motors:  



 In the synchronous machine the rotor speed is equal to the rotor flux speed. Then θ (rotor flux 
position) is directly measured by position sensor or by integration of rotor speed. 



 In the asynchronous machine the rotor speed is not equal to the rotor flux speed (there is a slip 
speed), then it needs a particular method to calculate θ. The basic method is the use of the current 
model which needs two equations of the motor model in d,q reference frame. 



 
Theoretically, the field oriented control for the PMSM drive allows the motor torque be controlled 
independently with the flux like DC motor operation. In other words, the torque and flux are decoupled 
from each other. The rotor position is required for variable transformation from stationary reference 
frame to synchronously rotating reference frame. As a result of this transformation (so called Park 
transformation), q-axis current will be controlling torque while d-axis current is forced to zero. Therefore, 
the key module of this system is the information of rotor position from QEP encoder. The overall block 
diagram of this project is depicted in Fig. 9. 
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Benefits of 32-bit C2000 Controllers for Digital Motor Control (DMC) 
 
C2000 family of devices posses the desired computation power to execute complex control algorithms 
along with the right mix of peripherals to interface with the various components of the DMC hardware 
like the ADC, ePWM, QEP, eCAP etc. These peripherals have all the necessary hooks for 
implementing systems which meet safety requirements, like the trip zones for PWMs and comparators. 
Along with this the C2000 ecosystem of software (libraries and application software) and hardware 
(application kits) help in reducing the time and effort needed to develop a Digital Motor Control solution. 
The DMC Library provides configurable blocks that can be reused to implement new control strategies. 
IQMath Library enables easy migration from floating point algorithms to fixed point thus accelerating the 
development cycle. 
 
Thus, with C2000 family of devices it is easy and quick to implement complex control algorithms 
(sensored and sensorless) for motor control. The use of C2000 devices and advanced control schemes 
provides the following system improvements  



 Favors system cost reduction by an efficient control in all speed range implying right dimensioning of 
power device circuits 



 Use of advanced control algorithms it is possible to reduce torque ripple, thus resulting in lower 
vibration and longer life time of the motor 



 Advanced control algorithms reduce harmonics generated by the inverter thus reducing filter cost.  



 Use of sensorless algorithms eliminates the need for speed or position sensor.  



 Decreases the number of look-up tables which reduces the amount of memory required 



 The Real-time generation of smooth near-optimal reference profiles and move trajectories, results in 
better-performance 



 Generation of high resolution PWM’s is possible with the use of ePWM peripheral for controlling the 
power switching inverters 



 Provides single chip control system 



For advanced controls, C2000 controllers can also perform the following: 



 Enables control of multi-variable and complex systems using modern intelligent methods such as 
neural networks and fuzzy logic. 



 Performs adaptive control. C2000 controllers have the speed capabilities to concurrently monitor the 
system and control it. A dynamic control algorithm adapts itself in real time to variations in system 
behaviour. 



 Performs parameter identification for sensorless control algorithms, self commissioning, online 
parameter estimation update. 



 Performs advanced torque ripple and acoustic noise reduction. 



 Provides diagnostic monitoring with spectrum analysis. By observing the frequency spectrum of 
mechanical vibrations, failure modes can be predicted in early stages. 



 Produces sharp-cut-off notch filters that eliminate narrow-band mechanical resonance. Notch filters 
remove energy that would otherwise excite resonant modes and possibly make the system unstable. 
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TI Literature and Digital Motor Control (DMC) Library 
 
 
The Digital Motor Control (DMC) library is composed of functions represented as blocks. These blocks 
are categorized as Transforms & Estimators (Clarke, Park, Sliding Mode Observer, Phase Voltage 
Calculation, and Resolver, Flux, and Speed Calculators and Estimators), Control (Signal Generation, 
PID, BEMF Commutation, Space Vector Generation), and Peripheral Drivers (PWM abstraction for 
multiple topologies and techniques, ADC drivers, and motor sensor interfaces). Each block is a modular 
software macro is separately documented with source code, use, and technical theory. Check the 
folders below for the source codes and explanations of macro blocks: 
 
 C:\TI\controlSUITE\libs\app_libs\motor_control\math_blocks\v4.0 
 C:\TI\controlSUITE\libs\app_libs\motor_control\drivers\f2803x_v2.0 
 
These modules allow users to quickly build, or customize, their own systems. The Library supports the 
three motor types: ACI, BLDC, PMSM, and comprises both peripheral dependent (software drivers) and 
target dependent modules. 
 
The DMC Library components have been used by TI to provide system examples. At initialization all 
DMC Library variables are defined and inter-connected.  At run-time the macro functions are called in 
order.  Each system is built using an incremental build approach, which allows some sections of the 
code to be built at a time, so that the developer can verify each section of their application one step at a 
time. This is critical in real-time control applications where so many different variables can affect the 
system and many different motor parameters need to be tuned. 
 
Note:  TI DMC modules are written in form of macros for optimization purposes (refer to application 
note SPRAAK2 for more details at TI website). The macros are defined in the header files. The user 
can open the respective header file and change the macro definition, if needed. In the macro 
definitions, there should be a backslash ”\” at the end of each line as shown below which means that 
the code continue in the next line. Any character including invisible ones like “space” after the 
backslash will cause compilation error. Therefore, make sure that the backslash is the last character in 
the line. In terms of code development, the macros are almost identical to C function, and the user can 
easily convert the macro definition to a C functions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



#define PARK_MACRO(v)       \ 
          \ 



v.Ds = _IQmpy(v.Alpha,v.Cosine) + _IQmpy(v.Beta,v.Sine); \ 
v.Qs = _IQmpy(v.Beta,v.Cosine)  - _IQmpy(v.Alpha,v.Sine); 



A typical DMC macro definition 
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System Overview 
 
This document describes the “C” real-time control framework used to demonstrate the sensored field 
oriented control of HVPM motors. The “C” framework is designed to run on TMS320C2803x based 
controllers on Code Composer Studio. The framework uses the following modules1: 
 
Macro Names Explanation 
CLARKE  Clarke Transformation 
PARK / IPARK Park and Inverse Park Transformation 
PI PI Regulators 
RC Ramp Controller (slew rate limiter) 
RG Ramp / Sawtooth Generator 
QEP  QEP Drive 
SPEED_FR Speed Measurement (based on sensor signal frequency) 
SVGEN Space Vector PWM with Quadrature Control (includes IClarke Trans.) 
PWM / PWMDAC PWM and PWMDAC Drives 
1 Please refer to pdf documents in motor control folder explaining the details and theoretical background of each macro 
 
In this system, the sensored Field Oriented Control (FOC) of Permanent Magnet Synchronous 
Motor (PMSM) will be experimented with and will explore the performance of speed control. The PM 
motor is driven by a conventional voltage-source inverter. The TMS320x2803x control card is used to 
generate three pulse width modulation (PWM) signals. The motor is driven by an integrated power 
module by means of space vector PWM technique. Two phase currents of PM motor (ia and ib) are 
measured from the inverter and sent to the TMS320x2803x via two analog-to-digital converters (ADCs). 
In addition, the DC-bus voltage in the inverter is measured and sent to the TMS320x2803x via an ADC. 
This DC-bus voltage is necessary to calculate the three phase voltages when the switching functions 
are known. 
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HVPM_Sensored project has the following properties: 
 
 



C Framework 



System Name Program Memory Usage 
2803x 



Data Memory Usage1 



2803x 
HVPM_Sensored 3795 words2 1252 words 



 
1 Excluding the stack size  
2 Excluding “IQmath” Look-up Tables 
 
 
 
 
 
 
 
 
 
 
 
* At 10 kHz ISR frequency. Debug macros excluded (i.e. PWMDAC, Datalog and RG). IQSin/Cos tables used. 
 
 
 
 
 



System Features 
Development /Emulation Code Composer Studio V4.0(or above) with Real Time debugging 
Target Controller TMS320F2803x 
PWM Frequency 10kHz PWM (Default), 60kHz PWMDAC  
PWM Mode Symmetrical with a programmable dead band 
Interrupts ADC, end of conversion – Implements 10 kHz ISR execution rate 
Peripherals Used PWM 1 / 2 / 3 for motor control  



PWM 6A, 6B, 7A & 7B for DAC outputs 
QEP1 A,B, I  or CAP1  
ADC A7 for DC Bus voltage sensing,  A1 & B1 for phase current sensing 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CPU Utilization – PMSM Sensored 
Total Number of Cycles 725* 
CPU Utilization @ 60 Mhz 12.1% 
CPU Utilization @ 40 Mhz 18.1% 
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The overall system implementing a 3-ph HVPM motor control is depicted in Fig.10. The HVPM motor is 
driven by the conventional voltage-source inverter. The TMS320F2803x is being used to generate the 
six pulse width modulation (PWM) signals using a space vector PWM technique, for six power switching 
devices in the inverter. Two input currents of the HVPM motor (ia and ib) are measured from the 
inverter and they are sent to the TMS320F2803x via two analog-to-digital converters (ADCs). In 
addition, the DC-bus voltage in the inverter is measured and sent to the TMS320F2803x via an ADC as 
well. This DC-bus voltage is necessary in order to calculate three phase voltages of HVPM motor when 
the switching functions are known. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig 10 A 3-ph PM motor drive implementation 
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The software flow is described in the Figure 11 below.  
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1 Since the motor is rated at 200V, the motor can run only at a certain speed and torque range properly without saturating the 
PID regulators in the control loop when the DC bus is fed from 110V AC entry. As an option, the user can run the PFC on HV 
DMC drive platform as boost converter to increase the DC bus voltage level or directly connect a DC power supply. 



 
Hardware Configuration (HVDMC Kit R1.1) 
 
Please refer to the HVMotorCtrl+PFC How to Run Guide found: 
 



C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs  
 
for an overview of the kit’s hardware and steps on how to setup this kit. Some of the hardware setup 
instructions are captured below for quick reference 
 



HW Setup Instructions 



1. Open the Lid of the HV Kit  



2. Install the Jumpers [Main]-J3, J4 and J5, J9 for 3.3V, 5V and 15V power rails and JTAG reset line. 



3. Unpack the DIMM style controlCARD and place it in the connector slot of [Main]-J1. Push vertically 
down using even pressure from both ends of the card until the clips snap and lock. (to remove the 
card simply spread open the retaining clip with thumbs) 



4. Connect a USB cable to connector [M3]-JP1. This will enable isolated JTAG emulation to the      
C2000 device. [M3]-LD1 should turn on. Make sure [M3]-J5 is not populated. If the included Code 
Composer Studio is installed, the drivers for the onboard JTAG emulation will automatically be 
installed. If a windows installation window appears try to automatically install drivers from those 
already on your computer. The emulation drivers are found at 
http://www.ftdichip.com/Drivers/D2XX.htm. The correct driver is the one listed to support the 
FT2232.  



5. If a third party JTAG emulator is used, connect the JTAG header to [M3]-J2 and additionally [M3]-
J5 needs to be populated to put the onboard JTAG chip in reset.  



6. Ensure that [M6]-SW1 is in the “Off” position. Connect 15V DC power supply to [M6]-JP1. 



7. Turn on [M6]-SW1. Now [M6]-LD1 should turn on. Notice the control card LED would light up as 
well indicating the control card is receiving power from the board. 



8. Note that the motor should be connected to the [M5]-TB3 terminals after you finish with the first 
incremental build step. 



9. Note the DC Bus power should only be applied during incremental build levels when instructed to 
do so. The two options to get DC Bus power are discussed below, 



(i)  To use DC power supply, set the power supply output to zero and connect [Main]-BS5 and BS6 to 
DC    power supply and ground respectively. 



(ii) To use AC Mains Power, Connect [Main]-BS1 and BS5 to each other using banana plug cord. Now 
connect one end of the AC power cord to [Main]-P1. The other end needs to be connected to output 
of a variac. Make sure that the variac output is set to zero and it is connected to the wall supply 
through an isolator. 
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For reference the pictures below show the jumper and connectors that need to be connected for this 
lab.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
  



    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 
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Fig. 12 Using AC Power to generate DC Bus Power 
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    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 
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Fig. 13 Using External DC power supply to generate DC-Bus for the inverter 
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Software Setup Instructions to Run HVPM_Sensored Project  



Please refer to the “Software Setup for HVMotorCtrl+PFC Kit Projects” section in the HVMotorCtrl+PFC 
Kit How to Run Guide which can be found at   
 
C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs 
 
Select the HVPM_Sensored as the active project. Select the active build configuration to be set as 
F2803x_RAM. Verify that the build level is set to 1, and then right click on the project name and select 
“Rebuild Project”. Once build completes, launch a debug session to load the code into the controller. 
Now open a watch window and add the critical variables as shown in the table below and select the 
appropriate Q format for them. 
 
 



 
Table 1 Watch Window Variables 



 
Setup time graph windows by importing Graph1.graphProp and Graph2.graphProp from the following 
location C:\TI\ControlSUITE\developement_kits\HVMotorCtrl+PfcKit_v2.0\HVPM_sensored\ . Click on 
Continuous Refresh button      on the top left corner of the graph tab to enable periodic capture of data 
from the microcontroller. 
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Incremental System Build 



The system is gradually built up in order for the final system can be confidently operated. Four phases 
of the incremental system build are designed to verify the major software modules used in the system. 
Table 1 summarizes the modules testing and using in each incremental system build. 
 
 



Software Module Phase 1 Phase 2 Phase 3 Phase 4 
PWMDAC_MACRO √ √ √ √ 
RC_MACRO √ √ √ √ 
RG_MACRO √ √ √ √ 
IPARK_MACRO √√ √ √ √ 
SVGEN_MACRO √√ √ √ √ 
PWM_MACRO √√ √ √ √ 
CLARKE_MACRO  √√ √ √ 
PARK_MACRO  √√ √ √ 
QEP_MACRO   √√ √ 
SPEED_FR_MACRO   √√ √ 
PI_MACRO (IQ)   √√ √ 
PI_MACRO (ID)   √√ √ 
PI_MACRO (SPD)    √√ 
Note: the symbol √ means this module is using and the symbol √√ means this module is testing in this phase. 



 
Table 2 Testing modules in each incremental system build 
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Level 1 Incremental Build  



At this step keep the motor disconnected. Assuming the load and build steps described in the 
“HVMotorCtrl+PFC Kit How To Run Guide” completed successfully, this section describes the steps for 
a “minimum” system check-out which confirms operation of system interrupt, the peripheral & target 
independent I_PARK_MACRO (inverse park transformation) and SVGEN_MACRO (space vector 
generator) modules and the peripheral dependent PWM_MACRO (PWM initializations and update) 
modules. Open HVPM_Sensored-Settings.h and select level 1 incremental build option by setting the 
BUILDLEVEL to LEVEL1 (#define   BUILDLEVEL LEVEL1). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable real 
time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be 
incrementally increased as seen in watch windows to confirm the interrupt working properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 VdTesting (Q24): for changing the d-qxis voltage in per-unit. 
 VqTesting (Q24): for changing the q-axis voltage in per-unit. 
 
Level 1A (SVGEN_MACRO Test) 
 
The SpeedRef value is specified to the RG_MACRO module via RC_MACRO module. The 
IPARK_MACRO module is generating the outputs to the SVGEN_MACRO module. Three outputs from 
SVGEN_MACRO module are monitored via the graph window as shown in Fig. 14 where Ta, Tb, and 
Tc waveform are 120o apart from each other. Specifically, Tb lags Ta by 120o and Tc leads Ta by 120o. 
Check the PWM test points on the board to observe PWM pulses (PWM-1H to 3H and PWM-1L to 3L) 
and make sure that the PWM module is running properly.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig 14 Output of SVGEN, Ta, Tb, Tc and Tb-Tc waveforms 
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Level 1B (testing The PWMDAC Macro) 
 
To monitor internal signal values in real time PWM DACs are very useful tools. Present on the HV DMC 
board are PWM DAC’s which use an external low pass filter to generate the waveforms ([Main]-J14, 
DAC-1 to 4). A simple 1st–order low-pass filter RC circuit is placed on the board to filter out the high 
frequency components. The selection of R and C value (or the time constant, τ) is based on the cut-off 
frequency (fc), for this type of filter the relation is as follows: 



cf
RC



π
τ



2
1



==  



For example, R=1.8kΩ and C=100nF, it gives fc = 884.2 Hz. This cut-off frequency has to be below the 
PWM frequency. Using the formula above, one can customize low pass filters used for signal being 
monitored. The DAC circuit low pass filters ([Main]-R10 to13 & [Main]-C15 to18) is shipped with 2.2kΩ 
and 220nF on the board. Refer to application note SPRAA88A for more details at TI website. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Level 1C (PWM_MACRO and INVERTER Test) 
 



After verifying SVGEN_MACRO module in Level 1a, the PWM_MACRO software module and the 3-
phase inverter hardware are tested by looking at the low pass filter outputs. For this purpose, if using the 
external DC power supply gradually increase the DC bus voltage and check the Vfb-U, V and W test 
points using an oscilloscope or if using AC power entry slowly change the variac to generate the DC bus 
voltage. Once the DC Bus voltage is greater than 15 to 20V you would start observing the Inverter phase 
voltage dividers and waveform monitoring filters (Vfb-U, Vfb-V, Vfb-W) enable the generation of the 
waveform and ensures theta the inverter is working appropriately. Note that the default RC values are 
optimized for AC motor state observers employing phase voltages.  
   
 



After verifying this, reduce the DC Bus voltage, take the controller out of real time mode 
(disable), reset the processor      (see “HVMotorCtrl+PFC Kit How To Run Guide” for details). 
Note that after each test, this step needs to be repeated for safety purposes. Also note that 
improper shutdown might halt the PWMs at some certain states where high currents can be 



drawn, hence caution needs to be taken while doing be taken while doing these experiments. 



Fig.15 DAC 1-4 outputs showing Ta, Tb, Tc and Tb-Tc 
waveforms 
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Level 2 Incremental Build  
 
Assuming section BUILD 1 is completed successfully, this section verifies the analog-to-digital 
conversion, Clarke / Park transformations. Now the motor can be connected to HVDMC board since the 
PWM signals are successfully proven through level 1 incremental build. Note that the open loop 
experiments are meant to test the ADCs, inverter stage, sw modules etc. Therefore running motor 
under load or at various operating points is not recommended. 
 
Open HVPM_Sensored-Settings.h and select level 2 incremental build option by setting the 
BUILDLEVEL to LEVEL2 (#define   BUILDLEVEL LEVEL2). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable real 
time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be 
incrementally increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 VdTesting(Q24): for changing the d-qxis voltage in per-unit. 
 VqTesting(Q24): for changing the q-axis voltage in per-unit. 
 
During the open loop tests, VqTesting, SpeedRef and DC Bus voltages should be adjusted carefully for 
PM motors so that the generated Bemf is lower than the average voltage applied to motor winding. This 
will prevent the motor from stalling or vibrating. 
 
Phase 2A – Testing the Clarke module 
 
In this part the Clarke module will be tested. The three measured line currents are transformed to two 
phase dq currents in a stationary reference frame. The outputs of this module can be checked from 
graph window.  



 The clark1.Alpha waveform should be same as the clark1.As waveform. 



 The clark1.Alpha waveform should be leading the clark1.Beta waveform by 90o at the same 
magnitude. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*    Deadband = 0.83 usec,   Vdcbus=300V , dlog.prescalar=3 
 



Fig 16 The waveforms of Svgen_dq1.Ta, rg1.Out, and phase A&B currents* 
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Note that the open loop experiments are meant to test the ADCs, inverter stage, sw modules etc. 
Therefore running motor under load or at various operating points is not recommended. 
 
Since the low side current measurement technique is used employing shunt resistors on inverter phase 
legs, the phase current waveforms observed from current test points ([M5]-Ifb-U, and [M5]-Ifb-V) are 
composed of pulses as shown in Fig 17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Level 2B – Adjusting PI Limits 
 
Note that the vectorial sum of d-q PI outputs should be less than 1.0 which refers to maximum duty 
cycle for SVGEN macro. Another duty cycle limiting factor is the current sense through shunt resistors 
which depends on hardware/software implementation. Depending on the application requirements 3, 2 
or a single shunt resistor can be used for current waveform reconstruction. The higher number of shunt 
resistors allow higher duty cycle operation and better dc bus utilization.  
 
Run the system with default VdTesting, VqTesting and SpeedRef and gradually increase VdTesting and 
VqTesting values. Meanwhile, watch the current waveforms in the graph window. Keep increasing until 
you notice distorted current waveforms and write down the maximum allowed VdTesting and VqTesting 
values. Make sure that these values are consistent with expected d-q current component maximums 
while running the motor. After this build level, PI outputs will automatically generate the voltage 
reference and determine the PWM duty cycle depending on the d-q current demand, therefore set 
pi_id.Umax/min and pi_iq.Umax/min according to recorded VdTesting and VqTesting values 
respectively. 
 
Running motor without proper PI limits can yield distorted current waveforms and unstable 
closed loop operations which may damage the hardware.  
 
Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset.  
   
 



Fig.17 Amplified Phase A current 
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Level 2 verifies the analog-to-digital conversion, offset compensation, clarke / park transformations.
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Level 3 Incremental Build 
 
Assuming the previous section is completed successfully, this section verifies the dq-axis current 
regulation performed by PI modules and speed measurement modules. To confirm the operation of 
current regulation, the gains of these two PI controllers are necessarily tuned for proper operation. 
 
Open HVPM_Sensored-Settings.h and select level 3 incremental build option by setting the 
BUILDLEVEL to LEVEL3 (#define   BUILDLEVEL LEVEL3). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable 
real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” 
will be incrementally increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 IdRef(Q24): for changing the d-qxis voltage in per-unit. 
 IqRef(Q24): for changing the q-axis voltage in per-unit. 
 
In this build, the motor is supplied by AC input voltage and the PM motor current is dynamically 
regulated by using PI module through the park transformation on the motor currents. 
 
The steps are explained as follows: 



 Compile/load/run program with real time mode. 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different), Idref to zero and 
Iqref to 0.05 pu (or another suitable value). 



 Gradually increase voltage at variac / dc power supply to get an appropriate DC-bus voltage. 



 Check pi_id.Fdb in the watch windows with continuous refresh feature whether or not it should be 
keeping track pi_id.Ref for PI module. If not, adjust its PI gains properly. 



 Check pi_iq.Fdb in the watch windows with continuous refresh feature whether or not it should be 
keeping track pi_iq.Ref for PI module. If not, adjust its PI gains properly. 



 To confirm these two PI modules, try different values of pi_id.Ref and pi_iq.Ref or SpeedRef. 



 For both PI controllers, the proportional, integral, derivative and integral correction gains may be re-
tuned to have the satisfied responses. 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, 
taking the controller out of realtime mode and reset. Now the motor is stopping. 
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During running this build, the current waveforms in the CCS graphs should appear as follows*: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*    Deadband = 0.83 usec,   Vdcbus=300V, dlog.trig_value=100 
 
 
Level 3B – QEP / SPEED_FR test  
 
This section verifies the QEP1 driver and its speed calculation. Qep drive macro determines the rotor 
position and generates a direction (of rotation) signal from the shaft position encoder pulses. Make 
sure that the output of the incremental encoder is connected to [Main]-H1 and QEP/SPEED_FR 
macros are initialized properly in the HVPM_Sensored.c file depending on the features of the speed 
sensor. Refer to the pdf files regarding the details of related macros in motor control folder 
(C:\TI\controlSUITE\libs\app_libs\motor_control). The steps to verify these two software modules 
related to the speed measurement can be described as follows: 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different). 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power 
supply to get the appropriate DC-bus voltage.  



 Add the soft-switch variable “lsw” to the watch window in order to switch from current loop 
to speed loop. In the code lsw manages  the loop setting as follows: 



- lsw=0, lock the rotor of the motor. 
- lsw=1, close the current loop. 



 Set lsw to 1.Now the motor is running close to reference speed.Check the “speed1.Speed” in the 
watch windows with continuous refresh feature whether or not the measured speed is around the 
speed reference. 



 To confirm these modules, try different values of SpeedRef to test the speed. 



Fig.18 Measured theta, rg1.out and Phase A & B current waveforms. 
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 Use oscilloscope to view the electrical angle output, ElecTheta, from QEP_MACRO module and the 
emulated rotor angle, rg1.Out, from RG_MACRO at PWMDAC outputs with external low-pass 
filters. 



 Check that both qep1.ElecTheta and rg1.Out are of saw-tooth wave shape and have the same 
period. If the measured angle is in opposite direction, then change the order of motor cables 
connected to inverter output (TB3 for HVDMC kit). 



 Check from Watch Window that qep1.IndexSyncFlag is set back to 0xF0 every time it reset to 0 by 
hand. Add the variable to the watch window if it is not already in the watch window. 



 Qep1.ElecTheta should be slightly lagging rg1.out, if the calibration angle needs to be adjusted due 
to the angle offset between index and locked rotor position. 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, 
taking the controller out of realtime mode and reset.  



Next, the following steps are to verify and or perform calibration angle of the encoder. The steps are 
as follows: 



 Make sure EQep1Regs.QPOSCNT, EQep1Regs.QPOSILAT, Init_IFlag, qep1.CalibratedAngle, and 
lsw are displayed in watch window. 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different). 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power 
supply to get the appropriate DC-bus voltage.  



 Now the rotor should be locked. Set lsw to 1 to spin the motor. When the first index signal is 
detected by QEP, the EQep1Regs.QPOSILAT register latches the angle offset in between initial 
rotor position and encoder index in the code. Later, EQep1Regs.QPOSILAT is set to maximum of 
EQep1Regs.QPOSCNT as it latches the counter value for each index signal. In the code 
qep1.CalibratedAngle keeps the initial offset value. This value can be recorded to initialize 
qep1.CalibratedAngle at the initialization section in HVPM_Sensored.c or it can be detected in the 
code each time the motor is restarted. The calibration angle might be different for different start-ups 
and can be formulated as follows: 



Calibration Angle = Offset Angle ± n . Line Encoder  



 In the next section fine tune the detected calibration angle until minimum power is drawn under 
certain speed-load conditions for precise field orientation. 
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 Level 3 verifies the dq-axis current regulation performed by PI modules and speed measurement modules
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Level 4 Incremental Build 



Assuming the previous section is completed successfully; this section verifies the speed PI module and 
speed loop. 
 
Open HVPM_Sensored-Settings.h and select level 4 incremental build option by setting the BUILDLEVEL 
to LEVEL4 (#define   BUILDLEVEL LEVEL4). Now Right Click on the project name and click Rebuild 
Project. Once the build is complete click on debug button, reset CPU, restart, enable real time mode and 
run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be incrementally 
increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 IdRef (Q24): for changing the d-qxis voltage in per-unit. 
 IqRef (Q24): for changing the q-axis voltage in per-unit. 
 
The key steps can be explained as follows: 



 Set Compile/load/run program with real time mode. 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different). 



 Gradually increase voltage at variac to get an appropriate DC-bus voltage and now the motor is running 
with this reference speed (0.3 pu). 



 Add the soft-switch variable “lsw” to the watch window in order to switch from current loop to 
speed loop. In the code lsw manages  the loop setting as follows: 



- lsw=0, lock the rotor of the motor. 
- lsw=1, close the current loop  
- lsw=2, close the speed loop (sensored FOC). 



 Set lsw to 1.Compare Speed with SpeedRef in the watch windows with continuous refresh feature 
whether or not it should be nearly the same. 



 To confirm this speed PI module, close the speed loop by setting lsw to 2 and try different values of 
SpeedRef (positive or negative).For speed PI controller, the proportional, integral, derivative and 
integral correction gains may be re-tuned to have the satisfied responses. 



 At very low speed range, the performance of speed response relies heavily on the good rotor position 
angle provided by QEP encoder.  



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset. Now the motor is stopping. 



 



LEVEL 4B 



 Once the tuning process is completed, the motor can directly startup with closed speed loop as shown 
in the second block diagram (4B). During the direct startup, use the calibration angle detected in the 
previous level as initial value of qep1. CalibratedAngle and by-pass the calibration angle detection.  
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During running this build, the current waveforms in the CCS graphs should appear as follows* : 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*    Deadband = 0.83 usec,   dlog.trig_value=100,    Vdcbus=300V  
 
 
 
 
 
 



Fig20 Measured theta, svgen duty cycle, and Phase A&B current waveforms under 0.33pu load & 0.3 pu 
speed 



Fig19 Measured theta, svgen duty cycle, and Phase A&B current waveforms under no-load & 0.3 pu 
speed 
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Fig21 Flux and torque components of the stator current in the synchronous reference frame under  
0.33pu step- load and 0.3 pu speed monitored from PWMDAC output 
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 Level 4 verifies the speed PI module and speed loop
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Level 4B - Incremental System Build Block Diagram



 Level 4 verifies the speed PI module and speed loop
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Abstract 
 
This application note presents a solution for sensorless control of Brushless DC motors using the 
TMS320F2803x microcontrollers. TMS320F280x devices are part of the family of C2000 microcontrollers 
which enable cost-effective design of intelligent controllers for three phase motors by reducing the system 
components and increase efficiency. Using these devices, it is possible to realize precise control 
algorithms.  A complete solution proposal is presented below: control structures, power hardware 
topology, control hardware and remarks on energy conversion efficiency can be found in this document.  
 
This application note covers the following:  
 



 A theoretical background on trapezoidal BLDC motor control principle. 
 Incremental build levels based on modular software blocks. 
 Experimental results 
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Introduction 
 
The economic constraints and new standards legislated by governments place increasingly stringent 
requirements on electrical systems. New generations of equipment must have higher performance 
parameters such as better efficiency and reduced electromagnetic interference. System flexibility must be 
high to facilitate market modifications and to reduce development time. All these improvements must be 
achieved while, at the same time, decreasing system cost. 
 
Brushless motor technology makes it possible to achieve these specifications. Such motors combine high 
reliability with high efficiency, and for a lower cost in comparison with brush motors. This paper describes 
the use of a Brushless DC Motor (BLDC). Although the brushless characteristic can be apply to several 
kinds of motors – AC synchronous motors, stepper motors, switched reluctance motors, AC induction 
motors - the BLDC motor is conventionally defined as a permanent magnet synchronous motor with a 
trapezoidal Back EMF waveform shape.  Permanent magnet synchronous machines with trapezoidal 
Back-EMF and (120 electrical degrees wide) rectangular stator currents are widely used as they offer the 
following advantages first, assuming the motor has pure trapezoidal Back EMF and that the stator phases 
commutation process is accurate, the mechanical torque developed by the motor is constant; secondly, 
the Brushless DC drives show a very high mechanical power density. 
 
BLDC Motors  
 
The BLDC motor is an AC synchronous motor with permanent magnets on the rotor (moving part) and 
windings on the stator (fixed part). Permanent magnets create the rotor flux and the energized stator 
windings create electromagnet poles. The rotor (equivalent to a bar magnet) is attracted by the energized 
stator phase. By using the appropriate sequence to supply the stator phases, a rotating field on the stator 
is created and maintained. This action of the rotor - chasing after the electromagnet poles on the stator - 
is the fundamental action used in synchronous permanent magnet motors. The lead between the rotor 
and the rotating field must be controlled to produce torque and this synchronization implies knowledge of 
the rotor position. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On the stator side, three phase motors are the most common. These offer a good compromise between 
precise control and the number of power electronic devices required to control the stator currents. For the 
rotor, a greater number of poles usually create a greater torque for the same level of current. On the other 
hand, by adding more magnets, a point is reached where, because of the space needed between 
magnets, the torque no longer increases. The manufacturing cost also increases with the number of 
poles. As a consequence, the number of poles is a compromise between cost, torque and volume. 
 
 
 



Fig.1 A three-phase synchronous motor with a one permanent magnet pair 
pole rotor 
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Permanent magnet synchronous motors can be classified in many ways, one of these that is of particular 
interest to us is that depending on back-emf profiles: Brushless Direct Current Motor (BLDC) and 
Permanent Magnet Synchronous Motor (PMSM). This terminology defines the shape of the back-emf of 
the synchronous motor. Both BLDC and PMSM motors have permanent magnets on the rotor but differ in 
the flux distributions and back-emf profiles. To get the best performance out of the synchronous motor, it 
is important to identify the type of motor in order to apply the most appropriate type of control as 
described in the next chapters. 
 



Table 1. Comparison of BLDC and PMSM motors 
 



• Both motor types are synchronous machines. The only difference between them is the shape of the 
induced voltage, resulting from two different manners of wiring the stator coils. The back-emf is 
trapezoidal in the BLDC motor case, and sinusoidal in the PMSM motor case. 



 
• BLDC machines can be driven with sinusoidal currents and PMSM with direct currents, but for better 



performance, PMSM motors should be excited by sinusoidal currents and BLDC machines by direct 
currents. 



 
• The control structure (hardware and software) of a sinusoidal motor required several current sensors 



and sinusoidal phase currents were hard to achieve with analog techniques. Therefore many motors 
(sinusoidal like trapezoidal) were driven with direct current for cost and simplicity reasons (low 
resolution position sensors and single low cost current sensor), compromising efficiency and dynamic 
behavior. 



 
• Digital techniques addressed by the C2000 DSP controller make it possible to choose the right control 



technique for each motor type: Processing power is used to extract the best performance from the 
machine and reduce system costs. Possible options are using sensorless techniques to reduce the 
sensor cost, or even eliminate it, and also complex algorithms can help simplify the mechanical drive 
train design, lowering the system cost. 



 
 
 
 
 



Comparison of BLDC and PMSM motors 



BLDC PMSM 



Synchronous machine  Synchronous machine 



Fed with direct currents Fed with sinusoidal currents 



Trapezoidal Bemf Sinusoidal Bemf 



Stator Flux position commutation each 60 degrees Continuous stator flux position variation 



Only two phases ON at the same time Possible to have three phases ON at the same time 



Torque ripple at commutations No torque ripple at commutations 



Low order current harmonics in the audible range Less harmonics due to sinusoidal excitation 



Higher core losses due to harmonic content Lower core loss  



Less switching losses Higher switching losses at the same switching freq. 



Control algorithms are relatively simple Control algorithms are mathematically intensive 
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BLDC Motor Control   
  
The key to effective torque and speed control of a BLDC motor is based on relatively simple torque and 
Back EMF equations, which are similar to those of the DC motor. The Back EMF magnitude can be 
written as: 



 
 



and the torque term as: 
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where N is the number of winding turns per phase, l is the length of the rotor, r is the internal radius of the 
rotor, B is the rotor magnet flux density, w is the motor’s angular velocity, i is the phase current, L is the 
phase inductance, θ is the rotor position, R is the phase resistance.   



 
The first two terms in the torque expression are parasitic reluctance torque components. The third term 
produces mutual torque, which is the torque production mechanism used in the case of BLDC motors. To 
sum up, the Back EMF is directly proportional to the motor speed and the torque production is almost 
directly proportional to the phase current. These factors lead to the following BLDC motor speed control 
schemes: 
 



 
Fig.2 Speed and Current Control Loop Configurations for a BLDC Motor 



 



 
(a) 



 
(b) 



 
(c) 
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The BLDC motor is characterized by a two phase ON operation to control the inverter. In this control 
scheme, torque production follows the principle that current should flow in only two of the three phases at 
a time and that there should be no torque production in the region of Back EMF zero crossings. The 
following figure describes the electrical wave forms in the BLDC motor in the two phases ON operation. 



 
This control structure has several advantages: 
 
•  Only one current at a time needs to be controlled. 
•  Only one current sensor is necessary (or none for speed loop only, as detailed in the next sections). 
•  The positioning of the current sensor allows the use of low cost sensors as a shunt. 
 
We have seen that the principle of the BLDC motor is, at all times, to energize the phase pair which can 
produce the highest torque. To optimize this effect the Back EMF shape is trapezoidal. The combination 
of a DC current with a trapezoidal Back EMF makes it theoretically possible to produce a constant torque. 
In practice, the current cannot be established instantaneously in a motor phase; as a consequence the 
torque ripple is present at each 60 degree phase commutation. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
                    Fig 3. Electrical Waveforms in the Two Phase ON Operationand Torque Ripple 
 



 
If the motor used has a sinusoidal Back EMF shape, this control can be applied but the produced torque 
is: 
 



• Firstly, not constant but made up from portions of a sine wave. This is due to its being the combination 
of a trapezoidal current control strategy and of a sinusoidal Back EMF. Bear in mind that a sinusoidal 
Back EMF shape motor controlled with a sine wave strategy (three phase ON) produces a constant 
torque. 



• Secondly, the torque value produced is weaker. 
 
 
 
 
 



 
Fig.4 Torque Ripple in a Sinusoidal Motor Controlled as a BLDC 
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System Topology    
 



Three Phase Inverter 
 
The BLDC motor control consists of generating DC currents in the motor phases. This control is 
subdivided into two independent operations: stator and rotor flux synchronization and control of the 
current value. Both operations are realized through the three phase inverter depicted in the following 
scheme. 



 



 
 



Fig.5 Three Phase Inverter 
 
The flux synchronization is derived from the position information coming from sensors, or from sensorless 
techniques. From the position, the controller determines the appropriate pair of transistors (Q1 to Q6) 
which must be driven. The regulation of the current to a fixed 60 degrees reference can be realized in 
either of the two different modes: 
 



1. The Pulse Width Modulation (PWM) Mode 
 
The supply voltage is chopped at a fixed frequency with a duty cycle depending on the current error. 
Therefore both the current and the rate of change of current can be controlled. The two phase supply 
duration is limited by the two phase commutation angles. The main advantage of the PWM strategy is 
that the chopping frequency is a fixed parameter; hence, acoustic and electromagnetic noises are 
relatively easy to filter. 
 
There are also two ways of handling the drive current switching: hard chopping and soft chopping. 
In the hard chopping technique both phase transistors are driven by the same pulsed signal: the two 
transistors are switched-on and switched-off at the same time. The power electronics board is then easier 
to design and is also cheaper as it handles only three pulsed signals. A disadvantage of the hard 
chopping operation is that it increases the current ripple by a large factor in comparison with the soft 
chopping approach. 
 
The soft chopping approach allows not only a control of the current and of the rate of change of the 
current but a minimization of the current ripple as well. In this soft chopping mode the low side transistor 
is left ON during the phase supply and the high side transistor switches according to the pulsed signal. In 
this case, the power electronics board has to handle six PWM signals. 
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2. The Hysteresis Mode 
 



In the hysteresis-type current regulator, the power transistors are switched off and on according to 
whether the current is greater or less than a reference current. The error is used directly to control the 
states of the power transistors. The hysteresis controller is used to limit the phase current within a preset 
hysteresis band. As the supply voltage is fixed, the result is that the switching frequency varies as the 
current error varies. The current chopping operation is thus not a fixed chopping frequency PWM 
technique. This method is more commonly implemented in drives where motor speed and load do not 
vary too much, so that the variation in switching frequency is small. Here again, both hard and soft 
chopping schemes are possible. Since the width of the tolerance band is a design parameter, this mode 
allows current control to be as precise as desired, but acoustic and electromagnetic noise are difficult to 
filter because of the varying switching frequency. 
 



Current Sensing 
 



A characteristic of the BLDC control is to have only one current at a time in the motor (two phases ON). 
Consequently, it is not necessary to put a current sensor on each phase of the motor; one sensor placed 
in the line inverter input makes it possible to control the current of each phase. Moreover, using this 
sensor on the ground line, insulated systems are not necessary, and a low cost resistor can be used. Its 
value is set such that it activates the integrated over-current protection when the maximum current 
permitted by the power board has been reached.  
 
Each current measurement leads to a new PWM duty cycle loaded at the beginning of a PWM cycle. 
Note that, during Turn OFF, the shunt resistor does not have this current to sense, regardless of whether 
the inverter is driven in hard chopping or in soft chopping mode. The figure below depicts the shunt 
current in soft chopping mode and shows that in the Turn OFF operation the decreasing current flows 
through the M2 free wheeling diode and through the maintained closed M4 (so there is no current 
observable in the shunt in this chopping mode during Turn OFF). This implies that it is necessary to start 
a current conversion in the middle of the PWM duty cycle. 



 
 
 



 
 



 
Fig. 6 Shunt Resistor Voltage Drop according to PWM DutyCycles (Soft Chopping) 
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In the hard chopping mode during the Turn OFF neither M1 nor M4 drive current, so that the decreasing 
phase current flows from ground through the shunt resistor via M2 and M3 free wheeling diodes and back 
to ground via the capacitor. In this chopping mode it is possible to see the exponentially decreasing 
phase current across the shunt as a negative shunt voltage drop appears. Assuming that neither the 
power board nor the control board support negative voltages, this necessitates that the current be sensed 
in the middle of the Turn ON. 
 
Achieving a BLDC speed control requires three control layers to be performed. The innermost one is to 
get the rotor position in order to correctly commutate the stator flux. Once the rotor position is known, the 
magnitude of the stator flux has to be generated and controlled. Assuming that the stator flux is 
proportional to the current flowing in the stator coils, the control of the stator flux magnitude is equivalent 
to the control of the input current. The outermost control loop is the speed regulation loop. 



 
Bemf Zero Crossing Point Computation 
 



The resistor divider circuit is specified such that the maximum output from this voltage sensing circuit 
utilizes the full ADC conversion range. The filtering capacitor should filter the chopping frequency, so only 
very small values are necessary (in the range of nF or even less). The sensorless algorithm is based only 
on the three motor terminal voltage measurements and thus requires only four ADC input lines.  
 
In the sensored control structure, the phases are commutated once every 60º mechanical rotation of the 
rotor. This implies that only six commutation signals are sufficient to drive a BLDC motor. Furthermore, an 
efficient control implies synchronization between the phase Bemf and the phase supply so that the Bemf 
crosses zero once during the non-fed 60º sector. The next paragraph shows how it is possible to get the 
three Bemfs and their zero crossings. The figure below depicts the motor terminal model, where L is the 
phase inductance, R is the phase resistance, E is the back electromotive force, Vn is the star connection 
voltage referenced to ground and Vx is the phase voltage referenced to ground. Vx voltages are 
measured by means of the ADC Unit and via the resistance bridge depicted in Fig. 8. 
 
 



 



 



Fig. 7 Backemf sensing circuit on HDMC kit Fig. 8 Stator Terminal Electrical Model 
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Assuming that phase C is the non-fed phase it is possible to write the following equations for the three 
terminal voltages: 



VnEa
dt
dIaLRIaVa +++=



 



VnEb
dt
dIbLRIbVb +++=



 



VnEcVc +=  
 
As only two currents flow in the stator windings at any one time, two phase currents are equal and 
opposite. Therefore, 



IbIa −=  



Thus, by adding the three terminal voltage equations we have, 



3Vn EcEbEa Vc Vb  Va +++=++  



The instantaneous Bemf waveforms of the BLDC motor are shown in Figure 9. From this figure it is 
evident that at the Bemf zero crossing points the sum of the three Bemfs is equal to zero. Therefore the 
last equation reduces to, 



3Vn  Vc Vb  Va =++  



 
This equation is implemented in the code to compute the neutral voltage. In the code, the quantity 3Vn is 
represented by the variable called neutral. 
 
 
 
 



 
Fig. 9 Typical current and BEMF waveform sin BLDC motor drive 
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For the non-fed phase (zero current flowing), the stator terminal voltage can be rewritten as follows: 
 



Vn3Vc3Ec3 −=  
 
This equation is used in the code to calculate the Bemf zero crossing point of the non-fed phase C. 
Similar equations are used to calculate the Bemf zero crossing points of other Bemf voltages Ea and Eb. 
As we are interested in the zero crossing of the Bemf it is possible to check only for the Bemf sign 
change; this assumes that the Bemf scanning loop period is much shorter than the mechanical time 
constant. This function is computed after the three terminal voltage samples, typically once every 50us. 
 



Electrical Behavior at Commutation Points 
 



At the instants of phase commutation, high dV/dt and dI/dt glitches may occur due to the direct current 
level or to the parasitic inductance and capacitance of the power board. This can lead to a misreading of 
the computed neutral voltage. This is overcome by discarding the first few scans of the Bemf once a new 
phase commutation occurs. In the code this is implemented by the function named ‘NOISE_WIN’. The 
duration depends on the power switches, the power board design, the phase inductance and the driven 
direct current. This parameter is system-dependent and is set to a large value in the low speed range of 
the motor. As the speed increases, the s/w gradually lowers this duration since the Bemf zero crossings 
also get closer at higher speed. 
 



Commutation Instants Computation 
 
In an efficient sensored control the Bemf zero crossing points are displaced 30° from the instants of 
phase commutation. So before running the sensorless BLDC motor with help of the six zero crossing 
events it is necessary to compute the time delay corresponding to this 30° delay angle for exact 
commutation points. This is achieved by implementing a position interpolation function. In this software it 
is implemented as follows: let T be the time that the rotor spent to complete the previous revolution and α 
be the desired delay angle. By dividing α by 360° and multiplying the result by T we obtain the time 
duration to be spent before commutating the next phase pair. In the code this delay angle is fixed to 30°. 
The corresponding time delay is represented in terms of the number of sampling time periods and is 
stored in the variable cmtn_delay. Therefore, 
Time delay = cmtn_delay .Ts = T(α /360) = v_timer.Ts(α /360) = v_timer . Ts/12 
 
Where, Ts is the sampling time period and v_timer is a timer that counts the number of sampling cycles 
during the previous revolution of the rotor. 
 
The above equation is further simplified as, 
 
cmtn_delay = v_timer /12 
 
This equation is implemented in the code in order to calculate the time delay corresponding to the 
30° commutation delay angle. 
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Benefits of 32-bit C2000 Controllers for Digital Motor Control (DMC) 
 
C2000 family of devices posses the desired computation power to execute complex control algorithms 
along with the right mix of peripherals to interface with the various components of the DMC hardware like 
the ADC, ePWM, QEP, eCAP etc. These peripherals have all the necessary hooks for implementing 
systems which meet safety requirements, like the trip zones for PWMs and comparators. Along with this 
the C2000 ecosystem of software (libraries and application software) and hardware (application kits) help 
in reducing the time and effort needed to develop a Digital Motor Control solution. The DMC Library 
provides configurable blocks that can be reused to implement new control strategies. IQMath Library 
enables easy migration from floating point algorithms to fixed point thus accelerating the development 
cycle. 
 
Thus, with C2000 family of devices it is easy and quick to implement complex control algorithms 
(sensored and sensorless) for motor control. The use of C2000 devices and advanced control schemes 
provides the following system improvements:  



 Favors system cost reduction by an efficient control in all speed range implying right dimensioning of 
power device circuits 



 Use of advanced control algorithms it is possible to reduce torque ripple, thus resulting in lower 
vibration and longer life time of the motor 



 Advanced control algorithms reduce harmonics generated by the inverter thus reducing filter cost.  



 Use of sensorless algorithms eliminates the need for speed or position sensor.  



 Decreases the number of look-up tables which reduces the amount of memory required 



 The Real-time generation of smooth near-optimal reference profiles and move trajectories, results in 
better-performance 



 Generation of high resolution PWM’s is possible with the use of ePWM peripheral for controlling the 
power switching inverters 



 Provides single chip control system 



For advanced controls, C2000 controllers can also perform the following: 



 Enables control of multi-variable and complex systems using modern intelligent methods such as neural 
networks and fuzzy logic. 



 Performs adaptive control. C2000 controllers have the speed capabilities to concurrently monitor the 
system and control it. A dynamic control algorithm adapts itself in real time to variations in system 
behaviour. 



 Performs parameter identification for sensorless control algorithms, self commissioning, online 
parameter estimation update. 



 Performs advanced torque ripple and acoustic noise reduction. 



 Provides diagnostic monitoring with spectrum analysis. By observing the frequency spectrum of 
mechanical vibrations, failure modes can be predicted in early stages. 



 Produces sharp-cut-off notch filters that eliminate narrow-band mechanical resonance. Notch filters 
remove energy that would otherwise excite resonant modes and possibly make the system unstable. 
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TI Literature and DMC Library 
 
The Digital Motor Control (DMC) library is composed of functions represented as blocks. These blocks 
are categorized as Transforms & Estimators (Clarke, Park, Sliding Mode Observer, Phase Voltage 
Calculation, and Resolver, Flux, and Speed Calculators and Estimators), Control (Signal Generation, PID, 
BEMF Commutation, Space Vector Generation), and Peripheral Drivers (PWM abstraction for multiple 
topologies and techniques, ADC drivers, and motor sensor interfaces). Each block is a modular software 
macro is separately documented with source code, use, and technical theory. Check the folders below for 
the source codes and explanations of macro blocks: 
 
 C:\TI\controlSUITE\libs\app_libs\motor_control\math_blocks\v4.0 
 C:\TI\controlSUITE\libs\app_libs\motor_control\drivers\f2803x_v2.0 
 
These modules allow users to quickly build, or customize, their own systems. The Library supports the 
three motor types: ACI, BLDC, PMSM, and comprises both peripheral dependent (software drivers) and 
target dependent modules. 
 
The DMC Library components have been used by TI to provide system examples. At initialization all DMC 
Library variables are defined and inter-connected.  At run-time the macro functions are called in order.  
Each system is built using an incremental build approach, which allows some sections of the code to be 
built at a time, so that the developer can verify each section of their application one step at a time. This is 
critical in real-time control applications where so many different variables can affect the system and many 
different motor parameters need to be tuned. 
 
Note:  TI DMC modules are written in form of macros for optimization purposes (refer to application note 
SPRAAK2 for more details at TI website). The macros are defined in the header files. The user can open 
the respective header file and change the macro definition, if needed. In the macro definitions, there 
should be a backslash ”\” at the end of each line as shown below which means that the code continue in 
the next line. Any character including invisible ones like “space” after the backslash will cause compilation 
error. Therefore, make sure that the backslash is the last character in the line. In terms of code 
development, the macros are almost identical to C function, and the user can easily convert the macro 
definition to a C functions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



#define PARK_MACRO(v)         \ 
                 \ 



v.Ds = _IQmpy(v.Alpha,v.Cosine) + _IQmpy(v.Beta,v.Sine);   \ 
v.Qs = _IQmpy(v.Beta,v.Cosine)  - _IQmpy(v.Alphv.Sine); 



A typical DMC macro definition 
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System Overview 
 
This document describes the “C” real-time control framework used to demonstrate the trapezoidal control 
of BLDC motors. The “C” framework is designed to run on TMS320C2803x based controllers on Code 
Composer Studio. The framework uses the following modules1: 
 
Macro Names Explanation 
BLDCPWM / PWMDAC PWM and PWMDAC Drives 
COM_TRIG Commutation Trigger Generator Module 
PID PID Regulators 
RC Ramp Controller (slew rate limiter) 
RC2 Ramp up and Ramp down Module 
RC3 Ramp down Module 
SPEED_PR Speed Measurement (based on sensor signal period) 
IMPULSE Impulse Generator 
MOD6_CNT Mod 6 Counter 
1 Please refer to pdf documents in motor control folder explaining the details and theoretical background of each macro 



 
 
In this system, the sensorless trapezoidal control of BLDC motors will be experimented with and will 
explore the performance of the speed controller. The BLDC motor is driven by a conventional voltage-
source inverter. The TMS320F2803x control card is used to generate three pulse width modulation 
(PWM) signals. The motor is driven by an integrated power module by means of BLDC specific PWM 
technique. Phase voltages and DC bus return current (I fb Ret) is measured and sent to the 
TMS320x2803x via analog-to-digital converters (ADCs). 
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HVBLDC_Sensorless project has the following properties: 
 
 



C Framework 



System Name Program Memory Usage 
2803x 



Data Memory Usage1 



2803x 
HVBLDC_Sensorless 4098 words2 2012 words 



 
 
1 Excluding the stack size  
2 Excluding “IQmath” Look-up Tables 
 
 
 
  



CPU Utilization – BLDC Sensorless 
Total Number of Cycles  431* 
CPU Utilization @ 60 Mhz  14.4% 
CPU Utilization @ 40 Mhz  21.6% 



 
*  At 20 kHz ISR freq. Debug macros excluded. 
 
 
 
 
 
 
 
 



System Features 
Development /Emulation Code Composer Studio v4.1 (or above) with Real Time debugging 
Target Controller TMS320F2803x 
PWM Frequency 20kHz PWM (Default), 60kHz PWMDAC  
PWM Mode Asymmetrical with no dead band 
Interrupts CPU Timer 0 – Implements 40 kHz ISR execution rate 
Peripherals Used PWM 1 / 2 / 3 for motor control  



PWM 6A, 6B, 7A & 7B for DAC outputs 
ADC A2 for low side DC bus return current sensing, B1-3 for Bemf sensing 
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The overall system implementing a 3-ph sensorless BLDC control is depicted in Fig.6 and 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig 6 A 3-ph BLDC drive implementation 
 



Fig. 7 Overall block diagram of sensorless control of BLDC 
 



*Note that the dcbus return current is obtained through the summation of three phase currents in R1.1 
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The software flow is described below:  
 



 
Interrupt INT1



TINT0_ISR



Save contexts and clear 
interrupt flags



Execute ADC 
conversion (for current 



loop)



Execute Hall Drv



Execute Mod6 counter 
module



Execute RC2 module



Execute PID module



Execute BLDC PWM 
DRV



Update Datalog and 
Virtual Timer



Restore context Return 



c_ int0



Initialize S /W 
modules



Initialize time 
bases



Confg CPU Timer 0
and enable INT1



Initialize other 
system and 



module parameters



Background 
loop INT 1
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Hardware Configuration (HVDMC Kit R1.1) 
 
Please refer to the HVMotorCtrl+PFC How to Run Guide found: 
 



C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs  
 
for an overview of the kit’s hardware and steps on how to setup this kit. Some of the hardware setup 
instructions are captured below for quick reference 
 



HW Setup Instructions 



1. Open the Lid of the HV Kit  



2. Install the Jumpers [Main]-J3, J4 and J5, J9 for 3.3V, 5V and 15V power rails and JTAG reset line. 



3. Unpack the DIMM style controlCARD and place it in the connector slot of [Main]-J1. Push vertically 
down using even pressure from both ends of the card until the clips snap and lock. (to remove the 
card simply spread open the retaining clip with thumbs) 



4. Connect a USB cable to connector [M3]-JP1. This will enable isolated JTAG emulation to the      
C2000 device. [M3]-LD1 should turn on. Make sure [M3]-J5 is not populated. If the included Code 
Composer Studio is installed, the drivers for the onboard JTAG emulation will automatically be 
installed. If a windows installation window appears try to automatically install drivers from those 
already on your computer. The emulation drivers are found at 
http://www.ftdichip.com/Drivers/D2XX.htm. The correct driver is the one listed to support the FT2232.  



5. If a third party JTAG emulator is used, connect the JTAG header to [M3]-J2 and additionally [M3]-J5 
needs to be populated to put the onboard JTAG chip in reset.  



6. Ensure that [M6]-SW1 is in the “Off” position. Connect 15V DC power supply to [M6]-JP1. 



7. Turn on [M6]-SW1. Now [M6]-LD1 should turn on. Notice the control card LED would light up as well 
indicating the control card is receiving power from the board. 



8. Note that the motor should be connected to the [M5]-TB3 terminals after you finish with the first 
incremental build step. 



9. Note the DC Bus power should only be applied during incremental build levels when instructed to do 
so. The two options to get DC Bus power are discussed below, 



(i)  To use DC power supply, set the power supply output to zero and connect [Main]-BS5 and BS6 to DC    
power supply and ground respectively. 



(ii) To use AC Mains Power, Connect [Main]-BS1 and BS5 to each other using banana plug cord. Now 
connect one end of the AC power cord to [Main]-P1. The other end needs to be connected to output 
of a variac. Make sure that the variac output is set to zero and it is connected to the wall supply 
through an isolator. 



 
Note: Phase voltage sensing caps (C21, 22, 23) are optimized for AC motor control. Use lower value 
capacitors (i.e. <=2.2nF) to reach peak torque. Also note that, dc bus current feedback is obtained as 
sum of all three phases instead of a shunt resistor on the dc bus return path.   
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For reference the pictures below show the jumper and connectors that need to be connected for this lab.  
Note that the order of motor cable colors connected to inverter output should be as shown below. Please 
check the motor datasheet for further details. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. 8 Using AC Power to generate DC Bus Power 



    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 
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    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 



BLDC 
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J3,J4,J5 
J9 



DC Power Supply (max. 350V) 
+ - 



Fig.9 Using External DC power supply to generate DC-Bus for the inverter 
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Software Setup Instructions to Run HVBLDC_Sensorless Project  



Please refer to the “Generic Steps for Software Setup for HVMotorCtrl+PFC Kit Projects” section in the 
HVMotorCtrl+PFC Kit How To Run Guide  
 
C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs 
 
This section goes over how to install CCS and set it up to run with this project. 
Select the HVBLDC_Sensorless as the active project. Verify that the build level is set to 1, and then right 
click on the project name and select “Rebuild Project”. Once build completes, launch a debug session to 
load the code into the controller. Now open a watch window and add the variables shown in the table 
below and select the appropriate Q format for them. 



Watch Window Variables 
Variable Name Viewed as 



EnableFlag Unsigned Integer 
IsrTicker Unsigned Integer 
SpeedRef Q24 
Dlog.prescalar Integer 
SpeedLoopFlag Unsigned Integer 
ILoopFlag Unsigned Integer 
CmtnPeriodTarget Unsigned Integer 
DFuncDesired Unsigned Integer 
ClosedFlag Unsigned Integer 
pid1_spd.Out Q24 
pid1_idc.Out Q24 
pid1_spd.Kp Q24 
speed1.Speed Q24 



Setup time graph windows by importing Graph1.graphProp and Graph2.graphProp from the following 
location C:\TI\ControlSUITE\developement_kits\HVMotorCtrl+PfcKit_v2.0\HVBLDC_Sensorless Click on 
Continuous Refresh button      on the top left corner of the graph tab to enable periodic capture of data 
from the microcontroller. 



Incremental System Build for Sensorless BLDC project 



The system is gradually built up in order for the final system can be confidently operated. Six phases of 
the incremental system build are designed to verify the major software modules used in the system. The 
table below summarizes the modules testing and using in each incremental system build. 
 



Testing modules in each incremental system build 
Software Module Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 
PWMDAC_MACRO  √√ √ √ √ 
RC3_MACRO √√ √√ √ √ √ 
MOD6_CNT_MACRO √√ √√ √ √ √ 
IMPULSE_MACRO √√ √√ √ √ √ 
BLDCPWM_MACRO √√ √√ √ √ √ 
RC2_MACRO   √√ √ √ 
HALL3 _READ_MACRO   √√ √ √ 
SPEED_PR_MACRO   √√ √ √ 
PID_MACRO (IDC)    √√ √ 
RC_MACRO      √√ 
PID_MACRO (SPD)     √√ 
Note: the symbol √ means this module is using and the symbol √√ means this module is testing in this phase. 
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Level 1 Incremental Build  



Assuming the load and build steps described in the “HVMotorCtrl+PFC Kit How To Run Guide” completed 
successfully, this section describes the steps for a “minimum” system check-out which confirms operation 
of system interrupts, some peripheral & target independent modules and one peripheral dependent 
module. Open HVBLDC_Sensorless-Settings.h and select level 1 incremental build option by setting the 
BUILDLEVEL to LEVEL1 (#define   BUILDLEVEL LEVEL1). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable real 
time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be 
incrementally increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 
 
The key explanations and steps are given as follows: 



 The start-up and the initial speed up of the BLDC motor is controlled by the RMP3CNTL module. This 
module generates a ramp down function. This ramp down feature of RMP3CNTL module allows speed 
up of the BLDC motor from stand still in an open loop configuration (like a stepper motor). Note that the   



 One of the inputs to RMP3CNTL module, DesiredInput, determines the final speed at the end of the 
motor speed up phase. This input is provided from the system using the system variable 
CmtnPeriodTarget. User initializes this system variable with appropriate value depending on the type of 
the BLDC motor. The second input to RMP3CNTL module is rmp3_dly, which is also user initialized by 
using the system variable RampDelay. This determines the rate at which the motor speeds up. The 
output of RMP3CNTL module is Out, which provides a variable time period gradually decreasing in 
time. The second output of RMP3CNTL module is Ramp3DoneFlag, which, when set to 0x7FFF, 
indicates the end of the ramp down (or motor speed up) phase. 



 Out is used to provide the input Period for the IMPULSE module. This module generates periodic 
impulses with period specified by its input Period. 



 The DATALOG module is used to view the output variables of the modules. The initialization required to 
perform this, is done in the level 1 incremental build initialization routine. During this initialization, one of 
the inputs of DATALOG module is configured to point to mod1.Counter. Thus Out signal is shown in the 
graph in CCS. 



 The periodic impulse output, Out, is applied to the input TrigInput of the MOD6_CNT module. The 
output of this module is Counter, which can assume one of the 6 possible values 0, 1, 2, 3, 4 or 5. This 
output changes from one state to the next when a trigger pulse is applied to the input. This Counter is 
finally used as the pointer input, CmtnPointer, for the module BLDC_3PWM_DRV. These 6 values of 
the pointer variable, CmtnPointer , are used to generate the 6 commutation states of the power inverter 
driving the BLDC motor. The duty cycle of the generated PWM outputs (according to the 6 commutation 
states) during the motor speed up phase are determined by the input DfuncTesting.  
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 Now, compile/load/run program with real time mode and set “EnableFlag” to 1 in the watch window. 
Initially when RMP3CNTL ramps down, Period (the period of Out) will also gradually go down. At the 
end of ramp period (when Out equals DesiredInput) Period will become constant and Ramp3DoneFlag 
will set to 0x7FFF. Enter a new lower value for CmtnperiodTarget (DesiredInput). Then Period will 
gradually reduce to the new value.  



 Check MOD6_CNT output variable Counter in the watch window and graph window. This will vary 
between 0 and 5. 



 Use a scope to check the PWM outputs controlled by the peripheral dependent module 
BLDC_3PWM_DRV. The odd numbered PWM outputs (PWM1, PWM3, and PWM5) will either generate 
PWM pulses or remain OFF. The even numbered PWM outputs (PWM2, PWM4, and PWM6) will either 
remain ON or OFF.  



 The output states of all the 6 PWM outputs will be such that together they generate the 6 commutation 
states of the power inverter driving the BLDC motor. 



 After verifying this take the controller out of real time mode (disable) reset the processor and then 
terminate the debug session. 



 



During running this level, the PWM outputs should be appeared as follow: 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Fig. 10 The PWM outputs , PWM 1 (Yellow) , PWM 2 
(Pink) and  PWM 5 (Green), PWM 6 (Blue) 
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Level 1 describes the steps for a “minimum” system check-out which confirms operation of system interrupts, some peripheral & 
target independent modules and one peripheral dependent module.
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Level 2 Incremental Build  



Assuming the previous section is completed successfully, this section verifies the open loop motor 
operation and current measurement. Open HVBLDC_Sensorless-Settings.h and select level 1 
incremental build option by setting the BUILDLEVEL to LEVEL2 (#define   BUILDLEVEL LEVEL2). Now 
Right Click on the project name and click Rebuild Project. Once the build is complete click on debug 
button, reset CPU, restart, enable real time mode and run. Set “EnableFlag” to 1 in the watch window. 
The variable named “IsrTicker” will be incrementally increased as seen in watch windows to confirm the 
interrupt working properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 
 
The key steps can be explained as follows: 
 
Level 2A Open Loop Test 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage. Now the motor is running with default DFuncTesting value. 



 If the open loop commutation parameters are chosen properly then the motor will gradually speed up 
and finally run at a constant speed in open loop commutation mode. 



 The final speed of the motor will depend on the parameter CmtnPeriodTarget. The lower the value for 
this variable the higher will be the motor final speed. Since the motor Bemf depends on it’s speed, the 
value chosen for CmtnPeriodTarget will also determine the generated Bemf. 



 The average applied voltage to the motor during startup will depend on the parameter DfuncTesting. 
The parameters DfuncTesting and CmtnPeriodTarget should be such that, at the end of motor speed 
up phase, the generated Bemf is lower than the average voltage applied to motor winding. This will 
prevent the motor from stalling or vibrating. The default DfuncTesting and CmtnPeriodTarget values in 
the initialization section is selected for the motor in HVDMC kit. When a different motor is tested, these 
values need to be tuned to prevent possible vibration and startup the motor properly. Both DfuncTesting 
and CmtnPeriodTarget should be adjusted accordingly in the watch windw to increase the motor 
speed.The motor speed up time will depend on RampDelay, the time period of the main sampling loop 
and the difference between CmtnPeriodTarget and CmtnPeriodSetpt. 



Note: This step is not meant for wide speed and torque range operation; instead the overall system is      
tested and calibrated before closing the loops at a certain speed under no-load.  



 Bring the system to a safe stop as described below by reducing the bus voltage, taking the controller 
out of realtime mode and reset.  



 
 



After verifying this, reduce the DC Bus voltage, take the controller out of real time mode (disable), 
reset the processor      (see “HVMotorCtrl+PFC Kit How To Run Guide” for details). Note that 
after each test, this step needs to be repeated for safety purposes. Also note that improper 
shutdown might halt the PWMs at some certain states where high currents can be drawn, hence 



caution needs to be taken while doing these be taken while doing these experiments.  
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Level 2B ADC Verification and Offset Calibration 



 Verify ADC operation by monitoring dc bus return current and all three back emfs (optional). 



 Turn off the power supply and compile/load/run program with real time mode. When the dc bus voltage 
is zero, the displayed current on the watch window (DCbus_current) should be zero. If not, adjust the 
offset value in the code by going to : 



DCbus_current = _IQ12toIQ(AdcResult.ADCRESULT4)-_IQ(0.5);   



and change IQ15(0.50) offset value (e.g. IQ15(0.5087) or IQ15(0.4988) depending on the sign and 
amount of the offset. Once this step is completed, turn on the power supply and set the output value to 
zero.  



 



During level 2, the BLDC Hall Effect sensors’ output (if applicable) and PWMDAC outputs should be 
appeared as follows: 



 



 



 



  



 



 



 



 



  



 



 



 



 



 



 



 



 



 



Fig. 11 The outputs of Hall Effect sensors, Hall A, B and C 



Fig. 12 PWMDAC outputs  BemfA, BemfB and 
BemfC, (VdcBus=160V) 
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During running this level, the waveforms in the CCS graphs should be appeared as follow: 



 



 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



Fig. 13 (a) mod6 counter (b) impulse output (dlog.prescalar=3) 



Fig. 14 (a) mod6 counter, (b) BemfA, (c) BemfB and (d)BemfC, 
(dlog.prescalar = 25 & VdcBus =160V) 
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Level 3 Incremental Build  



Assuming the previous section completed successfully, this section verifies the peripheral independent 
module COMTN_TRIG. Open HVBLDC_Sensorless-Settings.h and select level 3 incremental build option 
by setting the BUILDLEVEL to LEVEL3 (#define   BUILDLEVEL LEVEL3). Now Right Click on the project 
name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, 
enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 



 
The key steps can be explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage. Now the motor will gradually speed up and finally run at a constant 
speed in open loop commutation mode with default DFuncDesired value. 



 View COMTN_TRIG module output variables CmtnTrig, Neutral, ZcTrig and DebugBemf from either 
from graphs window or scope. 



 Verify that Neutral has been correctly re-constructed and DebugBemf shows the 6 "non-energized" 
Bemf ramps. Zero crossing triggers (ZcTrig) should be correctly aligned with zero's of Bemf ramps. 



 Commutation triggers (CmtnTrig) should appear 30o after ZcTrig and be aligned with commutation 
points, i.e. direction changes of Bemf ramps. 



 Bring the system to a safe stop as described below by reducing the bus voltage, taking the controller 
out of realtime mode and reset.  



During running this level, the waveforms at the PWM outputs should appear as follows: 
 



Fig. 15 (a) Neutral, (b) DebugBemf, (c) BemfA and (d)BemfB 
(VdcBus =160V) 
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Level 4 Incremental Build  
 
Assuming the previous section is completed successfully, this section verifies the closed loop motor 
operation based on the computed Bemf zero crossings and the resulting commutation trigger points. 
Open HVBLDC_Sensorless-Settings.h and select level 4 incremental build option by setting the 
BUILDLEVEL to LEVEL4 (#define   BUILDLEVEL LEVEL4) and save the file. Now Right Click on the 
project name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, 
restart, enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 
 DFuncDesired (Q15 format): changing the PWM duty function in per-unit. 
 
 
The key steps can be explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage.  



 The motor will gradually speed up and finally switch to closed loop commutation mode.  



 The switch over from open loop commutation to closed loop commutation occurs when 
Ramp3DoneFlag is set to 0x7FFFFFFF indicating the end of motor speed up phase. Until this switch 
over occurs MOD6_CNT module is triggered by the output of IMPULSE module. After the switch over, 
MOD6_CNT module is triggered by the output of COMTN_TRIG module. 



 When the speed up phase is over, vary the motor speed by changing DFuncDesired. This parameter is 
used as input to a second ramp control module RMP2CNTL. The output of this module is Out, which 
controls the duty cycle parameter DutyFunc. This varies the power delivered to the motor and hence it’s 
speed. The second input to the RMP2CNTL module is Ramp2Delay. This controls the rate at which the 
ramp value changes. This variable is initialized by the user from the HVBLDC_Sensorless.c file. 



 Bring the system to a safe stop as described below by reducing the bus voltage, taking the controller 
out of realtime mode and reset. 
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During running this level, the current waveforms in the CCS graphs should appear as follows: 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
PWMDAC outputs should appear as follows on the scope:  
 
 



Fig. 16 (a) mod6 counter, (b) BemfA, (c) BemfB and (d)BemfC 
(dlog.prescalar=25 &Vdcbus=160V) 



Fig. 17  PWMDAC outputs a)  BemfA, (b) BemfB, (c)BemfC and (d) mod6 counter 
(Vdcbus=160V) 
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Level 4 Incremental System Build Block Diagram
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Level 4 verifies the closed loop motor operation based on the computed Bemf zero crossings and the resulting 
commutation trigger points. 
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Level 5 Incremental Build 
 
Assuming the previous section is completed successfully, this section verifies the closed current loop and 
current PI controller. Open HVBLDC_Sensorless-Settings.h and select level 5 incremental build option by 
setting the BUILDLEVEL to LEVEL5 (#define   BUILDLEVEL LEVEL5). Now Right Click on the project 
name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, 
enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below.  
 
 DFuncDesired (Q15 format): for changing the PWM duty cycle in per-unit. 
 CurrentSet (GLOBAL_Q format): for changing the reference DC-bus current in per-unit. 
 ILoopFlag (Q0 format): for switching between fixed duty-cycle and controlled Idc duty-cycle. 
 
The steps are explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage.  



 The motor will gradually speed up and finally switch to closed loop commutation mode. 



 Increase/decrease the motor speed by changing DFuncDesired. 



 Now use the variable CurrentSet to specify the reference current for the PI controller PID_REG3. Once 
the ClosedFlag set to 1 in the code, change ILoopflag to 1 to activate the current loop PI controller.  
Once this is done, the PI controller will start to regulate the DC bus current and hence the motor 
current. Gradually increase/decrease the command current (CurrentSet value) to change the torque 
command and adjust PI gains. Note that the speed is not controlled in this step and a non-zero torque 
reference will keep increasing the motor speed. Therefore, the motor should be loaded using a 
brake/generator (or manually if the motor is small enough) after closing the loop. Initially apply relatively 
light load and then gradually increase the amount of the load. If the applied load is higher than the 
torque reference, the motor cannot handle the load and stops immediately after closing the current 
loop.   



 Verify the motor speed (both pu and rpm) calculated by SPEED_PR 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset.  
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During running this level, the current waveforms in the CCS graphs should appear as follows: 



 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
PWMDAC outputs should appear as follows on the scope:  



Fig. 18  a) mod 6 counter (b) BemfA, (c) BemfB, (d )BemfC 
(dlog.presalar = 25 & Vdcbus=160V) 



Fig. 19  PWMDAC outputs a)  BemfA, (b) BemfB, (c)BemfC and (d) mod6 counter 
(Vdcbus=160V) 
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Level 5 Incremental System Build Block Diagram
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Level 5 verifies the closed current loop and  current PI controller.
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Level 6 Incremental Build 
 
Assuming the previous section is completed successfully, this section verifies the closed speed loop and 
speed PI controller. Open HVBLDC_Sensorless-Settings.h and select level 6 incremental build option by 
setting the BUILDLEVEL to LEVEL6 (#define   BUILDLEVEL LEVEL6). Now Right Click on the project 
name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, 
enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below.  
 
 SpeedRef (GLOBAL_Q format): for changing the reference DC-bus current in per-unit. 
 
The steps are explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage.  



 The motor will gradually speed up and finally switch to closed loop commutation mode. 



 Now use the variable SpeedRef to specify the reference speed for the PI controller PID_REG3. The 
SpeedLoopFlag is automatically activated when the PI reference is ramped up from zero speed to 
SpeedRef. Once this is done, the PI controller will start to regulate the motor speed. Gradually increase 
the command speed (SpeedRef value) to increase the motor speed. 



 Adjust speed PI gains to obtain the satisfied speed responses, if needed. 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset.  
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During running this level, the current waveforms in the CCS graphs should appear as follows: 



 



 
 
 
 
 
 
 
 
 
 
 
 PWMDAC outputs should appear as follows on the scope:  
 
 
 
 
 
  
 



Fig. 20   a) mod 6 counter (b) BemfA, (c) BemfB, (d )BemfC   
 ( at 0.25 pu speed under no-load, Vdcbus=160V) 



 



Fig. 21  PWMDAC outputs a)  BemfA, (b) BemfB, (c)BemfC and (d) mod6 counter  
(at 0.25 pu speed under no-load, Vdcbus=160V) 
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Level 6 Incremental System Build Block Diagram
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Level 6 verifies the closed speed loop and speed PI controller.
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IQ10mpyI32frac.obj/
IQ10mpyI32int.obj/
IQ11mpyI32frac.obj/
IQ11mpyI32int.obj/
IQ12mpyI32frac.obj/
IQ12mpyI32int.obj/
IQ13mpyI32frac.obj/
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IQ19mpyI32frac.obj/
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IQ5mpyI32int.obj/
IQ6mpyI32frac.obj/
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Appendix A/HVPM_Sensored/F2803x_FLASH/ccsObjs.opt

"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" "./DLOG4CHC.obj" "./DSP2803x_CodeStartBranch.obj" "./DSP2803x_GlobalVariableDefs.obj" "./DSP2803x_usDelay.obj" "./HVPM_Sensored-DevInit_F2803x.obj" "./HVPM_Sensored.obj" "../F28035_FLASH_HVPM_Sensored.CMD" "C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" -l"rts2800_ml.lib" 






Appendix A/BLDC_Testing/F2803x_FLASH/ccsObjs.opt

"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" "./DLOG4CHC.obj" "./DSP2803x_CodeStartBranch.obj" "./DSP2803x_CpuTimers.obj" "./DSP2803x_GlobalVariableDefs.obj" "./DSP2803x_usDelay.obj" "./HVBLDC_Sensorless-DevInit_F2803x.obj" "./HVBLDC_Sensorless.obj" "../F28035_FLASH_HVBLDC_Sensorless.CMD" "C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" -l"rts2800_ml.lib" 
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Appendix A/HVPM_Sensored/.cproject

 
	 
		 
			 
				 
					 
					 
				
				 
				 
					 
					 
					 
					 
				
			
			 
				 
					 
						 
							 
								 
								 
								 
								 
								 
								 
								 
								 
								 
								 
								 
								 
							
							 
							 
							 
							 
								 
									 
								
								 
								 
									 
									 
									 
								
								 
									 
									 
									 
									 
									 
									 
									 
								
								 
								 
								 
								 
								 
								 
								 
								 
							
							 
								 
								 
								 
								 
									 
								
								 
									 
								
								 
									 
									 
									 
								
								 
								 
								 
								 
							
						
					
					 
						 
					
				
			
			 
		
		 
			 
				 
					 
					 
				
				 
				 
					 
					 
					 
					 
				
			
			 
				 
					 
						 
							 
								 
								 
								 
								 
								 
								 
								 
								 
								 
								 
								 
								 
							
							 
							 
							 
							 
								 
									 
								
								 
								 
									 
									 
								
								 
									 
									 
									 
									 
									 
									 
									 
									 
								
								 
								 
								 
								 
								 
								 
								 
								 
							
							 
								 
								 
								 
								 
									 
								
								 
									 
								
								 
									 
									 
									 
								
								 
								 
								 
								 
							
						
					
					 
						 
					
				
			
			 
		
	
	 
		 
	
	 
	 
		 
			 
			 
			 
			 
			 
		
	
	 







Appendix A/BLDC_Testing/Graph1.graphProp





Appendix A/HVPM_Sensored/Graph1.graphProp





Appendix A/BLDC_Testing/Graph2.graphProp





Appendix A/HVPM_Sensored/Graph2.graphProp





Appendix A/BLDC_Testing/macros.ini_initial


CONTROLSUITE_HVMOTOR_ROOT = ../../../







Appendix A/HVPM_Sensored/macros.ini_initial


CONTROLSUITE_HVMOTOR_ROOT = ../../../







Appendix A/BLDC_Testing/.launches/BLDC_Testing.launch

 
 
 
 
 
 
 
 
 

 
 

 
 
 







Appendix A/BLDC_Testing/.launches/HVBLDC_Sensorless.launch

 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 







Appendix A/HVPM_Sensored/.launches/HVPM_Sensored.launch

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Appendix B/Lodd.m

load('lodd_300Hz.MAT'); % Load response from the moment of inertia experiment

H = Channel_2_Data(2100:2500);

H = abs(H);
t2=[0:length(H)-1]'/300; % The signal is sampled in 300Hz. signal is 
                         % divided by 300 to get the axes in seconds.

figure()

H = 2*pi*H/60;
plot(t2,H)
grid on

dy=diff(H)./diff(t2); %d is the slope of the signal 
[C,I]=max(dy); %find maximum of the slope C and the index I where the slope is 

tang=(t2-t2(I))*dy(I)+H(I);

idx4=find(tang>=max(H));
hold on
plot(t2,tang)

m = 0.28;
alpha = C;
r = 0.047/2;
a = alpha*r;
S = m*(9.81 - a);
M = S*r;

save('Inertia.mat','alpha','M')







Appendix B/MakePlots.m

function [ output_args ] = MakePlots(H, G,u, thetitle,ylimits)
%This function makes plots of the estimated response, and the actual
%response. PI-parameters are calculated using ziegler open-loop method.

G = -G; % The speed is originally negative, as the experiments was 
        % conducted in a CCW direction.
t2=[0:length(G)-1]'/300; % The signal is sampled in 300Hz. signal is 
                         % divided by 300 to get the axes in seconds.

G = (G)*(2*pi/60); % Convert RPM to rad/s
grid on
load('motorConstants.MAT') % Load motor constants

plot1 = plot(t2,G);

hold on
grid on
title(thetitle);


ax = gca;
xticks = 0:5:length(G)-1;
set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})


dy=diff(G)./diff(t2); %d is the slope of the signal 
[C,I]=max(dy); %find maximum of the slope C and the index I where the slope is 

tang=(t2-t2(I))*dy(I)+G(I);

hold on
ylim([tang(1) max(G)+5])

idx3=find(tang>=min(G));
%scatter(t2(idx3(1)),tang(idx3(1)),'k')

idx4=find(tang>=max(G));
%text(t2(idx4(1))+1,max(G2)+2,num2str(t2(idx4(1))),'HorizontalAlignment','center')
%text(1.6,tang(idx3(1)),num2str(t2(idx3(1))),'HorizontalAlignment','center')
%text(1,min(tang)+2,num2str(min(tang)),'HorizontalAlignment','center')

[y,t] = step(H,15);
hold on

plot2 = plot(t,y,'r');

xlabel('Time [s]') % x-axis label
ylabel('Speed [rad/s]') % y-axis label
legend('Actual Response','Estimated response');

hold on
plot(t2,tang,'-.k')
hold on
line(get(ax,'Xlim'), [max(G) max(G)],'LineStyle',':','Color','Black') 
plot([t2(idx4(1)),t2(idx4(1))],[min(tang),max(G)],'-.k')
hold on
line(get(ax,'Xlim'), [min(G) min(G)],'LineStyle',':','Color','Black') 

sprintf('PI paramaters for %s:',thetitle)

%text(t2(idx3(1)),min(tang),num2str(t2(idx3(1))),'HorizontalAlignment','center')
init = min(G)
final = max(G)
tau_d = t2(idx3(1))
tau_s = t2(idx4(1))-t2(idx3(1))
delta_u = u*80
delta_y = max(G)-min(G)
%y63 = delta_y*0.632+min(G);
%t63 = find(G>=y63);

%t_1 = tau_d;
%t_2=t2(t63(1))-t_1;

%G_est = tf([(max(G)-min(G))/delta_u],[t_1*t_2 t_1+t_2 1])


%Kp = 0.9 / ((((1/Ke)*u/tau_m)*t2(idx3(1)))/u)
%Ki = Kp/(3.3*t2(idx3(1)))

% PI Parameters
Kp = (0.9*tau_s*delta_u)/(tau_d*delta_y)
Ki = Kp/(3.3*tau_d)

save(thetitle,'Kp','Ki') % Save PI-parameters
end








Appendix B/PlotIT.m

% Create plots from Simulink
ScopeData = N1;
figure
subplot(3,1,1);
plot(ScopeData.time, ScopeData.signals(1).values)
legend('Current','Bemf')
title('Phase A')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(3,1,2);
plot(ScopeData.time, ScopeData.signals(2).values)
title('Phase B')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(3,1,3);
plot(ScopeData.time, ScopeData.signals(3).values)
title('Phase C')
grid on
axis([0.35 0.42 -2.2 2.2])

%%

ScopeData = sps1phPWM2_str1;

figure
subplot(6,1,1);
plot(ScopeData.time, ScopeData.signals(1).values)
title('Q1')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,2);
plot(ScopeData.time, ScopeData.signals(2).values)
title('Q2')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,3);
plot(ScopeData.time, ScopeData.signals(3).values)
title('Q3')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,4);
plot(ScopeData.time, ScopeData.signals(4).values)
title('Q4')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,5);
plot(ScopeData.time, ScopeData.signals(5).values)
title('Q5')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,6);
plot(ScopeData.time, ScopeData.signals(6).values)
title('Q6')
grid on
axis([0.35 0.42 -2.2 2.2])






Appendix B/ziegler.m

function [ output_args ] = ziegler(G,u, thetitle)
% Create a Ziegler-open loop method sketch


G = abs(G);
t2=[0:length(G)-1]'/300;

G = (G)*(2*pi/60); %vref
grid on
load('motorConstants.MAT')



plot1 = plot(t2,G);

hold on
grid on
title(thetitle);


ax = gca;
xticks = 0:5:length(G)-1;
set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})


dy=diff(G)./diff(t2); %d is the slope of the signal 
[C,I]=max(dy); %find maximum of the slope C and the index I where the slope is 

tang=(t2-t2(I))*dy(I)+G(I);

hold on


ylim([tang(1) max(G)+5])

 

idx3=find(tang>=min(G));

idx4=find(tang>=max(G));

%text(t2(idx4(1))+1,max(G2)+2,num2str(t2(idx4(1))),'HorizontalAlignment','center')
%text(1.6,tang(idx3(1)),num2str(t2(idx3(1))),'HorizontalAlignment','center')
%text(1,min(tang)+2,num2str(min(tang)),'HorizontalAlignment','center')


hold on
plot(t2,tang,'-.k')
hold on
line(get(ax,'Xlim'), [max(G) max(G)],'LineStyle',':','Color','Black') 
plot([t2(idx4(1)),t2(idx4(1))],[min(tang),max(G)],'-.k')
hold on
line(get(ax,'Xlim'), [min(G) min(G)],'LineStyle',':','Color','Black') 
%T = 0.0001/40;
sprintf('PI paramaters for %s:',thetitle)

%text(t2(idx3(1)),min(tang),num2str(t2(idx3(1))),'HorizontalAlignment','center')

tau_d = t2(idx3(1));
tau_s = t2(idx4(1))-t2(idx3(1));
delta_u = u*80;
delta_y = max(G)-min(G);
%tt = find(G>=max(G)*0.632);
%t2(tt(1))
%Kp = 0.9 / ((((1/Ke)*u/tau_m)*t2(idx3(1)))/u)
%Ki = Kp/(3.3*t2(idx3(1)))


Kp = (0.9*tau_s*delta_u)/(tau_d*delta_y)
Ki = Kp/(3.3*tau_d)



save(thetitle,'Kp','Ki')
end








Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless.map

******************************************************************************
             TMS320C2000 Linker PC v6.4.2                      
******************************************************************************
>> Linked Sat Jun 13 14:51:53 2015

OUTPUT FILE NAME:   <HVBLDC_Sensorless.out>
ENTRY POINT SYMBOL: "_c_int00"  address: 003f7963


MEMORY CONFIGURATION

         name            origin    length      used     unused   attr    fill
----------------------  --------  ---------  --------  --------  ----  --------
PAGE 0:
  progRAM               00008000   00001000  00000068  00000f98  RWIX
  OTP                   003d7800   00000400  00000000  00000400  RWIX
  FLASHH                003e8000   00002000  00000000  00002000  RWIX
  FLASHG                003ea000   00002000  00000000  00002000  RWIX
  FLASHF                003ec000   00002000  00000000  00002000  RWIX
  FLASHE                003ee000   00002000  00000000  00002000  RWIX
  FLASHD                003f0000   00002000  00000068  00001f98  RWIX
  FLASHC                003f2000   00002000  00000000  00002000  RWIX
  FLASHA                003f6000   00001f80  00001dd9  000001a7  RWIX
  CSM_RSVD              003f7f80   00000076  00000000  00000076  RWIX
  BEGIN                 003f7ff6   00000002  00000002  00000000  RWIX
  CSM_PWL               003f7ff8   00000008  00000000  00000008  RWIX
  IQTABLES              003fe000   00000b50  00000b50  00000000  RWIX
  IQTABLES2             003feb50   0000008c  00000000  0000008c  RWIX
  IQTABLES3             003febdc   000000aa  00000000  000000aa  RWIX
  BOOTROM               003ff27c   00000d44  00000000  00000d44  RWIX
  RESET                 003fffc0   00000002  00000000  00000002  RWIX
  VECTORS               003fffc2   0000003e  00000000  0000003e  RWIX

PAGE 1:
  BOOT_RSVD             00000000   00000050  00000000  00000050  RWIX
  RAMM0                 00000050   000003b0  00000380  00000030  RWIX
  RAMM1                 00000400   00000400  00000000  00000400  RWIX
  DEV_EMU               00000880   00000105  00000004  00000101  RWIX
  SYS_PWR_CTL           00000985   00000003  00000000  00000003  RWIX
  FLASH_REGS            00000a80   00000060  00000008  00000058  RWIX
  CSM                   00000ae0   00000010  00000010  00000000  RWIX
  ADC_RESULT            00000b00   00000020  00000020  00000000  RWIX
  CPU_TIMER0            00000c00   00000008  00000008  00000000  RWIX
  CPU_TIMER1            00000c08   00000008  00000008  00000000  RWIX
  CPU_TIMER2            00000c10   00000008  00000008  00000000  RWIX
  PIE_CTRL              00000ce0   00000020  0000001a  00000006  RWIX
  PIE_VECT              00000d00   00000100  00000100  00000000  RWIX
  CLA1                  00001400   00000080  00000040  00000040  RWIX
  CLA_CPU_MSGRAM        00001480   00000080  00000000  00000080  RWIX
  CPU_CLA_MSGRAM        00001500   00000080  00000000  00000080  RWIX
  ECANA                 00006000   00000040  00000034  0000000c  RWIX
  ECANA_LAM             00006040   00000040  00000040  00000000  RWIX
  ECANA_MOTS            00006080   00000040  00000040  00000000  RWIX
  ECANA_MOTO            000060c0   00000040  00000040  00000000  RWIX
  ECANA_MBOX            00006100   00000100  00000100  00000000  RWIX
  COMP1                 00006400   00000020  00000014  0000000c  RWIX
  COMP2                 00006420   00000020  00000014  0000000c  RWIX
  COMP3                 00006440   00000020  00000014  0000000c  RWIX
  EPWM1                 00006800   00000040  00000040  00000000  RWIX
  EPWM2                 00006840   00000040  00000040  00000000  RWIX
  EPWM3                 00006880   00000040  00000040  00000000  RWIX
  EPWM4                 000068c0   00000040  00000040  00000000  RWIX
  EPWM5                 00006900   00000040  00000040  00000000  RWIX
  EPWM6                 00006940   00000040  00000040  00000000  RWIX
  EPWM7                 00006980   00000040  00000040  00000000  RWIX
  ECAP1                 00006a00   00000020  00000020  00000000  RWIX
  EQEP1                 00006b00   00000040  00000040  00000000  RWIX
  LINA                  00006c00   00000080  0000004a  00000036  RWIX
  GPIOCTRL              00006f80   00000040  00000040  00000000  RWIX
  GPIODAT               00006fc0   00000020  00000020  00000000  RWIX
  GPIOINT               00006fe0   00000020  0000000c  00000014  RWIX
  SYSTEM                00007010   00000020  00000020  00000000  RWIX
  SPIA                  00007040   00000010  00000010  00000000  RWIX
  SCIA                  00007050   00000010  00000010  00000000  RWIX
  NMIINTRUPT            00007060   00000010  00000010  00000000  RWIX
  XINTRUPT              00007070   00000010  00000010  00000000  RWIX
  ADC                   00007100   00000080  00000050  00000030  RWIX
  SPIB                  00007740   00000010  00000010  00000000  RWIX
  I2CA                  00007900   00000040  00000022  0000001e  RWIX
  dataRAM               00009000   00001000  00000858  000007a8  RWIX
  PARTID                003d7e80   00000001  00000001  00000000  RWIX
  FLASHB                003f4000   00002000  00000000  00002000  RWIX
  CSM_PWL               003f7ff8   00000008  00000008  00000000  RWIX


SECTION ALLOCATION MAP

 output                                  attributes/
section   page    origin      length       input sections
--------  ----  ----------  ----------   ----------------
DevEmuRegsFile 
*          1    00000880    00000004     UNINITIALIZED
                  00000880    00000004     DSP2803x_GlobalVariableDefs.obj (DevEmuRegsFile)

FlashRegsFile 
*          1    00000a80    00000008     UNINITIALIZED
                  00000a80    00000008     DSP2803x_GlobalVariableDefs.obj (FlashRegsFile)

CsmRegsFile 
*          1    00000ae0    00000010     UNINITIALIZED
                  00000ae0    00000010     DSP2803x_GlobalVariableDefs.obj (CsmRegsFile)

AdcResultFile 
*          1    00000b00    00000020     UNINITIALIZED
                  00000b00    00000020     DSP2803x_GlobalVariableDefs.obj (AdcResultFile)

CpuTimer0RegsFile 
*          1    00000c00    00000008     UNINITIALIZED
                  00000c00    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer0RegsFile)

CpuTimer1RegsFile 
*          1    00000c08    00000008     UNINITIALIZED
                  00000c08    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer1RegsFile)

CpuTimer2RegsFile 
*          1    00000c10    00000008     UNINITIALIZED
                  00000c10    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer2RegsFile)

PieCtrlRegsFile 
*          1    00000ce0    0000001a     UNINITIALIZED
                  00000ce0    0000001a     DSP2803x_GlobalVariableDefs.obj (PieCtrlRegsFile)

PieVectTableFile 
*          1    00000d00    00000100     UNINITIALIZED
                  00000d00    00000100     DSP2803x_GlobalVariableDefs.obj (PieVectTableFile)

EmuKeyVar 
*          1    00000d00    00000001     UNINITIALIZED
                  00000d00    00000001     DSP2803x_GlobalVariableDefs.obj (EmuKeyVar)

EmuBModeVar 
*          1    00000d01    00000001     UNINITIALIZED
                  00000d01    00000001     DSP2803x_GlobalVariableDefs.obj (EmuBModeVar)

FlashCallbackVar 
*          1    00000d02    00000002     UNINITIALIZED
                  00000d02    00000002     DSP2803x_GlobalVariableDefs.obj (FlashCallbackVar)

FlashScalingVar 
*          1    00000d04    00000002     UNINITIALIZED
                  00000d04    00000002     DSP2803x_GlobalVariableDefs.obj (FlashScalingVar)

ramfuncs   0    003f0000    00000068     RUN ADDR = 00008000
                  003f0000    00000049     HVBLDC_Sensorless.obj (ramfuncs:retain)
                  003f0049    0000001b     HVBLDC_Sensorless-DevInit_F2803x.obj (ramfuncs)
                  003f0064    00000004     DSP2803x_usDelay.obj (ramfuncs)

.text      0    003f6000    00001aec     
                  003f6000    0000150f     HVBLDC_Sensorless.obj (.text)
                  003f750f    000001bf     HVBLDC_Sensorless-DevInit_F2803x.obj (.text)
                  003f76ce    00000083     rts2800_ml.lib : fd_mpy.obj (.text)
                  003f7751    00000083                    : fs_div.obj (.text)
                  003f77d4    00000078                    : fs_add.obj (.text)
                  003f784c    00000072     DSP2803x_CpuTimers.obj (.text)
                  003f78be    0000005a     rts2800_ml.lib : fs_mpy.obj (.text)
                  003f7918    0000004b     DLOG4CHC.obj (.text)
                  003f7963    00000044     rts2800_ml.lib : boot.obj (.text)
                  003f79a7    0000002a                    : l_div.obj (.text)
                  003f79d1    00000029                    : fs_tol.obj (.text)
                  003f79fa    0000001f                    : fd_tol.obj (.text)
                  003f7a19    0000001c                    : fs_tofd.obj (.text)
                  003f7a35    0000001c                    : l_tofd.obj (.text)
                  003f7a51    0000001a                    : l_tofs.obj (.text)
                  003f7a6b    00000019                    : args_main.obj (.text)
                  003f7a84    00000019                    : exit.obj (.text)
                  003f7a9d    00000016                    : ul_tofd.obj (.text)
                  003f7ab3    00000013                    : ul_tofs.obj (.text)
                  003f7ac6    00000010                    : u_tofs.obj (.text)
                  003f7ad6    00000009                    : _lock.obj (.text)
                  003f7adf    00000008     DSP2803x_CodeStartBranch.obj (.text)
                  003f7ae7    00000005     HVBLDC_Sensorless-DevInit_F2803x.obj (.text:retain)

.cinit     0    003f7aec    0000029a     
                  003f7aec    00000284     HVBLDC_Sensorless.obj (.cinit)
                  003f7d70    0000000a     rts2800_ml.lib : exit.obj (.cinit)
                  003f7d7a    00000005                    : _lock.obj (.cinit:__lock)
                  003f7d7f    00000005                    : _lock.obj (.cinit:__unlock)
                  003f7d84    00000002     --HOLE-- [fill = 0]

IQmath     0    003f7d86    00000047     
                  003f7d86    00000047     IQmath.lib : IQ24div.obj (IQmath)

.econst    0    003f7dce    0000000c     
                  003f7dce    0000000c     HVBLDC_Sensorless.obj (.econst)

codestart 
*          0    003f7ff6    00000002     
                  003f7ff6    00000002     DSP2803x_CodeStartBranch.obj (codestart)

IQmathTables 
*          0    003fe000    00000b50     NOLOAD SECTION
                  003fe000    00000b50     IQmath.lib : IQmathTables.obj (IQmathTables)

.stack     1    00000050    00000380     UNINITIALIZED
                  00000050    00000380     --HOLE--

Cla1RegsFile 
*          1    00001400    00000040     UNINITIALIZED
                  00001400    00000040     DSP2803x_GlobalVariableDefs.obj (Cla1RegsFile)

ECanaRegsFile 
*          1    00006000    00000034     UNINITIALIZED
                  00006000    00000034     DSP2803x_GlobalVariableDefs.obj (ECanaRegsFile)

ECanaLAMRegsFile 
*          1    00006040    00000040     UNINITIALIZED
                  00006040    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaLAMRegsFile)

ECanaMOTSRegsFile 
*          1    00006080    00000040     UNINITIALIZED
                  00006080    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTSRegsFile)

ECanaMOTORegsFile 
*          1    000060c0    00000040     UNINITIALIZED
                  000060c0    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTORegsFile)

ECanaMboxesFile 
*          1    00006100    00000100     UNINITIALIZED
                  00006100    00000100     DSP2803x_GlobalVariableDefs.obj (ECanaMboxesFile)

Comp1RegsFile 
*          1    00006400    00000014     UNINITIALIZED
                  00006400    00000014     DSP2803x_GlobalVariableDefs.obj (Comp1RegsFile)

Comp2RegsFile 
*          1    00006420    00000014     UNINITIALIZED
                  00006420    00000014     DSP2803x_GlobalVariableDefs.obj (Comp2RegsFile)

Comp3RegsFile 
*          1    00006440    00000014     UNINITIALIZED
                  00006440    00000014     DSP2803x_GlobalVariableDefs.obj (Comp3RegsFile)

EPwm1RegsFile 
*          1    00006800    00000040     UNINITIALIZED
                  00006800    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm1RegsFile)

EPwm2RegsFile 
*          1    00006840    00000040     UNINITIALIZED
                  00006840    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm2RegsFile)

EPwm3RegsFile 
*          1    00006880    00000040     UNINITIALIZED
                  00006880    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm3RegsFile)

EPwm4RegsFile 
*          1    000068c0    00000040     UNINITIALIZED
                  000068c0    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm4RegsFile)

EPwm5RegsFile 
*          1    00006900    00000040     UNINITIALIZED
                  00006900    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm5RegsFile)

EPwm6RegsFile 
*          1    00006940    00000040     UNINITIALIZED
                  00006940    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm6RegsFile)

EPwm7RegsFile 
*          1    00006980    00000040     UNINITIALIZED
                  00006980    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm7RegsFile)

ECap1RegsFile 
*          1    00006a00    00000020     UNINITIALIZED
                  00006a00    00000020     DSP2803x_GlobalVariableDefs.obj (ECap1RegsFile)

EQep1RegsFile 
*          1    00006b00    00000040     UNINITIALIZED
                  00006b00    00000040     DSP2803x_GlobalVariableDefs.obj (EQep1RegsFile)

LinaRegsFile 
*          1    00006c00    0000004a     UNINITIALIZED
                  00006c00    0000004a     DSP2803x_GlobalVariableDefs.obj (LinaRegsFile)

GpioCtrlRegsFile 
*          1    00006f80    00000040     UNINITIALIZED
                  00006f80    00000040     DSP2803x_GlobalVariableDefs.obj (GpioCtrlRegsFile)

GpioDataRegsFile 
*          1    00006fc0    00000020     UNINITIALIZED
                  00006fc0    00000020     DSP2803x_GlobalVariableDefs.obj (GpioDataRegsFile)

GpioIntRegsFile 
*          1    00006fe0    0000000c     UNINITIALIZED
                  00006fe0    0000000c     DSP2803x_GlobalVariableDefs.obj (GpioIntRegsFile)

SysCtrlRegsFile 
*          1    00007010    00000020     UNINITIALIZED
                  00007010    00000020     DSP2803x_GlobalVariableDefs.obj (SysCtrlRegsFile)

SpiaRegsFile 
*          1    00007040    00000010     UNINITIALIZED
                  00007040    00000010     DSP2803x_GlobalVariableDefs.obj (SpiaRegsFile)

SciaRegsFile 
*          1    00007050    00000010     UNINITIALIZED
                  00007050    00000010     DSP2803x_GlobalVariableDefs.obj (SciaRegsFile)

NmiIntruptRegsFile 
*          1    00007060    00000010     UNINITIALIZED
                  00007060    00000010     DSP2803x_GlobalVariableDefs.obj (NmiIntruptRegsFile)

XIntruptRegsFile 
*          1    00007070    00000010     UNINITIALIZED
                  00007070    00000010     DSP2803x_GlobalVariableDefs.obj (XIntruptRegsFile)

AdcRegsFile 
*          1    00007100    00000050     UNINITIALIZED
                  00007100    00000050     DSP2803x_GlobalVariableDefs.obj (AdcRegsFile)

SpibRegsFile 
*          1    00007740    00000010     UNINITIALIZED
                  00007740    00000010     DSP2803x_GlobalVariableDefs.obj (SpibRegsFile)

I2caRegsFile 
*          1    00007900    00000022     UNINITIALIZED
                  00007900    00000022     DSP2803x_GlobalVariableDefs.obj (I2caRegsFile)

.ebss      1    00009640    00000218     UNINITIALIZED
                  00009640    000001f2     HVBLDC_Sensorless.obj (.ebss)
                  00009832    00000004     rts2800_ml.lib : exit.obj (.ebss)
                  00009836    00000002                    : _lock.obj (.ebss:__lock)
                  00009838    00000002                    : _lock.obj (.ebss:__unlock)
                  0000983a    00000006     --HOLE--
                  00009840    00000018     DSP2803x_CpuTimers.obj (.ebss)

PartIdRegsFile 
*          1    003d7e80    00000001     UNINITIALIZED
                  003d7e80    00000001     DSP2803x_GlobalVariableDefs.obj (PartIdRegsFile)

CsmPwlFile 
*          1    003f7ff8    00000008     UNINITIALIZED
                  003f7ff8    00000008     DSP2803x_GlobalVariableDefs.obj (CsmPwlFile)

.pinit     0    003f6000    00000000     UNINITIALIZED

.reset     0    003fffc0    00000002     DSECT
                  003fffc0    00000002     rts2800_ml.lib : boot.obj (.reset)

vectors    0    003fffc2    00000000     DSECT

DLOG       1    00009000    00000640     UNINITIALIZED
                  00009000    00000640     DLOG4CHC.obj (DLOG)


GLOBAL DATA SYMBOLS: SORTED BY DATA PAGE

address     data page           name
--------    ----------------    ----
00000050       1 (00000040)     __stack

00000880      22 (00000880)     _DevEmuRegs

00000a80      2a (00000a80)     _FlashRegs

00000ae0      2b (00000ac0)     _CsmRegs

00000b00      2c (00000b00)     _AdcResult

00000c00      30 (00000c00)     _CpuTimer0Regs
00000c08      30 (00000c00)     _CpuTimer1Regs
00000c10      30 (00000c00)     _CpuTimer2Regs

00000ce0      33 (00000cc0)     _PieCtrlRegs

00000d00      34 (00000d00)     _EmuKey
00000d00      34 (00000d00)     _PieVectTable
00000d01      34 (00000d00)     _EmuBMode
00000d02      34 (00000d00)     _Flash_CallbackPtr
00000d04      34 (00000d00)     _Flash_CPUScaleFactor

00001400      50 (00001400)     _Cla1Regs

00006000     180 (00006000)     _ECanaRegs

00006040     181 (00006040)     _ECanaLAMRegs

00006080     182 (00006080)     _ECanaMOTSRegs

000060c0     183 (000060c0)     _ECanaMOTORegs

00006100     184 (00006100)     _ECanaMboxes

00006400     190 (00006400)     _Comp1Regs
00006420     190 (00006400)     _Comp2Regs

00006440     191 (00006440)     _Comp3Regs

00006800     1a0 (00006800)     _EPwm1Regs

00006840     1a1 (00006840)     _EPwm2Regs

00006880     1a2 (00006880)     _EPwm3Regs

000068c0     1a3 (000068c0)     _EPwm4Regs

00006900     1a4 (00006900)     _EPwm5Regs

00006940     1a5 (00006940)     _EPwm6Regs

00006980     1a6 (00006980)     _EPwm7Regs

00006a00     1a8 (00006a00)     _ECap1Regs

00006b00     1ac (00006b00)     _EQep1Regs

00006c00     1b0 (00006c00)     _LinaRegs

00006f80     1be (00006f80)     _GpioCtrlRegs

00006fc0     1bf (00006fc0)     _GpioDataRegs
00006fe0     1bf (00006fc0)     _GpioIntRegs

00007010     1c0 (00007000)     _SysCtrlRegs

00007040     1c1 (00007040)     _SpiaRegs
00007050     1c1 (00007040)     _SciaRegs
00007060     1c1 (00007040)     _NmiIntruptRegs
00007070     1c1 (00007040)     _XIntruptRegs

00007100     1c4 (00007100)     _AdcRegs

00007740     1dd (00007740)     _SpibRegs

00007900     1e4 (00007900)     _I2caRegs

00009640     259 (00009640)     _Period
00009641     259 (00009640)     _AstromSwitch
00009642     259 (00009640)     _IsSettled
00009643     259 (00009640)     _GPR0_BLDC_PWM
00009644     259 (00009640)     _HallGpioBitA
00009645     259 (00009640)     _RoundsFlag
00009646     259 (00009640)     _RunForward
00009647     259 (00009640)     _BackTicker
00009648     259 (00009640)     _PreviousState
00009649     259 (00009640)     _TripFlagDMC
0000964a     259 (00009640)     _AlignFlag
0000964b     259 (00009640)     _LoopCount
0000964c     259 (00009640)     _Astrom
0000964d     259 (00009640)     _SerialCommsTimer
0000964e     259 (00009640)     _currentDirection
0000964f     259 (00009640)     _HallGpioBitC
00009650     259 (00009640)     _HallGpioBitB
00009651     259 (00009640)     _HallPointer
00009652     259 (00009640)     _i
00009653     259 (00009640)     _currentOperation
00009654     259 (00009640)     _DlogCh3
00009655     259 (00009640)     _DlogCh4
00009656     259 (00009640)     _DlogCh2
00009657     259 (00009640)     _SpeedLoopFlag
00009658     259 (00009640)     _DlogCh1
00009659     259 (00009640)     _ILoopFlag
0000965a     259 (00009640)     _DFuncDesired
0000965b     259 (00009640)     _DfuncTesting
0000965c     259 (00009640)     _CurrentLoopFlag
0000965d     259 (00009640)     _ClosedLoopFlag
0000965e     259 (00009640)     _EnableFlag
0000965f     259 (00009640)     _Start
00009660     259 (00009640)     _sprang
00009662     259 (00009640)     _T
00009664     259 (00009640)     _testVariable
00009666     259 (00009640)     _DesiredRounds
00009668     259 (00009640)     _Counter2
0000966a     259 (00009640)     _CurrentPeriod
0000966c     259 (00009640)     _RevolutionPeriod
0000966e     259 (00009640)     _CurrentCounter
00009670     259 (00009640)     _RampCounter
00009672     259 (00009640)     _VirtualTimer
00009674     259 (00009640)     _DesiredCurrent
00009676     259 (00009640)     _DesiredSpeed
00009678     259 (00009640)     _TotalRounds
0000967a     259 (00009640)     _SettleCounter
0000967c     259 (00009640)     _IsrTicker
0000967e     259 (00009640)     _DCbus_current

00009680     25a (00009680)     _CurrentSet
00009682     25a (00009680)     _tempIdc
00009684     25a (00009680)     _SpeedRef
00009686     25a (00009680)     _MeanCurrent2
00009688     25a (00009680)     _MeanCurrent
0000968a     25a (00009680)     _SumCurrent2
0000968c     25a (00009680)     _SumCurrent
0000968e     25a (00009680)     _test
00009690     25a (00009680)     _AlignDuty
00009692     25a (00009680)     _A_Task_Ptr
00009694     25a (00009680)     _B_Task_Ptr
00009696     25a (00009680)     _temp
00009698     25a (00009680)     _Alpha_State_Ptr
0000969a     25a (00009680)     _C_Task_Ptr
0000969c     25a (00009680)     _RampDelay
0000969e     25a (00009680)     _CmtnPeriodSetpt
000096a0     25a (00009680)     _peak
000096a2     25a (00009680)     _CurrentOffset
000096a4     25a (00009680)     _RPM
000096a6     25a (00009680)     _Tmp
000096a8     25a (00009680)     _CmtnPeriodTarget
000096aa     25a (00009680)     _timerFreq
000096ac     25a (00009680)     _eCAP
000096b0     25a (00009680)     _eQEP
000096b4     25a (00009680)     _VTimer1
000096b8     25a (00009680)     _VTimer0
000096bc     25a (00009680)     _VTimer2

000096c0     25b (000096c0)     _pwm1
000096c6     25b (000096c0)     _pwmdac1
000096cc     25b (000096c0)     _impl1
000096d2     25b (000096c0)     _mod1
000096d8     25b (000096c0)     _rmp2
000096e2     25b (000096c0)     _rmp3
000096ee     25b (000096c0)     _ePWM

00009700     25c (00009700)     _TrigSel
00009710     25c (00009700)     _ACQPS
00009720     25c (00009700)     _rc1
00009730     25c (00009700)     _ChSel

00009740     25d (00009740)     _hall1
00009752     25d (00009740)     _speed1
00009766     25d (00009740)     _speed2

00009780     25e (00009780)     _qep1
00009796     25e (00009780)     _dlog

000097c0     25f (000097c0)     _pid1_idc
000097d8     25f (000097c0)     _pid1_spd

00009800     260 (00009800)     _cmtn1
00009832     260 (00009800)     ___TI_cleanup_ptr
00009834     260 (00009800)     ___TI_dtors_ptr
00009836     260 (00009800)     __lock
00009838     260 (00009800)     __unlock

00009840     261 (00009840)     _CpuTimer1
00009848     261 (00009840)     _CpuTimer2
00009850     261 (00009840)     _CpuTimer0

003d7e80    f5fa (003d7e80)     _PartIdRegs

003f7d86    fdf6 (003f7d80)     __IQ24div

003f7ff8    fdff (003f7fc0)     _CsmPwl

003fe000    ff80 (003fe000)     _IQsinTable

003fe100    ff84 (003fe100)     _IQcosTable

003fe400    ff90 (003fe400)     _IQsinTableEnd

003fe502    ff94 (003fe500)     _IQcosTableEnd
003fe502    ff94 (003fe500)     _IQdivRoundSatTable
003fe510    ff94 (003fe500)     _IQdivTable

003fe712    ff9c (003fe700)     _IQdivTableEnd
003fe712    ff9c (003fe700)     _IQisqrtRoundSatTable
003fe712    ff9c (003fe700)     _IQsqrtRoundSatTable
003fe722    ff9c (003fe700)     _IQisqrtTable
003fe722    ff9c (003fe700)     _IQsqrtTable

003fe824    ffa0 (003fe800)     _IQatan2HalfPITable
003fe824    ffa0 (003fe800)     _IQisqrtTableEnd
003fe824    ffa0 (003fe800)     _IQsqrtTableEnd

003fe862    ffa1 (003fe840)     _IQatan2Table

003fe9e8    ffa7 (003fe9c0)     _IQ30mpyRndSatTable
003fe9e8    ffa7 (003fe9c0)     _IQatan2TableEnd
003fe9e8    ffa7 (003fe9c0)     _IQmpyRndSatTable
003fe9f4    ffa7 (003fe9c0)     _IQ29mpyRndSatTable

003fea00    ffa8 (003fea00)     _IQ28mpyRndSatTable
003fea0c    ffa8 (003fea00)     _IQ27mpyRndSatTable
003fea18    ffa8 (003fea00)     _IQ26mpyRndSatTable
003fea24    ffa8 (003fea00)     _IQ25mpyRndSatTable
003fea30    ffa8 (003fea00)     _IQ24mpyRndSatTable
003fea3c    ffa8 (003fea00)     _IQ23mpyRndSatTable

003fea48    ffa9 (003fea40)     _IQ22mpyRndSatTable
003fea54    ffa9 (003fea40)     _IQ21mpyRndSatTable
003fea60    ffa9 (003fea40)     _IQ20mpyRndSatTable
003fea6c    ffa9 (003fea40)     _IQ19mpyRndSatTable
003fea78    ffa9 (003fea40)     _IQ18mpyRndSatTable

003fea84    ffaa (003fea80)     _IQ17mpyRndSatTable
003fea90    ffaa (003fea80)     _IQ16mpyRndSatTable
003fea9c    ffaa (003fea80)     _IQ15mpyRndSatTable
003feaa8    ffaa (003fea80)     _IQ14mpyRndSatTable
003feab4    ffaa (003fea80)     _IQ13mpyRndSatTable

003feac0    ffab (003feac0)     _IQ12mpyRndSatTable
003feacc    ffab (003feac0)     _IQ11mpyRndSatTable
003fead8    ffab (003feac0)     _IQ10mpyRndSatTable
003feae4    ffab (003feac0)     _IQ9mpyRndSatTable
003feaf0    ffab (003feac0)     _IQ8mpyRndSatTable
003feafc    ffab (003feac0)     _IQ7mpyRndSatTable

003feb08    ffac (003feb00)     _IQ6mpyRndSatTable
003feb14    ffac (003feb00)     _IQ5mpyRndSatTable
003feb20    ffac (003feb00)     _IQ4mpyRndSatTable
003feb2c    ffac (003feb00)     _IQ3mpyRndSatTable
003feb38    ffac (003feb00)     _IQ2mpyRndSatTable

003feb44    ffad (003feb40)     _IQ1mpyRndSatTable
003feb50    ffad (003feb40)     _IQmpyRndSatTableEnd


GLOBAL SYMBOLS: SORTED ALPHABETICALLY BY Name 

page  address   name                 
----  -------   ----                 
0     003f6000  .text                
0     003f7a84  C$$EXIT              
0     003f76ce  FD$$MPY              
0     003f79fa  FD$$TOL              
0     003f77d9  FS$$ADD              
0     003f7751  FS$$DIV              
0     003f78be  FS$$MPY              
0     003f77d4  FS$$SUB              
0     003f7a19  FS$$TOFD             
0     003f79d1  FS$$TOL              
0     003f79a7  L$$DIV               
0     003f79b6  L$$MOD               
0     003f7a35  L$$TOFD              
0     003f7a51  L$$TOFS              
0     003f7ac6  U$$TOFS              
0     003f79c4  UL$$DIV              
0     003f79cb  UL$$MOD              
0     003f7a9d  UL$$TOFD             
0     003f7ab3  UL$$TOFS             
0     003f64cf  _A0                  
0     003f64fe  _A1                  
0     003f6504  _A2                  
0     003f650a  _A3                  
1     00009710  _ACQPS               
1     00009692  _A_Task_Ptr          
1     00007100  _AdcRegs             
1     00000b00  _AdcResult           
1     00009690  _AlignDuty           
1     0000964a  _AlignFlag           
1     00009698  _Alpha_State_Ptr     
1     0000964c  _Astrom              
1     00009641  _AstromSwitch        
0     003f64e8  _B0                  
0     003f6510  _B1                  
0     003f6536  _B2                  
0     003f653c  _B3                  
1     00009694  _B_Task_Ptr          
1     00009647  _BackTicker          
1     0000969a  _C_Task_Ptr          
0     003f7481  _CalcCurrent         
1     00009730  _ChSel               
1     00001400  _Cla1Regs            
1     0000965d  _ClosedLoopFlag      
1     0000969e  _CmtnPeriodSetpt     
1     000096a8  _CmtnPeriodTarget    
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
0     003f788d  _ConfigCpuTimer      
1     00009668  _Counter2            
1     00009850  _CpuTimer0           
1     00000c00  _CpuTimer0Regs       
1     00009840  _CpuTimer1           
1     00000c08  _CpuTimer1Regs       
1     00009848  _CpuTimer2           
1     00000c10  _CpuTimer2Regs       
1     003f7ff8  _CsmPwl              
1     00000ae0  _CsmRegs             
1     0000966e  _CurrentCounter      
1     0000965c  _CurrentLoopFlag     
1     000096a2  _CurrentOffset       
1     0000966a  _CurrentPeriod       
1     00009680  _CurrentSet          
1     0000967e  _DCbus_current       
1     0000965a  _DFuncDesired        
0     003f7918  _DLOG_4CH_init       
0     003f7923  _DLOG_4CH_update     
0     00008064  _DSP28x_usDelay      
1     00009674  _DesiredCurrent      
1     00009666  _DesiredRounds       
1     00009676  _DesiredSpeed        
1     00000880  _DevEmuRegs          
0     003f750f  _DeviceInit          
1     0000965b  _DfuncTesting        
1     00009658  _DlogCh1             
1     00009656  _DlogCh2             
1     00009654  _DlogCh3             
1     00009655  _DlogCh4             
1     00006040  _ECanaLAMRegs        
1     000060c0  _ECanaMOTORegs       
1     00006080  _ECanaMOTSRegs       
1     00006100  _ECanaMboxes         
1     00006000  _ECanaRegs           
1     00006a00  _ECap1Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006b00  _EQep1Regs           
1     00000d01  _EmuBMode            
1     00000d00  _EmuKey              
1     0000965e  _EnableFlag          
1     00000a80  _FlashRegs           
1     00000d04  _Flash_CPUScaleFactor
1     00000d02  _Flash_CallbackPtr   
1     00009643  _GPR0_BLDC_PWM       
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
0     003f74c9  _HVDMC_Protection    
1     00009644  _HallGpioBitA        
1     00009650  _HallGpioBitB        
1     0000964f  _HallGpioBitC        
1     00009651  _HallPointer         
1     00007900  _I2caRegs            
1     00009659  _ILoopFlag           
0     003fead8  _IQ10mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003feb44  _IQ1mpyRndSatTable   
0     003fea60  _IQ20mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fe9f4  _IQ29mpyRndSatTable  
0     003feb38  _IQ2mpyRndSatTable   
0     003fe9e8  _IQ30mpyRndSatTable  
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feae4  _IQ9mpyRndSatTable   
0     003fe824  _IQatan2HalfPITable  
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQatan2TableEnd     
0     003fe100  _IQcosTable          
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe722  _IQisqrtTable        
0     003fe824  _IQisqrtTableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003feb50  _IQmpyRndSatTableEnd 
0     003fe000  _IQsinTable          
0     003fe400  _IQsinTableEnd       
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQsqrtTable         
0     003fe824  _IQsqrtTableEnd      
0     003f7ae7  _ISR_ILLEGAL         
0     003f784c  _InitCpuTimers       
0     00008049  _InitFlash           
1     00009642  _IsSettled           
1     0000967c  _IsrTicker           
1     00006c00  _LinaRegs            
1     0000964b  _LoopCount           
0     00008000  _MainISR             
1     00009688  _MeanCurrent         
1     00009686  _MeanCurrent2        
0     003f76b9  _MemCopy             
1     00007060  _NmiIntruptRegs      
0     003f7642  _PLLset              
1     003d7e80  _PartIdRegs          
1     00009640  _Period              
0     003f767c  _PieCntlInit         
1     00000ce0  _PieCtrlRegs         
1     00000d00  _PieVectTable        
0     003f769b  _PieVectTableInit    
1     00009648  _PreviousState       
1     000096a4  _RPM                 
0     003f0068  _RamfuncsLoadEnd     
0     003f0000  _RamfuncsLoadStart   
0     00008000  _RamfuncsRunStart    
1     00009670  _RampCounter         
1     0000969c  _RampDelay           
1     0000966c  _RevolutionPeriod    
1     00009645  _RoundsFlag          
0     003f6542  _Run                 
1     00009646  _RunForward          
1     00007050  _SciaRegs            
1     0000964d  _SerialCommsTimer    
1     0000967a  _SettleCounter       
1     00009657  _SpeedLoopFlag       
1     00009684  _SpeedRef            
1     00007040  _SpiaRegs            
1     00007740  _SpibRegs            
1     0000965f  _Start               
1     0000968c  _SumCurrent          
1     0000968a  _SumCurrent2         
1     00007010  _SysCtrlRegs         
1     00009662  _T                   
1     000096a6  _Tmp                 
1     00009678  _TotalRounds         
1     00009700  _TrigSel             
1     00009649  _TripFlagDMC         
1     000096b8  _VTimer0             
1     000096b4  _VTimer1             
1     000096bc  _VTimer2             
1     00009672  _VirtualTimer        
0     003f763a  _WDogDisable         
1     00007070  _XIntruptRegs        
0     003f7d86  __IQ24div            
1     000003d0  __STACK_END          
abs   00000380  __STACK_SIZE         
1     00009832  ___TI_cleanup_ptr    
1     00009834  ___TI_dtors_ptr      
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
0     003f7aec  ___cinit__           
0     003f7aec  ___etext__           
abs   ffffffff  ___pinit__           
0     003f6000  ___text__            
0     003f7a6b  __args_main          
1     00009836  __lock               
0     003f7ade  __nop                
0     003f7ada  __register_lock      
0     003f7ad6  __register_unlock    
1     00000050  __stack              
1     00009838  __unlock             
0     003f7a84  _abort               
0     003f7963  _c_int00             
1     00009800  _cmtn1               
1     0000964e  _currentDirection    
1     00009653  _currentOperation    
1     00009796  _dlog                
1     000096ac  _eCAP                
1     000096ee  _ePWM                
1     000096b0  _eQEP                
0     003f7a86  _exit                
1     00009740  _hall1               
1     00009652  _i                   
1     000096cc  _impl1               
0     003f70d5  _initValues          
0     003f6000  _main                
1     000096d2  _mod1                
1     000096a0  _peak                
1     000097c0  _pid1_idc            
1     000097d8  _pid1_spd            
1     000096c0  _pwm1                
1     000096c6  _pwmdac1             
1     00009780  _qep1                
0     003f701f  _qepMeasure          
1     00009720  _rc1                 
1     000096d8  _rmp2                
1     000096e2  _rmp3                
1     00009752  _speed1              
1     00009766  _speed2              
1     00009660  _sprang              
1     00009696  _temp                
1     00009682  _tempIdc             
1     0000968e  _test                
1     00009664  _testVariable        
1     000096aa  _timerFreq           
abs   ffffffff  binit                
0     003f7aec  cinit                
0     003f7ff6  code_start           
0     003f7aec  etext                
abs   ffffffff  pinit                


GLOBAL SYMBOLS: SORTED BY Symbol Address 

page  address   name                 
----  -------   ----                 
0     00008000  _MainISR             
0     00008000  _RamfuncsRunStart    
0     00008049  _InitFlash           
0     00008064  _DSP28x_usDelay      
0     003f0000  _RamfuncsLoadStart   
0     003f0068  _RamfuncsLoadEnd     
0     003f6000  .text                
0     003f6000  ___text__            
0     003f6000  _main                
0     003f64cf  _A0                  
0     003f64e8  _B0                  
0     003f64fe  _A1                  
0     003f6504  _A2                  
0     003f650a  _A3                  
0     003f6510  _B1                  
0     003f6536  _B2                  
0     003f653c  _B3                  
0     003f6542  _Run                 
0     003f701f  _qepMeasure          
0     003f70d5  _initValues          
0     003f7481  _CalcCurrent         
0     003f74c9  _HVDMC_Protection    
0     003f750f  _DeviceInit          
0     003f763a  _WDogDisable         
0     003f7642  _PLLset              
0     003f767c  _PieCntlInit         
0     003f769b  _PieVectTableInit    
0     003f76b9  _MemCopy             
0     003f76ce  FD$$MPY              
0     003f7751  FS$$DIV              
0     003f77d4  FS$$SUB              
0     003f77d9  FS$$ADD              
0     003f784c  _InitCpuTimers       
0     003f788d  _ConfigCpuTimer      
0     003f78be  FS$$MPY              
0     003f7918  _DLOG_4CH_init       
0     003f7923  _DLOG_4CH_update     
0     003f7963  _c_int00             
0     003f79a7  L$$DIV               
0     003f79b6  L$$MOD               
0     003f79c4  UL$$DIV              
0     003f79cb  UL$$MOD              
0     003f79d1  FS$$TOL              
0     003f79fa  FD$$TOL              
0     003f7a19  FS$$TOFD             
0     003f7a35  L$$TOFD              
0     003f7a51  L$$TOFS              
0     003f7a6b  __args_main          
0     003f7a84  C$$EXIT              
0     003f7a84  _abort               
0     003f7a86  _exit                
0     003f7a9d  UL$$TOFD             
0     003f7ab3  UL$$TOFS             
0     003f7ac6  U$$TOFS              
0     003f7ad6  __register_unlock    
0     003f7ada  __register_lock      
0     003f7ade  __nop                
0     003f7ae7  _ISR_ILLEGAL         
0     003f7aec  ___cinit__           
0     003f7aec  ___etext__           
0     003f7aec  cinit                
0     003f7aec  etext                
0     003f7d86  __IQ24div            
0     003f7ff6  code_start           
0     003fe000  _IQsinTable          
0     003fe100  _IQcosTable          
0     003fe400  _IQsinTableEnd       
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQisqrtTable        
0     003fe722  _IQsqrtTable         
0     003fe824  _IQatan2HalfPITable  
0     003fe824  _IQisqrtTableEnd     
0     003fe824  _IQsqrtTableEnd      
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQ30mpyRndSatTable  
0     003fe9e8  _IQatan2TableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003fe9f4  _IQ29mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea60  _IQ20mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003fead8  _IQ10mpyRndSatTable  
0     003feae4  _IQ9mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb38  _IQ2mpyRndSatTable   
0     003feb44  _IQ1mpyRndSatTable   
0     003feb50  _IQmpyRndSatTableEnd 
1     00000050  __stack              
1     000003d0  __STACK_END          
1     00000880  _DevEmuRegs          
1     00000a80  _FlashRegs           
1     00000ae0  _CsmRegs             
1     00000b00  _AdcResult           
1     00000c00  _CpuTimer0Regs       
1     00000c08  _CpuTimer1Regs       
1     00000c10  _CpuTimer2Regs       
1     00000ce0  _PieCtrlRegs         
1     00000d00  _EmuKey              
1     00000d00  _PieVectTable        
1     00000d01  _EmuBMode            
1     00000d02  _Flash_CallbackPtr   
1     00000d04  _Flash_CPUScaleFactor
1     00001400  _Cla1Regs            
1     00006000  _ECanaRegs           
1     00006040  _ECanaLAMRegs        
1     00006080  _ECanaMOTSRegs       
1     000060c0  _ECanaMOTORegs       
1     00006100  _ECanaMboxes         
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006a00  _ECap1Regs           
1     00006b00  _EQep1Regs           
1     00006c00  _LinaRegs            
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
1     00007010  _SysCtrlRegs         
1     00007040  _SpiaRegs            
1     00007050  _SciaRegs            
1     00007060  _NmiIntruptRegs      
1     00007070  _XIntruptRegs        
1     00007100  _AdcRegs             
1     00007740  _SpibRegs            
1     00007900  _I2caRegs            
1     00009640  _Period              
1     00009641  _AstromSwitch        
1     00009642  _IsSettled           
1     00009643  _GPR0_BLDC_PWM       
1     00009644  _HallGpioBitA        
1     00009645  _RoundsFlag          
1     00009646  _RunForward          
1     00009647  _BackTicker          
1     00009648  _PreviousState       
1     00009649  _TripFlagDMC         
1     0000964a  _AlignFlag           
1     0000964b  _LoopCount           
1     0000964c  _Astrom              
1     0000964d  _SerialCommsTimer    
1     0000964e  _currentDirection    
1     0000964f  _HallGpioBitC        
1     00009650  _HallGpioBitB        
1     00009651  _HallPointer         
1     00009652  _i                   
1     00009653  _currentOperation    
1     00009654  _DlogCh3             
1     00009655  _DlogCh4             
1     00009656  _DlogCh2             
1     00009657  _SpeedLoopFlag       
1     00009658  _DlogCh1             
1     00009659  _ILoopFlag           
1     0000965a  _DFuncDesired        
1     0000965b  _DfuncTesting        
1     0000965c  _CurrentLoopFlag     
1     0000965d  _ClosedLoopFlag      
1     0000965e  _EnableFlag          
1     0000965f  _Start               
1     00009660  _sprang              
1     00009662  _T                   
1     00009664  _testVariable        
1     00009666  _DesiredRounds       
1     00009668  _Counter2            
1     0000966a  _CurrentPeriod       
1     0000966c  _RevolutionPeriod    
1     0000966e  _CurrentCounter      
1     00009670  _RampCounter         
1     00009672  _VirtualTimer        
1     00009674  _DesiredCurrent      
1     00009676  _DesiredSpeed        
1     00009678  _TotalRounds         
1     0000967a  _SettleCounter       
1     0000967c  _IsrTicker           
1     0000967e  _DCbus_current       
1     00009680  _CurrentSet          
1     00009682  _tempIdc             
1     00009684  _SpeedRef            
1     00009686  _MeanCurrent2        
1     00009688  _MeanCurrent         
1     0000968a  _SumCurrent2         
1     0000968c  _SumCurrent          
1     0000968e  _test                
1     00009690  _AlignDuty           
1     00009692  _A_Task_Ptr          
1     00009694  _B_Task_Ptr          
1     00009696  _temp                
1     00009698  _Alpha_State_Ptr     
1     0000969a  _C_Task_Ptr          
1     0000969c  _RampDelay           
1     0000969e  _CmtnPeriodSetpt     
1     000096a0  _peak                
1     000096a2  _CurrentOffset       
1     000096a4  _RPM                 
1     000096a6  _Tmp                 
1     000096a8  _CmtnPeriodTarget    
1     000096aa  _timerFreq           
1     000096ac  _eCAP                
1     000096b0  _eQEP                
1     000096b4  _VTimer1             
1     000096b8  _VTimer0             
1     000096bc  _VTimer2             
1     000096c0  _pwm1                
1     000096c6  _pwmdac1             
1     000096cc  _impl1               
1     000096d2  _mod1                
1     000096d8  _rmp2                
1     000096e2  _rmp3                
1     000096ee  _ePWM                
1     00009700  _TrigSel             
1     00009710  _ACQPS               
1     00009720  _rc1                 
1     00009730  _ChSel               
1     00009740  _hall1               
1     00009752  _speed1              
1     00009766  _speed2              
1     00009780  _qep1                
1     00009796  _dlog                
1     000097c0  _pid1_idc            
1     000097d8  _pid1_spd            
1     00009800  _cmtn1               
1     00009832  ___TI_cleanup_ptr    
1     00009834  ___TI_dtors_ptr      
1     00009836  __lock               
1     00009838  __unlock             
1     00009840  _CpuTimer1           
1     00009848  _CpuTimer2           
1     00009850  _CpuTimer0           
1     003d7e80  _PartIdRegs          
1     003f7ff8  _CsmPwl              
abs   00000380  __STACK_SIZE         
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
abs   ffffffff  ___pinit__           
abs   ffffffff  binit                
abs   ffffffff  pinit                

[266 symbols]







Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored.map

******************************************************************************
             TMS320C2000 Linker PC v6.4.2                      
******************************************************************************
>> Linked Sat Jun 13 18:43:58 2015

OUTPUT FILE NAME:   <HVPM_Sensored.out>
ENTRY POINT SYMBOL: "_c_int00"  address: 003f6a23


MEMORY CONFIGURATION

         name            origin    length      used     unused   attr    fill
----------------------  --------  ---------  --------  --------  ----  --------
PAGE 0:
  progRAM               00008000   00001000  000004cb  00000b35  RWIX
  OTP                   003d7800   00000400  00000000  00000400  RWIX
  FLASHH                003e8000   00002000  00000000  00002000  RWIX
  FLASHG                003ea000   00002000  00000000  00002000  RWIX
  FLASHF                003ec000   00002000  00000000  00002000  RWIX
  FLASHE                003ee000   00002000  00000000  00002000  RWIX
  FLASHD                003f0000   00002000  000004cb  00001b35  RWIX
  FLASHC                003f2000   00002000  00000000  00002000  RWIX
  FLASHA                003f6000   00001f80  00000dd5  000011ab  RWIX
  CSM_RSVD              003f7f80   00000076  00000000  00000076  RWIX
  BEGIN                 003f7ff6   00000002  00000002  00000000  RWIX
  CSM_PWL               003f7ff8   00000008  00000000  00000008  RWIX
  IQTABLES              003fe000   00000b50  00000b50  00000000  RWIX
  IQTABLES2             003feb50   0000008c  00000000  0000008c  RWIX
  IQTABLES3             003febdc   000000aa  00000000  000000aa  RWIX
  BOOTROM               003ff27c   00000d44  00000000  00000d44  RWIX
  RESET                 003fffc0   00000002  00000000  00000002  RWIX
  VECTORS               003fffc2   0000003e  00000000  0000003e  RWIX

PAGE 1:
  BOOT_RSVD             00000000   00000050  00000000  00000050  RWIX
  RAMM0                 00000050   000003b0  00000380  00000030  RWIX
  RAMM1                 00000400   00000400  00000000  00000400  RWIX
  DEV_EMU               00000880   00000105  00000004  00000101  RWIX
  SYS_PWR_CTL           00000985   00000003  00000000  00000003  RWIX
  FLASH_REGS            00000a80   00000060  00000008  00000058  RWIX
  CSM                   00000ae0   00000010  00000010  00000000  RWIX
  ADC_RESULT            00000b00   00000020  00000020  00000000  RWIX
  CPU_TIMER0            00000c00   00000008  00000008  00000000  RWIX
  CPU_TIMER1            00000c08   00000008  00000008  00000000  RWIX
  CPU_TIMER2            00000c10   00000008  00000008  00000000  RWIX
  PIE_CTRL              00000ce0   00000020  0000001a  00000006  RWIX
  PIE_VECT              00000d00   00000100  00000100  00000000  RWIX
  CLA1                  00001400   00000080  00000040  00000040  RWIX
  CLA_CPU_MSGRAM        00001480   00000080  00000000  00000080  RWIX
  CPU_CLA_MSGRAM        00001500   00000080  00000000  00000080  RWIX
  ECANA                 00006000   00000040  00000034  0000000c  RWIX
  ECANA_LAM             00006040   00000040  00000040  00000000  RWIX
  ECANA_MOTS            00006080   00000040  00000040  00000000  RWIX
  ECANA_MOTO            000060c0   00000040  00000040  00000000  RWIX
  ECANA_MBOX            00006100   00000100  00000100  00000000  RWIX
  COMP1                 00006400   00000020  00000014  0000000c  RWIX
  COMP2                 00006420   00000020  00000014  0000000c  RWIX
  COMP3                 00006440   00000020  00000014  0000000c  RWIX
  EPWM1                 00006800   00000040  00000040  00000000  RWIX
  EPWM2                 00006840   00000040  00000040  00000000  RWIX
  EPWM3                 00006880   00000040  00000040  00000000  RWIX
  EPWM4                 000068c0   00000040  00000040  00000000  RWIX
  EPWM5                 00006900   00000040  00000040  00000000  RWIX
  EPWM6                 00006940   00000040  00000040  00000000  RWIX
  EPWM7                 00006980   00000040  00000040  00000000  RWIX
  ECAP1                 00006a00   00000020  00000020  00000000  RWIX
  EQEP1                 00006b00   00000040  00000040  00000000  RWIX
  LINA                  00006c00   00000080  0000004a  00000036  RWIX
  GPIOCTRL              00006f80   00000040  00000040  00000000  RWIX
  GPIODAT               00006fc0   00000020  00000020  00000000  RWIX
  GPIOINT               00006fe0   00000020  0000000c  00000014  RWIX
  SYSTEM                00007010   00000020  00000020  00000000  RWIX
  SPIA                  00007040   00000010  00000010  00000000  RWIX
  SCIA                  00007050   00000010  00000010  00000000  RWIX
  NMIINTRUPT            00007060   00000010  00000010  00000000  RWIX
  XINTRUPT              00007070   00000010  00000010  00000000  RWIX
  ADC                   00007100   00000080  00000050  00000030  RWIX
  SPIB                  00007740   00000010  00000010  00000000  RWIX
  I2CA                  00007900   00000040  00000022  0000001e  RWIX
  dataRAM               00009000   00001000  000004d8  00000b28  RWIX
  PARTID                003d7e80   00000001  00000001  00000000  RWIX
  FLASHB                003f4000   00002000  00000000  00002000  RWIX
  CSM_PWL               003f7ff8   00000008  00000008  00000000  RWIX


SECTION ALLOCATION MAP

 output                                  attributes/
section   page    origin      length       input sections
--------  ----  ----------  ----------   ----------------
DevEmuRegsFile 
*          1    00000880    00000004     UNINITIALIZED
                  00000880    00000004     DSP2803x_GlobalVariableDefs.obj (DevEmuRegsFile)

FlashRegsFile 
*          1    00000a80    00000008     UNINITIALIZED
                  00000a80    00000008     DSP2803x_GlobalVariableDefs.obj (FlashRegsFile)

CsmRegsFile 
*          1    00000ae0    00000010     UNINITIALIZED
                  00000ae0    00000010     DSP2803x_GlobalVariableDefs.obj (CsmRegsFile)

AdcResultFile 
*          1    00000b00    00000020     UNINITIALIZED
                  00000b00    00000020     DSP2803x_GlobalVariableDefs.obj (AdcResultFile)

CpuTimer0RegsFile 
*          1    00000c00    00000008     UNINITIALIZED
                  00000c00    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer0RegsFile)

CpuTimer1RegsFile 
*          1    00000c08    00000008     UNINITIALIZED
                  00000c08    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer1RegsFile)

CpuTimer2RegsFile 
*          1    00000c10    00000008     UNINITIALIZED
                  00000c10    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer2RegsFile)

PieCtrlRegsFile 
*          1    00000ce0    0000001a     UNINITIALIZED
                  00000ce0    0000001a     DSP2803x_GlobalVariableDefs.obj (PieCtrlRegsFile)

PieVectTableFile 
*          1    00000d00    00000100     UNINITIALIZED
                  00000d00    00000100     DSP2803x_GlobalVariableDefs.obj (PieVectTableFile)

EmuKeyVar 
*          1    00000d00    00000001     UNINITIALIZED
                  00000d00    00000001     DSP2803x_GlobalVariableDefs.obj (EmuKeyVar)

EmuBModeVar 
*          1    00000d01    00000001     UNINITIALIZED
                  00000d01    00000001     DSP2803x_GlobalVariableDefs.obj (EmuBModeVar)

FlashCallbackVar 
*          1    00000d02    00000002     UNINITIALIZED
                  00000d02    00000002     DSP2803x_GlobalVariableDefs.obj (FlashCallbackVar)

FlashScalingVar 
*          1    00000d04    00000002     UNINITIALIZED
                  00000d04    00000002     DSP2803x_GlobalVariableDefs.obj (FlashScalingVar)

ramfuncs   0    003f0000    000004cb     RUN ADDR = 00008000
                  003f0000    000004ac     HVPM_Sensored.obj (ramfuncs:retain)
                  003f04ac    0000001b     HVPM_Sensored-DevInit_F2803x.obj (ramfuncs)
                  003f04c7    00000004     DSP2803x_usDelay.obj (ramfuncs)

.text      0    003f6000    00000b84     
                  003f6000    0000063f     HVPM_Sensored.obj (.text)
                  003f663f    000001c1     HVPM_Sensored-DevInit_F2803x.obj (.text)
                  003f6800    00000083     rts2800_ml.lib : fd_mpy.obj (.text)
                  003f6883    00000083                    : fs_div.obj (.text)
                  003f6906    00000078                    : fs_add.obj (.text)
                  003f697e    0000005a                    : fs_mpy.obj (.text)
                  003f69d8    0000004b     DLOG4CHC.obj (.text)
                  003f6a23    00000044     rts2800_ml.lib : boot.obj (.text)
                  003f6a67    00000029                    : fs_tol.obj (.text)
                  003f6a90    0000001f                    : fd_tol.obj (.text)
                  003f6aaf    0000001d                    : fs_tou.obj (.text)
                  003f6acc    0000001c                    : fs_tofd.obj (.text)
                  003f6ae8    0000001a                    : l_tofs.obj (.text)
                  003f6b02    00000019                    : args_main.obj (.text)
                  003f6b1b    00000019                    : exit.obj (.text)
                  003f6b34    00000017                    : fs_cmp.obj (.text)
                  003f6b4b    00000013                    : ul_tofs.obj (.text)
                  003f6b5e    00000010                    : u_tofs.obj (.text)
                  003f6b6e    00000009                    : _lock.obj (.text)
                  003f6b77    00000008     DSP2803x_CodeStartBranch.obj (.text)
                  003f6b7f    00000005     HVPM_Sensored-DevInit_F2803x.obj (.text:retain)

.cinit     0    003f6b84    000001f5     
                  003f6b84    000001df     HVPM_Sensored.obj (.cinit)
                  003f6d63    0000000a     rts2800_ml.lib : exit.obj (.cinit)
                  003f6d6d    00000005                    : _lock.obj (.cinit:__lock)
                  003f6d72    00000005                    : _lock.obj (.cinit:__unlock)
                  003f6d77    00000002     --HOLE-- [fill = 0]

IQmath     0    003f6d79    00000050     
                  003f6d79    00000029     IQmath.lib : IQ24sinPU.obj (IQmath)
                  003f6da2    00000027                : IQ24cosPU.obj (IQmath)

.econst    0    003f6dca    0000000c     
                  003f6dca    0000000c     HVPM_Sensored.obj (.econst)

codestart 
*          0    003f7ff6    00000002     
                  003f7ff6    00000002     DSP2803x_CodeStartBranch.obj (codestart)

IQmathTables 
*          0    003fe000    00000b50     NOLOAD SECTION
                  003fe000    00000b50     IQmath.lib : IQmathTables.obj (IQmathTables)

.stack     1    00000050    00000380     UNINITIALIZED
                  00000050    00000380     --HOLE--

Cla1RegsFile 
*          1    00001400    00000040     UNINITIALIZED
                  00001400    00000040     DSP2803x_GlobalVariableDefs.obj (Cla1RegsFile)

ECanaRegsFile 
*          1    00006000    00000034     UNINITIALIZED
                  00006000    00000034     DSP2803x_GlobalVariableDefs.obj (ECanaRegsFile)

ECanaLAMRegsFile 
*          1    00006040    00000040     UNINITIALIZED
                  00006040    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaLAMRegsFile)

ECanaMOTSRegsFile 
*          1    00006080    00000040     UNINITIALIZED
                  00006080    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTSRegsFile)

ECanaMOTORegsFile 
*          1    000060c0    00000040     UNINITIALIZED
                  000060c0    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTORegsFile)

ECanaMboxesFile 
*          1    00006100    00000100     UNINITIALIZED
                  00006100    00000100     DSP2803x_GlobalVariableDefs.obj (ECanaMboxesFile)

Comp1RegsFile 
*          1    00006400    00000014     UNINITIALIZED
                  00006400    00000014     DSP2803x_GlobalVariableDefs.obj (Comp1RegsFile)

Comp2RegsFile 
*          1    00006420    00000014     UNINITIALIZED
                  00006420    00000014     DSP2803x_GlobalVariableDefs.obj (Comp2RegsFile)

Comp3RegsFile 
*          1    00006440    00000014     UNINITIALIZED
                  00006440    00000014     DSP2803x_GlobalVariableDefs.obj (Comp3RegsFile)

EPwm1RegsFile 
*          1    00006800    00000040     UNINITIALIZED
                  00006800    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm1RegsFile)

EPwm2RegsFile 
*          1    00006840    00000040     UNINITIALIZED
                  00006840    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm2RegsFile)

EPwm3RegsFile 
*          1    00006880    00000040     UNINITIALIZED
                  00006880    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm3RegsFile)

EPwm4RegsFile 
*          1    000068c0    00000040     UNINITIALIZED
                  000068c0    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm4RegsFile)

EPwm5RegsFile 
*          1    00006900    00000040     UNINITIALIZED
                  00006900    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm5RegsFile)

EPwm6RegsFile 
*          1    00006940    00000040     UNINITIALIZED
                  00006940    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm6RegsFile)

EPwm7RegsFile 
*          1    00006980    00000040     UNINITIALIZED
                  00006980    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm7RegsFile)

ECap1RegsFile 
*          1    00006a00    00000020     UNINITIALIZED
                  00006a00    00000020     DSP2803x_GlobalVariableDefs.obj (ECap1RegsFile)

EQep1RegsFile 
*          1    00006b00    00000040     UNINITIALIZED
                  00006b00    00000040     DSP2803x_GlobalVariableDefs.obj (EQep1RegsFile)

LinaRegsFile 
*          1    00006c00    0000004a     UNINITIALIZED
                  00006c00    0000004a     DSP2803x_GlobalVariableDefs.obj (LinaRegsFile)

GpioCtrlRegsFile 
*          1    00006f80    00000040     UNINITIALIZED
                  00006f80    00000040     DSP2803x_GlobalVariableDefs.obj (GpioCtrlRegsFile)

GpioDataRegsFile 
*          1    00006fc0    00000020     UNINITIALIZED
                  00006fc0    00000020     DSP2803x_GlobalVariableDefs.obj (GpioDataRegsFile)

GpioIntRegsFile 
*          1    00006fe0    0000000c     UNINITIALIZED
                  00006fe0    0000000c     DSP2803x_GlobalVariableDefs.obj (GpioIntRegsFile)

SysCtrlRegsFile 
*          1    00007010    00000020     UNINITIALIZED
                  00007010    00000020     DSP2803x_GlobalVariableDefs.obj (SysCtrlRegsFile)

SpiaRegsFile 
*          1    00007040    00000010     UNINITIALIZED
                  00007040    00000010     DSP2803x_GlobalVariableDefs.obj (SpiaRegsFile)

SciaRegsFile 
*          1    00007050    00000010     UNINITIALIZED
                  00007050    00000010     DSP2803x_GlobalVariableDefs.obj (SciaRegsFile)

NmiIntruptRegsFile 
*          1    00007060    00000010     UNINITIALIZED
                  00007060    00000010     DSP2803x_GlobalVariableDefs.obj (NmiIntruptRegsFile)

XIntruptRegsFile 
*          1    00007070    00000010     UNINITIALIZED
                  00007070    00000010     DSP2803x_GlobalVariableDefs.obj (XIntruptRegsFile)

AdcRegsFile 
*          1    00007100    00000050     UNINITIALIZED
                  00007100    00000050     DSP2803x_GlobalVariableDefs.obj (AdcRegsFile)

SpibRegsFile 
*          1    00007740    00000010     UNINITIALIZED
                  00007740    00000010     DSP2803x_GlobalVariableDefs.obj (SpibRegsFile)

I2caRegsFile 
*          1    00007900    00000022     UNINITIALIZED
                  00007900    00000022     DSP2803x_GlobalVariableDefs.obj (I2caRegsFile)

.ebss      1    00009320    000001b8     UNINITIALIZED
                  00009320    00000004     rts2800_ml.lib : exit.obj (.ebss)
                  00009324    00000002                    : _lock.obj (.ebss:__lock)
                  00009326    00000002                    : _lock.obj (.ebss:__unlock)
                  00009328    00000018     --HOLE--
                  00009340    00000198     HVPM_Sensored.obj (.ebss)

PartIdRegsFile 
*          1    003d7e80    00000001     UNINITIALIZED
                  003d7e80    00000001     DSP2803x_GlobalVariableDefs.obj (PartIdRegsFile)

CsmPwlFile 
*          1    003f7ff8    00000008     UNINITIALIZED
                  003f7ff8    00000008     DSP2803x_GlobalVariableDefs.obj (CsmPwlFile)

.pinit     0    003f6000    00000000     UNINITIALIZED

.reset     0    003fffc0    00000002     DSECT
                  003fffc0    00000002     rts2800_ml.lib : boot.obj (.reset)

vectors    0    003fffc2    00000000     DSECT

DLOG       1    00009000    00000320     UNINITIALIZED
                  00009000    00000320     DLOG4CHC.obj (DLOG)


GLOBAL DATA SYMBOLS: SORTED BY DATA PAGE

address     data page           name
--------    ----------------    ----
00000050       1 (00000040)     __stack

00000880      22 (00000880)     _DevEmuRegs

00000a80      2a (00000a80)     _FlashRegs

00000ae0      2b (00000ac0)     _CsmRegs

00000b00      2c (00000b00)     _AdcResult

00000c00      30 (00000c00)     _CpuTimer0Regs
00000c08      30 (00000c00)     _CpuTimer1Regs
00000c10      30 (00000c00)     _CpuTimer2Regs

00000ce0      33 (00000cc0)     _PieCtrlRegs

00000d00      34 (00000d00)     _EmuKey
00000d00      34 (00000d00)     _PieVectTable
00000d01      34 (00000d00)     _EmuBMode
00000d02      34 (00000d00)     _Flash_CallbackPtr
00000d04      34 (00000d00)     _Flash_CPUScaleFactor

00001400      50 (00001400)     _Cla1Regs

00006000     180 (00006000)     _ECanaRegs

00006040     181 (00006040)     _ECanaLAMRegs

00006080     182 (00006080)     _ECanaMOTSRegs

000060c0     183 (000060c0)     _ECanaMOTORegs

00006100     184 (00006100)     _ECanaMboxes

00006400     190 (00006400)     _Comp1Regs
00006420     190 (00006400)     _Comp2Regs

00006440     191 (00006440)     _Comp3Regs

00006800     1a0 (00006800)     _EPwm1Regs

00006840     1a1 (00006840)     _EPwm2Regs

00006880     1a2 (00006880)     _EPwm3Regs

000068c0     1a3 (000068c0)     _EPwm4Regs

00006900     1a4 (00006900)     _EPwm5Regs

00006940     1a5 (00006940)     _EPwm6Regs

00006980     1a6 (00006980)     _EPwm7Regs

00006a00     1a8 (00006a00)     _ECap1Regs

00006b00     1ac (00006b00)     _EQep1Regs

00006c00     1b0 (00006c00)     _LinaRegs

00006f80     1be (00006f80)     _GpioCtrlRegs

00006fc0     1bf (00006fc0)     _GpioDataRegs
00006fe0     1bf (00006fc0)     _GpioIntRegs

00007010     1c0 (00007000)     _SysCtrlRegs

00007040     1c1 (00007040)     _SpiaRegs
00007050     1c1 (00007040)     _SciaRegs
00007060     1c1 (00007040)     _NmiIntruptRegs
00007070     1c1 (00007040)     _XIntruptRegs

00007100     1c4 (00007100)     _AdcRegs

00007740     1dd (00007740)     _SpibRegs

00007900     1e4 (00007900)     _I2caRegs

00009320     24c (00009300)     ___TI_cleanup_ptr
00009322     24c (00009300)     ___TI_dtors_ptr
00009324     24c (00009300)     __lock
00009326     24c (00009300)     __unlock

00009340     24d (00009340)     _Init_IFlag
00009341     24d (00009340)     _TripFlagDMC
00009342     24d (00009340)     _DlogCh2
00009343     24d (00009340)     _DlogCh1
00009344     24d (00009340)     _OffsetFlag
00009345     24d (00009340)     _SerialCommsTimer
00009346     24d (00009340)     _lsw
00009347     24d (00009340)     _EnableFlag
00009348     24d (00009340)     _LockRotorFlag
00009349     24d (00009340)     _DlogCh3
0000934a     24d (00009340)     _DlogCh4
0000934b     24d (00009340)     _BackTicker
0000934c     24d (00009340)     _SpeedLoopPrescaler
0000934d     24d (00009340)     _SpeedLoopCount
0000934e     24d (00009340)     _offsetB
00009350     24d (00009340)     _K1
00009352     24d (00009340)     _offsetC
00009354     24d (00009340)     _K2
00009356     24d (00009340)     _offsetA
00009358     24d (00009340)     _TotalRounds
0000935a     24d (00009340)     _SpeedRef
0000935c     24d (00009340)     _T
0000935e     24d (00009340)     _DesiredRounds
00009360     24d (00009340)     _IsrTicker
00009362     24d (00009340)     _VdTesting
00009364     24d (00009340)     _IdRef
00009366     24d (00009340)     _VqTesting
00009368     24d (00009340)     _A_Task_Ptr
0000936a     24d (00009340)     _Alpha_State_Ptr
0000936c     24d (00009340)     _C_Task_Ptr
0000936e     24d (00009340)     _IqRef
00009370     24d (00009340)     _B_Task_Ptr
00009372     24d (00009340)     _VTimer1
00009376     24d (00009340)     _VTimer0
0000937a     24d (00009340)     _eCAP

00009380     24e (00009380)     _VTimer2
00009384     24e (00009380)     _eQEP
00009388     24e (00009380)     _pwmdac1
0000938e     24e (00009380)     _pwm1
00009398     24e (00009380)     _clarke1
000093a2     24e (00009380)     _rg1
000093ae     24e (00009380)     _ipark1

000093c0     24f (000093c0)     _park1
000093ce     24f (000093c0)     _ACQPS
000093de     24f (000093c0)     _ePWM
000093ee     24f (000093c0)     _rc1

00009400     250 (00009400)     _ChSel
00009410     250 (00009400)     _TrigSel
00009420     250 (00009400)     _svgen1

00009440     251 (00009440)     _speed1
00009454     251 (00009440)     _dlog
0000946a     251 (00009440)     _qep1

00009480     252 (00009480)     _pi_id
00009498     252 (00009480)     _pi_spd

000094c0     253 (000094c0)     _pi_iq

003d7e80    f5fa (003d7e80)     _PartIdRegs

003f6d79    fdb5 (003f6d40)     __IQ24sinPU

003f6da2    fdb6 (003f6d80)     __IQ24cosPU

003f7ff8    fdff (003f7fc0)     _CsmPwl

003fe000    ff80 (003fe000)     _IQsinTable

003fe100    ff84 (003fe100)     _IQcosTable

003fe400    ff90 (003fe400)     _IQsinTableEnd

003fe502    ff94 (003fe500)     _IQcosTableEnd
003fe502    ff94 (003fe500)     _IQdivRoundSatTable
003fe510    ff94 (003fe500)     _IQdivTable

003fe712    ff9c (003fe700)     _IQdivTableEnd
003fe712    ff9c (003fe700)     _IQisqrtRoundSatTable
003fe712    ff9c (003fe700)     _IQsqrtRoundSatTable
003fe722    ff9c (003fe700)     _IQisqrtTable
003fe722    ff9c (003fe700)     _IQsqrtTable

003fe824    ffa0 (003fe800)     _IQatan2HalfPITable
003fe824    ffa0 (003fe800)     _IQisqrtTableEnd
003fe824    ffa0 (003fe800)     _IQsqrtTableEnd

003fe862    ffa1 (003fe840)     _IQatan2Table

003fe9e8    ffa7 (003fe9c0)     _IQ30mpyRndSatTable
003fe9e8    ffa7 (003fe9c0)     _IQatan2TableEnd
003fe9e8    ffa7 (003fe9c0)     _IQmpyRndSatTable
003fe9f4    ffa7 (003fe9c0)     _IQ29mpyRndSatTable

003fea00    ffa8 (003fea00)     _IQ28mpyRndSatTable
003fea0c    ffa8 (003fea00)     _IQ27mpyRndSatTable
003fea18    ffa8 (003fea00)     _IQ26mpyRndSatTable
003fea24    ffa8 (003fea00)     _IQ25mpyRndSatTable
003fea30    ffa8 (003fea00)     _IQ24mpyRndSatTable
003fea3c    ffa8 (003fea00)     _IQ23mpyRndSatTable

003fea48    ffa9 (003fea40)     _IQ22mpyRndSatTable
003fea54    ffa9 (003fea40)     _IQ21mpyRndSatTable
003fea60    ffa9 (003fea40)     _IQ20mpyRndSatTable
003fea6c    ffa9 (003fea40)     _IQ19mpyRndSatTable
003fea78    ffa9 (003fea40)     _IQ18mpyRndSatTable

003fea84    ffaa (003fea80)     _IQ17mpyRndSatTable
003fea90    ffaa (003fea80)     _IQ16mpyRndSatTable
003fea9c    ffaa (003fea80)     _IQ15mpyRndSatTable
003feaa8    ffaa (003fea80)     _IQ14mpyRndSatTable
003feab4    ffaa (003fea80)     _IQ13mpyRndSatTable

003feac0    ffab (003feac0)     _IQ12mpyRndSatTable
003feacc    ffab (003feac0)     _IQ11mpyRndSatTable
003fead8    ffab (003feac0)     _IQ10mpyRndSatTable
003feae4    ffab (003feac0)     _IQ9mpyRndSatTable
003feaf0    ffab (003feac0)     _IQ8mpyRndSatTable
003feafc    ffab (003feac0)     _IQ7mpyRndSatTable

003feb08    ffac (003feb00)     _IQ6mpyRndSatTable
003feb14    ffac (003feb00)     _IQ5mpyRndSatTable
003feb20    ffac (003feb00)     _IQ4mpyRndSatTable
003feb2c    ffac (003feb00)     _IQ3mpyRndSatTable
003feb38    ffac (003feb00)     _IQ2mpyRndSatTable

003feb44    ffad (003feb40)     _IQ1mpyRndSatTable
003feb50    ffad (003feb40)     _IQmpyRndSatTableEnd


GLOBAL SYMBOLS: SORTED ALPHABETICALLY BY Name 

page  address   name                 
----  -------   ----                 
0     003f6000  .text                
0     003f6b1b  C$$EXIT              
0     003f6800  FD$$MPY              
0     003f6a90  FD$$TOL              
0     003f690b  FS$$ADD              
0     003f6b34  FS$$CMP              
0     003f6883  FS$$DIV              
0     003f697e  FS$$MPY              
0     003f6906  FS$$SUB              
0     003f6acc  FS$$TOFD             
0     003f6a67  FS$$TOL              
0     003f6aaf  FS$$TOU              
0     003f6ae8  L$$TOFS              
0     003f6b5e  U$$TOFS              
0     003f6b4b  UL$$TOFS             
0     003f6555  _A0                  
0     003f6598  _A1                  
0     003f65a9  _A2                  
0     003f65af  _A3                  
1     000093ce  _ACQPS               
1     00009368  _A_Task_Ptr          
1     00007100  _AdcRegs             
1     00000b00  _AdcResult           
1     0000936a  _Alpha_State_Ptr     
0     003f656c  _B0                  
0     003f65b5  _B1                  
0     003f65bb  _B2                  
0     003f65c1  _B3                  
1     00009370  _B_Task_Ptr          
1     0000934b  _BackTicker          
0     003f6582  _C0                  
0     003f65c7  _C1                  
0     003f65ed  _C2                  
0     003f65f3  _C3                  
1     0000936c  _C_Task_Ptr          
1     00009400  _ChSel               
1     00001400  _Cla1Regs            
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
1     00000c00  _CpuTimer0Regs       
1     00000c08  _CpuTimer1Regs       
1     00000c10  _CpuTimer2Regs       
1     003f7ff8  _CsmPwl              
1     00000ae0  _CsmRegs             
0     003f69d8  _DLOG_4CH_init       
0     003f69e3  _DLOG_4CH_update     
0     000084c7  _DSP28x_usDelay      
1     0000935e  _DesiredRounds       
1     00000880  _DevEmuRegs          
0     003f663f  _DeviceInit          
1     00009343  _DlogCh1             
1     00009342  _DlogCh2             
1     00009349  _DlogCh3             
1     0000934a  _DlogCh4             
1     00006040  _ECanaLAMRegs        
1     000060c0  _ECanaMOTORegs       
1     00006080  _ECanaMOTSRegs       
1     00006100  _ECanaMboxes         
1     00006000  _ECanaRegs           
1     00006a00  _ECap1Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006b00  _EQep1Regs           
1     00000d01  _EmuBMode            
1     00000d00  _EmuKey              
1     00009347  _EnableFlag          
1     00000a80  _FlashRegs           
1     00000d04  _Flash_CPUScaleFactor
1     00000d02  _Flash_CallbackPtr   
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
0     003f65f9  _HVDMC_Protection    
1     00007900  _I2caRegs            
0     003fead8  _IQ10mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003feb44  _IQ1mpyRndSatTable   
0     003fea60  _IQ20mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fe9f4  _IQ29mpyRndSatTable  
0     003feb38  _IQ2mpyRndSatTable   
0     003fe9e8  _IQ30mpyRndSatTable  
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feae4  _IQ9mpyRndSatTable   
0     003fe824  _IQatan2HalfPITable  
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQatan2TableEnd     
0     003fe100  _IQcosTable          
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe722  _IQisqrtTable        
0     003fe824  _IQisqrtTableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003feb50  _IQmpyRndSatTableEnd 
0     003fe000  _IQsinTable          
0     003fe400  _IQsinTableEnd       
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQsqrtTable         
0     003fe824  _IQsqrtTableEnd      
0     003f6b7f  _ISR_ILLEGAL         
1     00009364  _IdRef               
0     000084ac  _InitFlash           
1     00009340  _Init_IFlag          
1     0000936e  _IqRef               
1     00009360  _IsrTicker           
1     00009350  _K1                  
1     00009354  _K2                  
1     00006c00  _LinaRegs            
1     00009348  _LockRotorFlag       
0     00008000  _MainISR             
0     003f67eb  _MemCopy             
1     00007060  _NmiIntruptRegs      
1     00009344  _OffsetFlag          
0     0000843c  _OffsetISR           
0     003f6774  _PLLset              
1     003d7e80  _PartIdRegs          
0     003f67ae  _PieCntlInit         
1     00000ce0  _PieCtrlRegs         
1     00000d00  _PieVectTable        
0     003f67cd  _PieVectTableInit    
0     003f04cb  _RamfuncsLoadEnd     
0     003f0000  _RamfuncsLoadStart   
0     00008000  _RamfuncsRunStart    
1     00007050  _SciaRegs            
1     00009345  _SerialCommsTimer    
1     0000934d  _SpeedLoopCount      
1     0000934c  _SpeedLoopPrescaler  
1     0000935a  _SpeedRef            
1     00007040  _SpiaRegs            
1     00007740  _SpibRegs            
1     00007010  _SysCtrlRegs         
1     0000935c  _T                   
1     00009358  _TotalRounds         
1     00009410  _TrigSel             
1     00009341  _TripFlagDMC         
1     00009376  _VTimer0             
1     00009372  _VTimer1             
1     00009380  _VTimer2             
1     00009362  _VdTesting           
1     00009366  _VqTesting           
0     003f676c  _WDogDisable         
1     00007070  _XIntruptRegs        
0     003f6da2  __IQ24cosPU          
0     003f6d79  __IQ24sinPU          
1     000003d0  __STACK_END          
abs   00000380  __STACK_SIZE         
1     00009320  ___TI_cleanup_ptr    
1     00009322  ___TI_dtors_ptr      
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
0     003f6b84  ___cinit__           
0     003f6b84  ___etext__           
abs   ffffffff  ___pinit__           
0     003f6000  ___text__            
0     003f6b02  __args_main          
1     00009324  __lock               
0     003f6b76  __nop                
0     003f6b72  __register_lock      
0     003f6b6e  __register_unlock    
1     00000050  __stack              
1     00009326  __unlock             
0     003f6b1b  _abort               
0     003f6a23  _c_int00             
1     00009398  _clarke1             
1     00009454  _dlog                
1     0000937a  _eCAP                
1     000093de  _ePWM                
1     00009384  _eQEP                
0     003f6b1d  _exit                
1     000093ae  _ipark1              
1     00009346  _lsw                 
0     003f6000  _main                
1     00009356  _offsetA             
1     0000934e  _offsetB             
1     00009352  _offsetC             
1     000093c0  _park1               
1     00009480  _pi_id               
1     000094c0  _pi_iq               
1     00009498  _pi_spd              
1     0000938e  _pwm1                
1     00009388  _pwmdac1             
1     0000946a  _qep1                
1     000093ee  _rc1                 
1     000093a2  _rg1                 
1     00009440  _speed1              
1     00009420  _svgen1              
abs   ffffffff  binit                
0     003f6b84  cinit                
0     003f7ff6  code_start           
0     003f6b84  etext                
abs   ffffffff  pinit                


GLOBAL SYMBOLS: SORTED BY Symbol Address 

page  address   name                 
----  -------   ----                 
0     00008000  _MainISR             
0     00008000  _RamfuncsRunStart    
0     0000843c  _OffsetISR           
0     000084ac  _InitFlash           
0     000084c7  _DSP28x_usDelay      
0     003f0000  _RamfuncsLoadStart   
0     003f04cb  _RamfuncsLoadEnd     
0     003f6000  .text                
0     003f6000  ___text__            
0     003f6000  _main                
0     003f6555  _A0                  
0     003f656c  _B0                  
0     003f6582  _C0                  
0     003f6598  _A1                  
0     003f65a9  _A2                  
0     003f65af  _A3                  
0     003f65b5  _B1                  
0     003f65bb  _B2                  
0     003f65c1  _B3                  
0     003f65c7  _C1                  
0     003f65ed  _C2                  
0     003f65f3  _C3                  
0     003f65f9  _HVDMC_Protection    
0     003f663f  _DeviceInit          
0     003f676c  _WDogDisable         
0     003f6774  _PLLset              
0     003f67ae  _PieCntlInit         
0     003f67cd  _PieVectTableInit    
0     003f67eb  _MemCopy             
0     003f6800  FD$$MPY              
0     003f6883  FS$$DIV              
0     003f6906  FS$$SUB              
0     003f690b  FS$$ADD              
0     003f697e  FS$$MPY              
0     003f69d8  _DLOG_4CH_init       
0     003f69e3  _DLOG_4CH_update     
0     003f6a23  _c_int00             
0     003f6a67  FS$$TOL              
0     003f6a90  FD$$TOL              
0     003f6aaf  FS$$TOU              
0     003f6acc  FS$$TOFD             
0     003f6ae8  L$$TOFS              
0     003f6b02  __args_main          
0     003f6b1b  C$$EXIT              
0     003f6b1b  _abort               
0     003f6b1d  _exit                
0     003f6b34  FS$$CMP              
0     003f6b4b  UL$$TOFS             
0     003f6b5e  U$$TOFS              
0     003f6b6e  __register_unlock    
0     003f6b72  __register_lock      
0     003f6b76  __nop                
0     003f6b7f  _ISR_ILLEGAL         
0     003f6b84  ___cinit__           
0     003f6b84  ___etext__           
0     003f6b84  cinit                
0     003f6b84  etext                
0     003f6d79  __IQ24sinPU          
0     003f6da2  __IQ24cosPU          
0     003f7ff6  code_start           
0     003fe000  _IQsinTable          
0     003fe100  _IQcosTable          
0     003fe400  _IQsinTableEnd       
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQisqrtTable        
0     003fe722  _IQsqrtTable         
0     003fe824  _IQatan2HalfPITable  
0     003fe824  _IQisqrtTableEnd     
0     003fe824  _IQsqrtTableEnd      
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQ30mpyRndSatTable  
0     003fe9e8  _IQatan2TableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003fe9f4  _IQ29mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea60  _IQ20mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003fead8  _IQ10mpyRndSatTable  
0     003feae4  _IQ9mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb38  _IQ2mpyRndSatTable   
0     003feb44  _IQ1mpyRndSatTable   
0     003feb50  _IQmpyRndSatTableEnd 
1     00000050  __stack              
1     000003d0  __STACK_END          
1     00000880  _DevEmuRegs          
1     00000a80  _FlashRegs           
1     00000ae0  _CsmRegs             
1     00000b00  _AdcResult           
1     00000c00  _CpuTimer0Regs       
1     00000c08  _CpuTimer1Regs       
1     00000c10  _CpuTimer2Regs       
1     00000ce0  _PieCtrlRegs         
1     00000d00  _EmuKey              
1     00000d00  _PieVectTable        
1     00000d01  _EmuBMode            
1     00000d02  _Flash_CallbackPtr   
1     00000d04  _Flash_CPUScaleFactor
1     00001400  _Cla1Regs            
1     00006000  _ECanaRegs           
1     00006040  _ECanaLAMRegs        
1     00006080  _ECanaMOTSRegs       
1     000060c0  _ECanaMOTORegs       
1     00006100  _ECanaMboxes         
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006a00  _ECap1Regs           
1     00006b00  _EQep1Regs           
1     00006c00  _LinaRegs            
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
1     00007010  _SysCtrlRegs         
1     00007040  _SpiaRegs            
1     00007050  _SciaRegs            
1     00007060  _NmiIntruptRegs      
1     00007070  _XIntruptRegs        
1     00007100  _AdcRegs             
1     00007740  _SpibRegs            
1     00007900  _I2caRegs            
1     00009320  ___TI_cleanup_ptr    
1     00009322  ___TI_dtors_ptr      
1     00009324  __lock               
1     00009326  __unlock             
1     00009340  _Init_IFlag          
1     00009341  _TripFlagDMC         
1     00009342  _DlogCh2             
1     00009343  _DlogCh1             
1     00009344  _OffsetFlag          
1     00009345  _SerialCommsTimer    
1     00009346  _lsw                 
1     00009347  _EnableFlag          
1     00009348  _LockRotorFlag       
1     00009349  _DlogCh3             
1     0000934a  _DlogCh4             
1     0000934b  _BackTicker          
1     0000934c  _SpeedLoopPrescaler  
1     0000934d  _SpeedLoopCount      
1     0000934e  _offsetB             
1     00009350  _K1                  
1     00009352  _offsetC             
1     00009354  _K2                  
1     00009356  _offsetA             
1     00009358  _TotalRounds         
1     0000935a  _SpeedRef            
1     0000935c  _T                   
1     0000935e  _DesiredRounds       
1     00009360  _IsrTicker           
1     00009362  _VdTesting           
1     00009364  _IdRef               
1     00009366  _VqTesting           
1     00009368  _A_Task_Ptr          
1     0000936a  _Alpha_State_Ptr     
1     0000936c  _C_Task_Ptr          
1     0000936e  _IqRef               
1     00009370  _B_Task_Ptr          
1     00009372  _VTimer1             
1     00009376  _VTimer0             
1     0000937a  _eCAP                
1     00009380  _VTimer2             
1     00009384  _eQEP                
1     00009388  _pwmdac1             
1     0000938e  _pwm1                
1     00009398  _clarke1             
1     000093a2  _rg1                 
1     000093ae  _ipark1              
1     000093c0  _park1               
1     000093ce  _ACQPS               
1     000093de  _ePWM                
1     000093ee  _rc1                 
1     00009400  _ChSel               
1     00009410  _TrigSel             
1     00009420  _svgen1              
1     00009440  _speed1              
1     00009454  _dlog                
1     0000946a  _qep1                
1     00009480  _pi_id               
1     00009498  _pi_spd              
1     000094c0  _pi_iq               
1     003d7e80  _PartIdRegs          
1     003f7ff8  _CsmPwl              
abs   00000380  __STACK_SIZE         
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
abs   ffffffff  ___pinit__           
abs   ffffffff  binit                
abs   ffffffff  pinit                

[220 symbols]







Appendix A/HVPM_Sensored/F2803x_FLASH/objects.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

USER_OBJS :=

LIBS := -l"rts2800_ml.lib"
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################################################################################
# Automatically-generated file. Do not edit!
################################################################################

USER_OBJS :=

LIBS := -l"rts2800_ml.lib"








Appendix A/HVPM_Sensored/F2803x_FLASH/sources.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

O_SRCS := 
CPP_SRCS := 
K_SRCS := 
LD_SRCS := 
S67_SRCS := 
LDS_SRCS := 
CMD_SRCS := 
CXX_SRCS := 
CMD_UPPER_SRCS := 
C43_SRCS := 
S55_SRCS := 
LD_UPPER_SRCS := 
C62_SRCS := 
S_UPPER_SRCS := 
A_SRCS := 
SA_SRCS := 
C55_SRCS := 
LDS_UPPER_SRCS := 
C_UPPER_SRCS := 
INO_SRCS := 
OBJ_SRCS := 
S62_SRCS := 
LIB_SRCS := 
PDE_SRCS := 
ASM_SRCS := 
ASM_UPPER_SRCS := 
C++_SRCS := 
CLA_SRCS := 
S??_SRCS := 
C_SRCS := 
C67_SRCS := 
S_SRCS := 
S43_SRCS := 
OPT_SRCS := 
C64_SRCS := 
CC_SRCS := 
C??_SRCS := 
S64_SRCS := 
OBJS := 
S_DEPS := 
S_UPPER_DEPS := 
S62_DEPS := 
C64_DEPS := 
ASM_DEPS := 
CC_DEPS := 
S55_DEPS := 
C67_DEPS := 
CLA_DEPS := 
C??_DEPS := 
CPP_DEPS := 
S??_DEPS := 
C_DEPS := 
C62_DEPS := 
EXE_OUTPUTS := 
CXX_DEPS := 
C++_DEPS := 
ASM_UPPER_DEPS := 
K_DEPS := 
C43_DEPS := 
INO_DEPS := 
S67_DEPS := 
SA_DEPS := 
S43_DEPS := 
OPT_DEPS := 
PDE_DEPS := 
S64_DEPS := 
C_UPPER_DEPS := 
C55_DEPS := 
CPP_DEPS__QUOTED := 
C67_DEPS__QUOTED := 
INO_DEPS__QUOTED := 
C??_DEPS__QUOTED := 
S_UPPER_DEPS__QUOTED := 
CLA_DEPS__QUOTED := 
ASM_UPPER_DEPS__QUOTED := 
C62_DEPS__QUOTED := 
CXX_DEPS__QUOTED := 
EXE_OUTPUTS__QUOTED := 
S67_DEPS__QUOTED := 
C_DEPS__QUOTED := 
C_UPPER_DEPS__QUOTED := 
OPT_DEPS__QUOTED := 
S_DEPS__QUOTED := 
K_DEPS__QUOTED := 
S??_DEPS__QUOTED := 
C64_DEPS__QUOTED := 
C++_DEPS__QUOTED := 
OBJS__QUOTED := 
CC_DEPS__QUOTED := 
S43_DEPS__QUOTED := 
S55_DEPS__QUOTED := 
SA_DEPS__QUOTED := 
C55_DEPS__QUOTED := 
PDE_DEPS__QUOTED := 
C43_DEPS__QUOTED := 
S62_DEPS__QUOTED := 
ASM_DEPS__QUOTED := 
S64_DEPS__QUOTED := 

# Every subdirectory with source files must be described here
SUBDIRS := \
. \
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################################################################################
# Automatically-generated file. Do not edit!
################################################################################

O_SRCS := 
CPP_SRCS := 
K_SRCS := 
LD_SRCS := 
S67_SRCS := 
LDS_SRCS := 
CMD_SRCS := 
CXX_SRCS := 
CMD_UPPER_SRCS := 
C43_SRCS := 
S55_SRCS := 
LD_UPPER_SRCS := 
C62_SRCS := 
S_UPPER_SRCS := 
A_SRCS := 
SA_SRCS := 
C55_SRCS := 
LDS_UPPER_SRCS := 
C_UPPER_SRCS := 
INO_SRCS := 
OBJ_SRCS := 
S62_SRCS := 
LIB_SRCS := 
PDE_SRCS := 
ASM_SRCS := 
ASM_UPPER_SRCS := 
C++_SRCS := 
CLA_SRCS := 
S??_SRCS := 
C_SRCS := 
C67_SRCS := 
S_SRCS := 
S43_SRCS := 
OPT_SRCS := 
C64_SRCS := 
CC_SRCS := 
C??_SRCS := 
S64_SRCS := 
OBJS := 
S_DEPS := 
S_UPPER_DEPS := 
S62_DEPS := 
C64_DEPS := 
ASM_DEPS := 
CC_DEPS := 
S55_DEPS := 
C67_DEPS := 
CLA_DEPS := 
C??_DEPS := 
CPP_DEPS := 
S??_DEPS := 
C_DEPS := 
C62_DEPS := 
EXE_OUTPUTS := 
CXX_DEPS := 
C++_DEPS := 
ASM_UPPER_DEPS := 
K_DEPS := 
C43_DEPS := 
INO_DEPS := 
S67_DEPS := 
SA_DEPS := 
S43_DEPS := 
OPT_DEPS := 
PDE_DEPS := 
S64_DEPS := 
C_UPPER_DEPS := 
C55_DEPS := 
CPP_DEPS__QUOTED := 
C67_DEPS__QUOTED := 
INO_DEPS__QUOTED := 
C??_DEPS__QUOTED := 
S_UPPER_DEPS__QUOTED := 
CLA_DEPS__QUOTED := 
ASM_UPPER_DEPS__QUOTED := 
C62_DEPS__QUOTED := 
CXX_DEPS__QUOTED := 
EXE_OUTPUTS__QUOTED := 
S67_DEPS__QUOTED := 
C_DEPS__QUOTED := 
C_UPPER_DEPS__QUOTED := 
OPT_DEPS__QUOTED := 
S_DEPS__QUOTED := 
K_DEPS__QUOTED := 
S??_DEPS__QUOTED := 
C64_DEPS__QUOTED := 
C++_DEPS__QUOTED := 
OBJS__QUOTED := 
CC_DEPS__QUOTED := 
S43_DEPS__QUOTED := 
S55_DEPS__QUOTED := 
SA_DEPS__QUOTED := 
C55_DEPS__QUOTED := 
PDE_DEPS__QUOTED := 
C43_DEPS__QUOTED := 
S62_DEPS__QUOTED := 
ASM_DEPS__QUOTED := 
S64_DEPS__QUOTED := 

# Every subdirectory with source files must be described here
SUBDIRS := \
. \








Appendix A/HVPM_Sensored/F2803x_FLASH/subdir_rules.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Each subdirectory must supply rules for building sources it contributes
DLOG4CHC.obj: ../DLOG4CHC.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DLOG4CHC.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_CodeStartBranch.obj: C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_CodeStartBranch.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_GlobalVariableDefs.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_usDelay.obj: ../DSP2803x_usDelay.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_usDelay.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVPM_Sensored-DevInit_F2803x.obj: ../HVPM_Sensored-DevInit_F2803x.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVPM_Sensored-DevInit_F2803x.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVPM_Sensored.obj: ../HVPM_Sensored.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVPM_Sensored.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '
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################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Each subdirectory must supply rules for building sources it contributes
DLOG4CHC.obj: ../DLOG4CHC.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DLOG4CHC.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_CodeStartBranch.obj: C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_CodeStartBranch.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_CpuTimers.obj: ../DSP2803x_CpuTimers.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_CpuTimers.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_GlobalVariableDefs.obj: ../DSP2803x_GlobalVariableDefs.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_GlobalVariableDefs.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_usDelay.obj: ../DSP2803x_usDelay.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_usDelay.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVBLDC_Sensorless-DevInit_F2803x.obj: ../HVBLDC_Sensorless-DevInit_F2803x.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVBLDC_Sensorless-DevInit_F2803x.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVBLDC_Sensorless.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '









Appendix A/HVPM_Sensored/F2803x_FLASH/subdir_vars.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Add inputs and outputs from these tool invocations to the build variables 
CMD_SRCS += \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd 

CMD_UPPER_SRCS += \
../F28035_FLASH_HVPM_Sensored.CMD 

LIB_SRCS += \
C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib 

ASM_SRCS += \
../DLOG4CHC.asm \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm \
../DSP2803x_usDelay.asm 

C_SRCS += \
C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c \
../HVPM_Sensored-DevInit_F2803x.c \
../HVPM_Sensored.c 

OBJS += \
./DLOG4CHC.obj \
./DSP2803x_CodeStartBranch.obj \
./DSP2803x_GlobalVariableDefs.obj \
./DSP2803x_usDelay.obj \
./HVPM_Sensored-DevInit_F2803x.obj \
./HVPM_Sensored.obj 

ASM_DEPS += \
./DLOG4CHC.pp \
./DSP2803x_CodeStartBranch.pp \
./DSP2803x_usDelay.pp 

C_DEPS += \
./DSP2803x_GlobalVariableDefs.pp \
./HVPM_Sensored-DevInit_F2803x.pp \
./HVPM_Sensored.pp 

C_DEPS__QUOTED += \
"DSP2803x_GlobalVariableDefs.pp" \
"HVPM_Sensored-DevInit_F2803x.pp" \
"HVPM_Sensored.pp" 

OBJS__QUOTED += \
"DLOG4CHC.obj" \
"DSP2803x_CodeStartBranch.obj" \
"DSP2803x_GlobalVariableDefs.obj" \
"DSP2803x_usDelay.obj" \
"HVPM_Sensored-DevInit_F2803x.obj" \
"HVPM_Sensored.obj" 

ASM_DEPS__QUOTED += \
"DLOG4CHC.pp" \
"DSP2803x_CodeStartBranch.pp" \
"DSP2803x_usDelay.pp" 

ASM_SRCS__QUOTED += \
"../DLOG4CHC.asm" \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm" \
"../DSP2803x_usDelay.asm" 

C_SRCS__QUOTED += \
"C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c" \
"../HVPM_Sensored-DevInit_F2803x.c" \
"../HVPM_Sensored.c" 









Appendix A/BLDC_Testing/F2803x_FLASH/subdir_vars.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Add inputs and outputs from these tool invocations to the build variables 
CMD_SRCS += \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd 

CMD_UPPER_SRCS += \
../F28035_FLASH_HVBLDC_Sensorless.CMD 

LIB_SRCS += \
C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib 

ASM_SRCS += \
../DLOG4CHC.asm \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm \
../DSP2803x_usDelay.asm 

C_SRCS += \
../DSP2803x_CpuTimers.c \
../DSP2803x_GlobalVariableDefs.c \
../HVBLDC_Sensorless-DevInit_F2803x.c \
../HVBLDC_Sensorless.c 

OBJS += \
./DLOG4CHC.obj \
./DSP2803x_CodeStartBranch.obj \
./DSP2803x_CpuTimers.obj \
./DSP2803x_GlobalVariableDefs.obj \
./DSP2803x_usDelay.obj \
./HVBLDC_Sensorless-DevInit_F2803x.obj \
./HVBLDC_Sensorless.obj 

ASM_DEPS += \
./DLOG4CHC.pp \
./DSP2803x_CodeStartBranch.pp \
./DSP2803x_usDelay.pp 

C_DEPS += \
./DSP2803x_CpuTimers.pp \
./DSP2803x_GlobalVariableDefs.pp \
./HVBLDC_Sensorless-DevInit_F2803x.pp \
./HVBLDC_Sensorless.pp 

C_DEPS__QUOTED += \
"DSP2803x_CpuTimers.pp" \
"DSP2803x_GlobalVariableDefs.pp" \
"HVBLDC_Sensorless-DevInit_F2803x.pp" \
"HVBLDC_Sensorless.pp" 

OBJS__QUOTED += \
"DLOG4CHC.obj" \
"DSP2803x_CodeStartBranch.obj" \
"DSP2803x_CpuTimers.obj" \
"DSP2803x_GlobalVariableDefs.obj" \
"DSP2803x_usDelay.obj" \
"HVBLDC_Sensorless-DevInit_F2803x.obj" \
"HVBLDC_Sensorless.obj" 

ASM_DEPS__QUOTED += \
"DLOG4CHC.pp" \
"DSP2803x_CodeStartBranch.pp" \
"DSP2803x_usDelay.pp" 

ASM_SRCS__QUOTED += \
"../DLOG4CHC.asm" \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm" \
"../DSP2803x_usDelay.asm" 

C_SRCS__QUOTED += \
"../DSP2803x_CpuTimers.c" \
"../DSP2803x_GlobalVariableDefs.c" \
"../HVBLDC_Sensorless-DevInit_F2803x.c" \
"../HVBLDC_Sensorless.c" 









Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_CpuTimers.pp

# FIXED

DSP2803x_CpuTimers.obj: ../DSP2803x_CpuTimers.c
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Device.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_HRCap.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Examples.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_GlobalPrototypes.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_I2C_defines.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Cla_Defines.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_DefaultISR.h

../DSP2803x_CpuTimers.c: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Device.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_HRCap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Examples.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_GlobalPrototypes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_I2C_defines.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Cla_Defines.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_DefaultISR.h: 







Appendix A/HVPM_Sensored/F2803x_FLASH/DSP2803x_GlobalVariableDefs.pp

# FIXED

DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_GlobalVariableDefs.pp

# FIXED

DSP2803x_GlobalVariableDefs.obj: ../DSP2803x_GlobalVariableDefs.c
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

../DSP2803x_GlobalVariableDefs.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless-DevInit_F2803x.pp

# FIXED

HVBLDC_Sensorless-DevInit_F2803x.obj: ../HVBLDC_Sensorless-DevInit_F2803x.c
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

../HVBLDC_Sensorless-DevInit_F2803x.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless.pp

# FIXED

HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless.c
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/math/IQmath/v15c/include/IQmathLib.h
HVBLDC_Sensorless.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/limits.h
HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/com_trig.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/pi.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp2cntl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp3cntl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/impulse.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/mod6_cnt.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_pr.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_fr.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp_cntl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xileg_vdc.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/f2803xbmsk.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xbldcpwm.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xdrvlib.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xqep.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwmdac.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xhall_gpio.h
HVBLDC_Sensorless.obj: ../dlog4ch-HVBLDC_Sensorless.h
HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless-Settings.h
HVBLDC_Sensorless.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/math.h
HVBLDC_Sensorless.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/linkage.h

../HVBLDC_Sensorless.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 
C:/ti/controlSUITE/libs/math/IQmath/v15c/include/IQmathLib.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/limits.h: 
../HVBLDC_Sensorless.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/com_trig.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/pi.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp2cntl.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp3cntl.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/impulse.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/mod6_cnt.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_pr.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_fr.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp_cntl.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xileg_vdc.h: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/f2803xbmsk.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xbldcpwm.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xdrvlib.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xqep.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwmdac.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xhall_gpio.h: 
../dlog4ch-HVBLDC_Sensorless.h: 
../HVBLDC_Sensorless-Settings.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/math.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/linkage.h: 







Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored-DevInit_F2803x.pp

# FIXED

HVPM_Sensored-DevInit_F2803x.obj: ../HVPM_Sensored-DevInit_F2803x.c
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

../HVPM_Sensored-DevInit_F2803x.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored.pp

# FIXED

HVPM_Sensored.obj: ../HVPM_Sensored.c
HVPM_Sensored.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/math/IQmath/v15c/include/IQmathLib.h
HVPM_Sensored.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/limits.h
HVPM_Sensored.obj: ../HVPM_Sensored.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/park.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/ipark.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/pi.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/clarke.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/svgen.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rampgen.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp_cntl.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_fr.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xileg_vdc.h
HVPM_Sensored.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/f2803xbmsk.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwm.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xdrvlib.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwmdac.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xqep.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h
HVPM_Sensored.obj: ../dlog4ch-HVPM_Sensored.h
HVPM_Sensored.obj: ../HVPM_Sensored-Settings.h
HVPM_Sensored.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/math.h
HVPM_Sensored.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/linkage.h

../HVPM_Sensored.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 
C:/ti/controlSUITE/libs/math/IQmath/v15c/include/IQmathLib.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/limits.h: 
../HVPM_Sensored.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/park.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/ipark.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/pi.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/clarke.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/svgen.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rampgen.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp_cntl.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_fr.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xileg_vdc.h: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/f2803xbmsk.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwm.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xdrvlib.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwmdac.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xqep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h: 
../dlog4ch-HVPM_Sensored.h: 
../HVPM_Sensored-Settings.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/math.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/linkage.h: 







Appendix A/BLDC_Testing/.settings/org.eclipse.cdt.codan.core.prefs

eclipse.preferences.version=1
inEditor=false
onBuild=false







Appendix A/HVPM_Sensored/.settings/org.eclipse.cdt.codan.core.prefs

eclipse.preferences.version=1
inEditor=false
onBuild=false







Appendix A/BLDC_Testing/.settings/org.eclipse.cdt.debug.core.prefs

eclipse.preferences.version=1
org.eclipse.cdt.debug.core.toggleBreakpointModel=com.ti.ccstudio.debug.CCSBreakpointMarker







Appendix A/HVPM_Sensored/.settings/org.eclipse.cdt.debug.core.prefs

eclipse.preferences.version=1
org.eclipse.cdt.debug.core.toggleBreakpointModel=com.ti.ccstudio.debug.CCSBreakpointMarker







Appendix A/BLDC_Testing/.settings/org.eclipse.core.resources.prefs

eclipse.preferences.version=1
encoding//F2803x_FLASH/makefile=UTF-8
encoding//F2803x_FLASH/objects.mk=UTF-8
encoding//F2803x_FLASH/sources.mk=UTF-8
encoding//F2803x_FLASH/subdir_rules.mk=UTF-8
encoding//F2803x_FLASH/subdir_vars.mk=UTF-8







Appendix A/HVPM_Sensored/.settings/org.eclipse.core.resources.prefs

eclipse.preferences.version=1
encoding//F2803x_FLASH/makefile=UTF-8
encoding//F2803x_FLASH/objects.mk=UTF-8
encoding//F2803x_FLASH/sources.mk=UTF-8
encoding//F2803x_FLASH/subdir_rules.mk=UTF-8
encoding//F2803x_FLASH/subdir_vars.mk=UTF-8
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			 1
			 CONTROLSUITE_HVMOTOR_ROOT/libs/math/IQmath/v15c/lib/IQmath.lib
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			 1
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			 1
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			 ORIGINAL_PROJECT_ROOT
			 file:/C:/ti/controlSUITE/development_kits/HVMotorCtrl+PfcKit_v2.1/HVPM_Sensored
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	 HVBLDC_Sensorless
	 
	 
	
	 
		 
			 org.eclipse.cdt.managedbuilder.core.genmakebuilder
			 
			
		
	
	 
		 org.eclipse.cdt.core.cnature
		 org.eclipse.cdt.core.ccnature
		 org.eclipse.cdt.managedbuilder.core.managedBuildNature
		 com.ti.ccstudio.managedbuild.core.ccsNature
	
	 
		 
			 DSP2803x_CodeStartBranch.asm
			 1
			 CONTROLSUITE_HVMOTOR_ROOT/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm
		
		 
			 DSP2803x_Headers_nonBIOS.cmd
			 1
			 CONTROLSUITE_HVMOTOR_ROOT/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd
		
		 
			 IQmath.lib
			 1
			 CONTROLSUITE_HVMOTOR_ROOT/libs/math/IQmath/v15c/lib/IQmath.lib
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metadata/mwcoreProperties.xml


  application/vnd.mathworks.simulink.model Simulink Model R2014b
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0          1         1          -1               0               +1
1          0         0         +1               0               -1
1          0         1         +1              -1                0
1          1         0          0              +1               -1
1          1         1          0               0                0
 
	     [734, 449, 988, 620]
	     [0, 0, 0, 0]
	     off
	     off
	     -15
	  
	
      
       
	 [1, 1]
	 [880, 205, 960, 245]
	 757
	 on
	 alternate
	 off
	 
	   [-8, -8, 1374, 736]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	   
	     [20, 143, 50, 157]
	     -1
	     Port number
	  
	   
	     [1, 1]
	     [275, 59, 320, 81]
	     -2
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     >
	     boolean
	     off
	  
	   
	     [1, 1]
	     [275, 99, 320, 121]
	     -3
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     <
	     boolean
	     off
	  
	   
	     [1, 1]
	     [275, 139, 320, 161]
	     -4
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     >
	     boolean
	     off
	  
	   
	     [1, 1]
	     [275, 179, 320, 201]
	     -5
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     <
	     boolean
	     off
	  
	   
	     [1, 1]
	     [270, 219, 315, 241]
	     -6
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     >
	     boolean
	     off
	  
	   
	     [1, 1]
	     [270, 259, 315, 281]
	     -7
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     <
	     boolean
	     off
	  
	   
	     [1, 3]
	     [155, 28, 160, 272]
	     -8
	     black
	     off
	     3
	     bar
	  
	   
	     [6, 1]
	     [420, 124, 425, 221]
	     -9
	     off
	     6
	     bar
	  
	   
	     [6]
	     [685, 79, 730, 141]
	     96
	     [0.000000, 0.819608, 0.000000]
	     alternate
	     off
	     [425, 188, 1133, 660]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.501960784313725 0.501960784313725 0.501960784313725]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.02596599690880989
	     0~-2e-15~-0.5~0~0~0
	     2~2~2~2~2~2
	     on
	     IE3
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [465, 168, 495, 182]
	     -10
	     Port number
	  
	   
	     1
	     106#out:1
	     113#in:1
	  
	   
	     2
	     121#out:1
	     123#in:1
	  
	   
	     3
	     113#out:1
	     [75, 0]
	     
	       4
	       107#in:1
	    
	     
	       5
	       [0, 40]
	       108#in:1
	    
	  
	   
	     6
	     113#out:2
	     [75, 0]
	     
	       7
	       109#in:1
	    
	     
	       8
	       [0, 40]
	       110#in:1
	    
	  
	   
	     9
	     113#out:3
	     [70, 0]
	     
	       10
	       111#in:1
	    
	     
	       11
	       [0, 40]
	       112#in:1
	    
	  
	   
	     12
	     107#out:1
	     [60, 0; 0, 20]
	     
	       17
	       [285, 0]
	       122#in:1
	    
	     
	       18
	       [0, 45]
	       121#in:1
	    
	  
	   
	     19
	     108#out:1
	     [45, 0]
	     
	       23
	       [0, 40]
	       121#in:2
	    
	     
	       24
	       [0, -15]
	       122#in:2
	    
	  
	   
	     25
	     109#out:1
	     [30, 0; 0, 15; 21, 0]
	     
	       30
	       [0, -60]
	       122#in:3
	    
	     
	       31
	       121#in:3
	    
	  
	   
	     32
	     110#out:1
	     [30, 0; 0, -10; 41, 0]
	     
	       37
	       [0, -64; 41, 0; 0, -1]
	       122#in:4
	    
	     
	       38
	       121#in:4
	    
	  
	   
	     39
	     111#out:1
	     [45, 0; 0, -35; 33, 0]
	     
	       44
	       [0, 39; 185, 0; 0, -109]
	       122#in:5
	    
	     
	       45
	       121#in:5
	    
	  
	   
	     47
	     112#out:1
	     [60, 0; 0, -60; 25, 0]
	     
	       52
	       [0, 18; 222, 0; 0, -93]
	       122#in:6
	    
	     
	       53
	       121#in:6
	    
	  
	   
	     This module implements the following true table

   emf_a   |   emf_b   |   emf_c   ||   Q1   |   Q2   |   Q3   |   Q4   |   Q5   |   Q6
    ------------------------------------------------------------------------------------------------------------------
      0              0                0            0          0          0           0        0        0
      0               -1              +1          0          0          0           1        1        0
    -1              +1                0          0          1          1           0        0        0
    -1               0               +1          0          1         0           0        1        0
   +1               0                -1          1          0          0           0        0        1
   +1              -1                0           1          0          0           1        0        0
     0              +1               -1           0          0          1           0        0        1
    0              0                0             0          0          0           0        0        0
 
	     [623, 329, 979, 500]
	     [0, 0, 0, 0]
	     off
	     off
	     -1
	  
	
      
       
	 []
	 [300, 90, 327, 115]
	 758
	 off
	 showdemo(bdroot(gcb))
	 off
	 
	   disp('?')
	
	 
	   [16, 52, 804, 708]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	
      
       
	 [3, 0, 0, 0, 0, 0, 4]
	 [835, 320, 885, 400]
	 830
	 off
	 
	   [-8, -8, 1374, 736]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   80
	   
	     [920, 363, 950, 377]
	     854
	     Port number
	  
	   
	     [1050, 83, 1080, 97]
	     886
	     2
	     Port number
	  
	   
	     [448, 370, 462, 400]
	     887
	     270
	     3
	     Port number
	  
	   
	     [1, 0, 0, 0, 0, 1, 1]
	     [447, 300, 483, 345]
	     883
	     270
	     off
	     1.2446
	     powerlib/Electrical
Sources/Controlled Voltage Source
	     Controlled Voltage Source
	     off
	     on
	     AC
	     500
	     0
	     0
	     Voltage
	  
	   
	     [1, 2]
	     [400, 81, 405, 119]
	     874
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 6]
	     [990, 95, 995, 645]
	     850
	     black
	     off
	     6
	     bar
	  
	   
	     [1, 2]
	     [400, 171, 405, 209]
	     876
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 261, 405, 299]
	     877
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 351, 405, 389]
	     878
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 441, 405, 479]
	     879
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 531, 405, 569]
	     880
	     on
	     off
	     2
	     bar
	  
	   
	     [545, 211, 585, 229]
	     818
	     off
	     tagdialog Close
	     Q1
	  
	   
	     [540, 341, 580, 359]
	     817
	     off
	     tagdialog Close
	     Q2
	  
	   
	     [640, 211, 680, 229]
	     816
	     off
	     tagdialog Close
	     Q3
	  
	   
	     [640, 341, 680, 359]
	     815
	     off
	     tagdialog Close
	     Q4
	  
	   
	     [785, 211, 825, 229]
	     823
	     off
	     tagdialog Close
	     Q5
	  
	   
	     [785, 341, 825, 359]
	     822
	     off
	     tagdialog Close
	     Q6
	  
	   
	     [1380, 224, 1425, 246]
	     855
	     off
	     Q2
	  
	   
	     [1380, 299, 1425, 321]
	     856
	     off
	     Q3
	  
	   
	     [1380, 404, 1425, 426]
	     857
	     off
	     Q4
	  
	   
	     [1380, 494, 1425, 516]
	     858
	     off
	     Q5
	  
	   
	     [1380, 584, 1425, 606]
	     859
	     off
	     Q6
	  
	   
	     [1380, 114, 1425, 136]
	     853
	     off
	     Q1
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [596, 235, 629, 280]
	     812
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [590, 365, 625, 410]
	     811
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [695, 235, 730, 280]
	     810
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [686, 365, 724, 410]
	     809
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [840, 235, 875, 280]
	     821
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [831, 365, 869, 410]
	     820
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1]
	     [1150, 256, 1200, 294]
	     846
	     1.59
	     powerlib_meascontrol/Pulse & Signal
Generators/PWM Generator
(DC-DC)
	     PWM Generator (DC-DC)
	     off
	     Freq
	     0
	  
	   
	     [1, 1]
	     [1150, 436, 1200, 474]
	     848
	     1.59
	     powerlib_meascontrol/Pulse & Signal
Generators/PWM Generator
(DC-DC)
	     PWM Generator (DC-DC)
	     off
	     Freq
	     0
	  
	   
	     [1, 1]
	     [1150, 71, 1200, 109]
	     844
	     1.59
	     powerlib_meascontrol/Pulse & Signal
Generators/PWM Generator
(DC-DC)
	     PWM Generator (DC-DC)
	     off
	     Freq
	     0
	  
	   
	     [2, 1]
	     [1250, 292, 1280, 323]
	     847
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [1250, 487, 1280, 518]
	     849
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [1250, 107, 1280, 138]
	     845
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [6]
	     [1475, 85, 1520, 635]
	     861
	     green
	     off
	     [1366, 73, 2646, 1043]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.5 0.5 0.5]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.1
	     -0~-1~-1~-0~-1~-1
	     2~1~1~2~1~1
	     on
	     sps1phPWM2_str1
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [6]
	     [185, 40, 230, 590]
	     881
	     on
	     green
	     off
	     [505, 239, 945, 618]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.5 0.5 0.5]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.1
	     -0~-1~-1~-0~-1~-1
	     2~1~1~2~1~1
	     on
	     sps1phPWM2_str2
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [6]
	     [245, 40, 290, 590]
	     875
	     on
	     green
	     off
	     [10, 60, 1372, 738]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.5 0.5 0.5]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.1
	     -0~-1~-1~-0~-1~-1
	     2~1~1~2~1~1
	     on
	     sps1phPWM2_str4
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [650, 303, 680, 317]
	     833
	     on
	     1
	     Right
	  
	   
	     [770, 303, 800, 317]
	     834
	     on
	     2
	     Right
	  
	   
	     [895, 323, 925, 337]
	     835
	     on
	     3
	     Right
	  
	   
	     [485, 358, 515, 372]
	     896
	     on
	     4
	     Right
	  
	   
	     329
	     277#rconn:1
	     [-5, 0; 0, 15]
	     
	       296#rconn:1
	       [-20, 0]
	    
	     
	       278#lconn:1
	    
	  
	   
	     320
	     [620, 205; 0, 15]
	     277#lconn:1
	     
	       [-155, 0]
	       396#rconn:1
	    
	     
	       [100, 0]
	       
		 281#lconn:1
		 [0, -15; -145, 0]
	      
	       
		 279#lconn:1
	      
	    
	  
	   
	     314
	     278#rconn:1
	     [-5, 0; 0, 15]
	     
	       [-135, 0; 0, -75]
	       
		 509#rconn:1
		 [5, 0]
	      
	       
		 396#lconn:1
	      
	    
	     
	       [705, 440; -95, 0]
	       
		 282#rconn:1
		 [0, 15; -155, 0]
	      
	       
		 280#rconn:1
		 [-10, 0; 0, 15]
	      
	    
	  
	   
	     332
	     279#rconn:1
	     [-5, 0; 0, 15]
	     
	       297#rconn:1
	       [-40, 0]
	    
	     
	       280#lconn:1
	    
	  
	   
	     350
	     [860, 330; 0, -35; 5, 0]
	     281#rconn:1
	     
	       298#rconn:1
	       [-20, 0]
	    
	     
	       282#lconn:1
	       [0, -20]
	    
	  
	   
	     177
	     269#out:1
	     278#in:1
	  
	   
	     178
	     270#out:1
	     279#in:1
	  
	   
	     182
	     272#out:1
	     281#in:1
	  
	   
	     174
	     268#out:1
	     277#in:1
	  
	   
	     179
	     271#out:1
	     280#in:1
	  
	   
	     180
	     273#out:1
	     282#in:1
	  
	   
	     361
	     365#out:1
	     [24, 0; 0, 25]
	     368#in:1
	  
	   
	     364
	     363#out:1
	     [24, 0; 0, 25]
	     366#in:1
	  
	   
	     641
	     401#out:1
	     [30, 0]
	     
	       370
	       [0, 185]
	       
		 369
		 [0, 180]
		 364#in:1
	      
	       
		 368
		 363#in:1
	      
	    
	     
	       367
	       365#in:1
	    
	  
	   
	     372
	     364#out:1
	     [24, 0; 0, 40]
	     367#in:1
	  
	   
	     378
	     346#out:1
	     362#in:1
	  
	   
	     384
	     367#out:1
	     [66, 0]
	     
	       589
	       [0, -25; 82, 0; 0, 15]
	       371#in:5
	    
	     
	       588
	       352#in:1
	    
	  
	   
	     439
	     362#out:3
	     [34, 0; 0, 9; 195, 0; 0, -19]
	     366#in:2
	  
	   
	     440
	     362#out:4
	     [353, 0]
	     
	       587
	       [0, 25; 80, 0; 0, -35]
	       371#in:4
	    
	     
	       586
	       351#in:1
	    
	  
	   
	     531
	     388#out:1
	     387#in:2
	  
	   
	     532
	     386#out:1
	     [0, -18; -90, 0]
	     387#in:1
	  
	   
	     533
	     389#out:1
	     387#in:3
	  
	   
	     534
	     390#out:1
	     387#in:4
	  
	   
	     536
	     391#out:1
	     387#in:5
	  
	   
	     537
	     277#out:1
	     [0, 9; -185, 0]
	     386#in:1
	  
	   
	     538
	     278#out:1
	     [0, 9; -82, 0; 0, -234]
	     388#in:1
	  
	   
	     539
	     279#out:1
	     [-265, 0; 0, -5]
	     389#in:1
	  
	   
	     540
	     280#out:1
	     [0, 18; -275, 0]
	     390#in:1
	  
	   
	     541
	     281#out:1
	     [0, 62; 26, 0; 0, 113]
	     391#in:1
	  
	   
	     542
	     282#out:1
	     [0, 135]
	     392#in:1
	  
	   
	     544
	     386#out:2
	     [-138, 0; 0, -20]
	     393#in:1
	  
	   
	     545
	     388#out:2
	     [-101, 0; 0, -20]
	     393#in:2
	  
	   
	     546
	     389#out:2
	     [-80, 0; 0, -20]
	     393#in:3
	  
	   
	     547
	     390#out:2
	     [-80, 0; 0, -20]
	     393#in:4
	  
	   
	     548
	     391#out:2
	     [-80, 0; 0, -20]
	     393#in:5
	  
	   
	     549
	     392#out:2
	     [-80, 0; 0, -20]
	     393#in:6
	  
	   
	     555
	     362#out:1
	     [228, 0; 0, -15]
	     368#in:2
	  
	   
	     556
	     362#out:2
	     [331, 0]
	     
	       560
	       [0, 25; 128, 0; 0, -35]
	       371#in:2
	    
	     
	       559
	       349#in:1
	    
	  
	   
	     437
	     362#out:5
	     [54, 0; 0, 5]
	     367#in:2
	  
	   
	     581
	     362#out:6
	     [338, 0]
	     
	       591
	       [0, 25; 121, 0; 0, -35]
	       371#in:6
	    
	     
	       590
	       353#in:1
	    
	  
	   
	     380
	     366#out:1
	     [80, 0]
	     
	       584
	       [1, 0; 0, -18; 67, 0; 0, 23]
	       371#in:3
	    
	     
	       583
	       348#in:1
	    
	  
	   
	     640
	     402#out:1
	     396#in:1
	  
	   
	     690
	     368#out:1
	     [61, 0]
	     
	       692
	       [0, 25; 87, 0; 0, -15]
	       371#in:1
	    
	     
	       691
	       369#in:1
	    
	  
	   
	     543
	     392#out:1
	     387#in:6
	  
	
      
       
	 [755, 332, 785, 368]
	 937
      
       
	 [2, 1]
	 [1565, 301, 1570, 339]
	 922
	 off
	 2
	 bar
      
       
	 [2, 1]
	 [1565, 341, 1570, 379]
	 923
	 off
	 2
	 bar
      
       
	 [2, 1]
	 [1565, 381, 1570, 419]
	 924
	 off
	 2
	 bar
      
       
	 [1]
	 [1455, 254, 1485, 286]
	 756
	 green
	 alternate
	 off
	 [10, 60, 1372, 738]
	 off
	 1
	 
	   Rotor speed (rpm)
	
	 
	   [0.5 0.5 0.5]
	   [0 0 0]
	   [1 1 1]
	   [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	   -|-|-|-|-|-
	   [0.5 0.5 0.5 0.5 0.5 0.5]
	   none|none|none|none|none|none
	
	 off
	 0.4
	 2050
	 2400
	 on
	 N
	 StructureWithTime
	 off
	 0
	 off
      
       
	 [1]
	 [1295, 274, 1325, 306]
	 936
	 green
	 alternate
	 off
	 [10, 60, 1372, 738]
	 off
	 1
	 
	   Rotor speed (rpm)
	
	 
	   [0.5 0.5 0.5]
	   [0 0 0]
	   [1 1 1]
	   [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	   -|-|-|-|-|-
	   [0.5 0.5 0.5 0.5 0.5 0.5]
	   none|none|none|none|none|none
	
	 off
	 0.4
	 2050
	 2400
	 on
	 N4
	 StructureWithTime
	 off
	 0
	 off
      
       
	 [1, 1, 0, 0, 0, 3]
	 [1045, 303, 1130, 377]
	 885
	 1.2446
	 11
	 powerlib/Machines/Permanent Magnet
Synchronous Machine
	 Permanent Magnet Synchronous Machine
	 off
	 3
	 Trapezoidal
	 Round
	 Torque Tm
	 No
	 on
	 off
	 11
	 33.5e-3
	 [8.5e-3, 8.5e-3]
	 0.000835
	 Torque Constant (N.m / A_peak)
	 0.0825
	 34.5575
	 0.33
	 120
	 [ 0.000023,0 2] 
	 4
	 [0,0, 0,0]
	 [0 0 0 0 0 0]
	 0
	 -1
	 90 degrees behind phase A axis (modified Park)
      
       
	 [990, 270, 1020, 300]
	 754
	 0.3
	 0.2
	 0.35
	 0
      
       
	 [2]
	 [1360, 507, 1390, 538]
	 908
	 green
	 alternate
	 off
	 [10, 216, 1372, 757]
	 off
	 2
	 
	   Rotor speed (rpm)
	   %<SignalLabel>
	
	 
	   [0.5 0.5 0.5]
	   [0 0 0]
	   [1 1 1]
	   [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	   -|-|-|-|-|-
	   [0.5 0.5 0.5 0.5 0.5 0.5]
	   none|none|none|none|none|none
	
	 off
	 0.4
	 -200~-50
	 1000~350
	 on
	 N3
	 StructureWithTime
	 off
	 0
	 off
      
       
	 [770, 385, 800, 415]
	 934
	 0.1
	 100
	 0
      
       
	 [1, 1]
	 [690, 330, 730, 390]
	 891
	 off
	 
	   [1358, -8, 2654, 1032]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	   
	     [20, 203, 50, 217]
	     880
	     Port number
	     
	       1
	       up
	       Auto
	       SignalName
	    
	  
	   
	     [520, 80, 550, 110]
	     878
	     on
	     alternate
	     off
	     
	       1
	       w1
	       Auto
	       SignalName
	    
	  
	   
	     [250, 65, 280, 95]
	     871
	     8.5e-3
	  
	   
	     [485, 255, 515, 285]
	     867
	     2.8750 
	  
	   
	     [2, 1]
	     [310, 37, 340, 68]
	     870
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [560, 212, 590, 243]
	     866
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	     
	       1
	       v1
	       Auto
	       SignalName
	    
	  
	   
	     [1, 1]
	     [630, 215, 660, 245]
	     868
	     u0
	     1
	     0
	     off
	     off
	     
	       1
	       u(k)
	       Auto
	       SignalName
	    
	  
	   
	     [2, 1]
	     [385, 40, 415, 70]
	     872
	     off
	     round
	     |++
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [485, 205, 515, 235]
	     865
	     off
	     round
	     ++|
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [580, 80, 610, 110]
	     877
	     on
	     alternate
	     off
	     round
	     |-+
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [325, 190, 375, 230]
	     869
	     u2 > Threshold
	     off
	     off
	     off
	     
	       1
	       ui
	       Auto
	       SignalName
	    
	  
	   
	     [383, 130, 417, 165]
	     873
	     270
	     -1
	  
	   
	     [383, 235, 417, 270]
	     874
	     270
	     on
	     alternate
	     -1
	     
	       1
	       i1
	       Auto
	       SignalName
	    
	  
	   
	     [578, 135, 612, 170]
	     875
	     270
	     -1
	  
	   
	     [668, 135, 702, 170]
	     876
	     270
	     -1
	  
	   
	     [725, 223, 755, 237]
	     882
	     Port number
	  
	   
	     1
	     460#out:1
	     456#in:2
	  
	   
	     v1
	     2
	     454#out:1
	     [0, 0]
	     
	       3
	       455#in:1
	    
	     
	       4
	       [1, 1]
	       462#in:1
	    
	  
	   
	     w1
	     5
	     [2, 1]
	     450#out:1
	     [-222, 0; 0, 115]
	     459#in:2
	  
	   
	     i1
	     6
	     [1, 1]
	     461#out:1
	     [-125, 0; 0, -80]
	     459#in:1
	  
	   
	     ui
	     7
	     459#out:1
	     [20, 0]
	     
	       8
	       460#in:1
	    
	     
	       9
	       461#in:1
	    
	     
	       10
	       [3, 1]
	       [30, 0; 0, 10]
	       457#in:2
	    
	  
	   
	     11
	     451#out:1
	     [9, 0; 0, -20]
	     453#in:2
	  
	   
	     up
	     12
	     449#out:1
	     [144, 0]
	     
	       13
	       [1, 1]
	       [0, -187; 301, 0]
	       457#in:1
	    
	     
	       14
	       [27, 0; 0, -165]
	       453#in:1
	    
	  
	   
	     15
	     453#out:1
	     456#in:1
	  
	   
	     16
	     462#out:1
	     458#in:2
	  
	   
	     17
	     452#out:1
	     [17, 0; 0, -35]
	     454#in:2
	  
	   
	     18
	     456#out:1
	     [52, 0; 0, 229; -179, 0; 0, -59]
	     459#in:3
	  
	   
	     19
	     458#out:1
	     450#in:1
	  
	   
	     u(k)
	     20
	     [1, 0]
	     455#out:1
	     [20, 0]
	     
	       21
	       464#in:1
	    
	     
	       22
	       463#in:1
	    
	  
	   
	     23
	     463#out:1
	     [0, -35]
	     458#in:1
	  
	   
	     24
	     457#out:1
	     454#in:1
	  
	
      
       
	 [1, 1]
	 [570, 330, 610, 390]
	 882
	 off
	 
	   [-8, -8, 1374, 736]
	   on
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	   
	     [130, 203, 160, 217]
	     880
	     Port number
	     
	       1
	       up
	       Auto
	       SignalName
	    
	  
	   
	     [520, 80, 550, 110]
	     878
	     on
	     alternate
	     off
	     
	       1
	       w1
	       Auto
	       SignalName
	    
	  
	   
	     [250, 65, 280, 95]
	     871
	     0.25
	  
	   
	     [485, 255, 515, 285]
	     867
	     0.025
	  
	   
	     [2, 1]
	     [310, 37, 340, 68]
	     870
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [560, 212, 590, 243]
	     866
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	     
	       1
	       v1
	       Auto
	       SignalName
	    
	  
	   
	     [1, 1]
	     [630, 215, 660, 245]
	     868
	     u0
	     1
	     0
	     off
	     off
	     
	       1
	       u(k)
	       Auto
	       SignalName
	    
	  
	   
	     [2, 1]
	     [385, 40, 415, 70]
	     872
	     off
	     round
	     |++
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [485, 205, 515, 235]
	     865
	     off
	     round
	     ++|
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [580, 80, 610, 110]
	     877
	     on
	     alternate
	     off
	     round
	     |-+
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [325, 190, 375, 230]
	     869
	     u2 > Threshold
	     off
	     off
	     off
	     
	       1
	       ui
	       Auto
	       SignalName
	    
	  
	   
	     [383, 130, 417, 165]
	     873
	     270
	     -1
	  
	   
	     [383, 235, 417, 270]
	     874
	     270
	     on
	     alternate
	     -1
	     
	       1
	       i1
	       Auto
	       SignalName
	    
	  
	   
	     [578, 135, 612, 170]
	     875
	     270
	     -1
	  
	   
	     [668, 135, 702, 170]
	     876
	     270
	     -1
	  
	   
	     [725, 223, 755, 237]
	     882
	     Port number
	  
	   
	     345
	     417#out:1
	     413#in:2
	  
	   
	     v1
	     334
	     410#out:1
	     [0, 0]
	     
	       333
	       411#in:1
	    
	     
	       332
	       [1, 1]
	       419#in:1
	    
	  
	   
	     w1
	     347
	     [2, 1]
	     406#out:1
	     [-222, 0; 0, 115]
	     416#in:2
	  
	   
	     i1
	     348
	     [1, 1]
	     418#out:1
	     [-125, 0; 0, -80]
	     416#in:1
	  
	   
	     ui
	     341
	     416#out:1
	     [20, 0]
	     
	       340
	       417#in:1
	    
	     
	       339
	       418#in:1
	    
	     
	       338
	       [3, 1]
	       [30, 0; 0, 10]
	       414#in:2
	    
	  
	   
	     330
	     407#out:1
	     [9, 0; 0, -20]
	     409#in:2
	  
	   
	     up
	     357
	     423#out:1
	     [34, 0]
	     
	       336
	       [1, 1]
	       [0, -187; 301, 0]
	       414#in:1
	    
	     
	       335
	       [27, 0; 0, -165]
	       409#in:1
	    
	  
	   
	     346
	     409#out:1
	     413#in:1
	  
	   
	     342
	     419#out:1
	     415#in:2
	  
	   
	     353
	     408#out:1
	     [17, 0; 0, -35]
	     410#in:2
	  
	   
	     331
	     413#out:1
	     [52, 0; 0, 229; -179, 0; 0, -59]
	     416#in:3
	  
	   
	     344
	     415#out:1
	     406#in:1
	  
	   
	     u(k)
	     351
	     [1, 0]
	     411#out:1
	     [20, 0]
	     
	       356
	       425#in:1
	    
	     
	       349
	       420#in:1
	    
	  
	   
	     343
	     420#out:1
	     [0, -35]
	     415#in:1
	  
	   
	     352
	     414#out:1
	     410#in:1
	  
	
      
       
	 []
	 [265, 115, 361, 156]
	 748
	 2
	 1.2446
	 on
	 
	 11
	 powerlib/powergui
	 PSB option menu block
	 off
	 Discrete
	 Tustin/Backward Euler (TBE)
	 5e-06
	 60
	 off
	 off
	 off
	 off
	 0
	 off
	 off
	 off
	 0
	 0
	 100e6
	 1e-4
	 50
	 kV
	 MW
	 off
	 off
	 off
	 off
	 blocks
	 warning
	 off
	 [0:2:500]
	 off
	 on
	 off
	 off
	 ZData
	 IE
	 off
	 0
	 12
	 1
	 60
	 off
	 1000
	 1
	 1
	 off
      
       
	 [1355, 261, 1375, 279]
	 747
	 30/pi
	 Inherit: Inherit via internal rule
	 Inherit: Inherit via internal rule
	 off
      
       
	 360
	 177#out:1
	 [5, 0]
	 426#in:1
      
       
	 358
	 59#out:1
	 422#in:1
      
       
	 63
	 67#out:1
	 105#in:1
      
       
	 361
	 426#out:1
	 [10, 0; 0, -55]
	 
	   73
	   [0, -4; 6, 0; 0, -11]
	   60#in:1
	
	 
	   72
	   [-26, 0; 0, -30]
	   61#in:1
	
      
       
	 75
	 61#out:1
	 [8, 0; 0, -49; -25, 0; 0, 19]
	 67#in:1
      
       
	 <Rotor speed wm (rad/s)>
	 76
	 [0, 0]
	 60#out:4
	 [0, 20]
	 259#in:1
      
       
	 111
	 65#out:1
	 59#in:1
      
       
	 <Stator current is_b (A)>
	 129
	 [0, 0]
	 60#out:2
	 [13, 0]
	 
	   523
	   [0, 141; 347, 0; 0, 39]
	   535#in:1
	
	 
	   379
	   56#in:1
	
      
       
	 <Stator current is_a (A)>
	 130
	 [0, 0]
	 60#out:1
	 [0, -25; 31, 0]
	 
	   669
	   [0, -29; 339, 0]
	   534#in:1
	
	 
	   668
	   [2, 1]
	   55#in:1
	
      
       
	 <Stator current is_c (A)>
	 131
	 [0, 0]
	 60#out:3
	 [32, 0]
	 
	   538
	   [0, 180]
	   536#in:1
	
	 
	   381
	   57#in:1
	
      
       
	 134
	 55#out:1
	 [45, 0]
	 58#in:1
      
       
	 137
	 56#out:1
	 58#in:2
      
       
	 140
	 57#out:1
	 [45, 0]
	 58#in:3
      
       
	 153
	 58#out:1
	 447#in:1
      
       
	 219
	 105#out:1
	 [-61, 0; 0, 110]
	 292#in:1
      
       
	 359
	 426#lconn:1
	 292#rconn:1
      
       
	 362
	 426#lconn:2
	 292#rconn:2
      
       
	 363
	 426#lconn:3
	 292#rconn:3
      
       
	 389
	 447#out:1
	 [19, 0; 0, 277; -769, 0]
	 465#in:2
      
       
	 395
	 465#out:1
	 448#in:1
      
       
	 476
	 502#out:1
	 [0, 20]
	 
	   478
	   511#in:1
	
	 
	   477
	   510#in:1
	
      
       
	 479
	 511#out:1
	 [0, 9; 140, 0]
	 510#in:2
      
       
	 627
	 551#out:1
	 [13, 0; 0, -15]
	 292#in:3
      
       
	 517
	 534#out:1
	 533#in:1
      
       
	 518
	 535#out:1
	 533#in:2
      
       
	 519
	 536#out:1
	 533#in:3
      
       
	 68
	 259#out:1
	 [20, 0]
	 
	   650
	   [0, 305; -870, 0]
	   59#in:2
	
	 
	   64
	   173#in:1
	
      
       
	 563
	 422#out:1
	 [5, 0]
	 
	   675
	   [0, -44; 116, 0; 0, 24]
	   554#in:1
	
	 
	   674
	   465#in:1
	
      
       
	 <Electromagnetic torque Te (N*m)>
	 654
	 [0, 0]
	 60#out:5
	 553#in:1
      
       
	 <Stator back EMF e_cV)>
	 657
	 [0, 0]
	 60#out:8
	 [124, 0]
	 
	   659
	   [0, 65]
	   502#in:3
	
	 
	   658
	   536#in:2
	
      
       
	 <Stator back EMF e_b (V)>
	 661
	 [0, 0]
	 60#out:7
	 [0, 0]
	 
	   663
	   [0, 105]
	   502#in:1
	
	 
	   662
	   535#in:2
	
      
       
	 <Stator back EMF e_a (V)>
	 664
	 [0, 0]
	 60#out:6
	 [25, 0]
	 
	   666
	   502#in:2
	
	 
	   665
	   534#in:2
	
      
       
	 672
	 448#out:1
	 554#in:2
      
       
	 673
	 554#out:1
	 [20, 0; 0, 10]
	 292#in:2
      
       
	 Reference 
speed (RPM)
	 [437, 399, 514, 432]
	 [0, 0, 0, 0]
	 on
	 on
	 -3
      
    
  










simulink/graphicalInterface.xml


 
   0
   0
   
   1.56
   0
   0










[Content_Types].xml


        









_rels/.rels


     









simulink/_rels/blockdiagram.xml.rels


   










Appendix B/Main.m


%%
clear;
load('Inertia.mat'); % Load values from the moment of inertia experiment
torque = 1.94292804*10^-3;
%% Motor values
L = 33.5*10^-3; % inductance [H]
R = 11; % ohm
Jm = 0.0000230206204; % inertia [kgm2]
Kt = 0.3299857642;
tau_e = L/(3*R);
J = M*Kt/alpha
Ke = 0.24828;
tau_m = (J*3*R)/(Ke*Kt);
Kt = (3*R*J)/(tau_m*Ke); % 0.0019

save('motorConstants.mat','L','R','tau_e','J','Ke','tau_m','Kt')
%%
close all;

H = tf([1/Ke],[tau_m*tau_e tau_m 1]) % Estimated response
%% SENSORLESS
u = 0.034; % Step
load('SENSORLESS2025_300Hz.MAT');  % Open-loop data
G1 = Channel_2_Data(14460:14460+4500); 
H1 = 38.11 + u*80*H; % step times 80 because 80V was used during experiments

load('SENSORLESSCLOSEDLOOP025_300Hz.MAT'); % Closed-loop data
R1 = Channel_2_Data;
T1 = Channel_3_Data;


%% HALL
u = 0.1;

load('HALL1016_300Hz.MAT');
G2 = Channel_2_Data(1857:1857+4500); 
H2 = u*80*H;

load('HALLCLOSEDLOOP025_300Hz.MAT');
R2 = Channel_2_Data;
T2 = Channel_3_Data;


load('HALLCLOSED02025_300Hz.MAT');  
GC2 = Channel_2_Data(1500:1500+4500); 

%% FOC
u = 0.1;

load('openloopFOC01080_300Hz.MAT'); 
G3 = Channel_2_Data(3817:3817+4500);
H3 = u*80*H;


load('FOCcurrentloop_300Hz.MAT')
R3 = Channel_2_Data;
T3 = Channel_3_Data;

G3_2 = Channel_2_Data(2420:2420+4500); 

load('FOCclosedspeedloopNy_300Hz.MAT')
R3_2 = Channel_2_Data;
T3_2 = Channel_3_Data;
%%

% Create open-loop response plots
figure()
subplot(3,1,1)
MakePlots(H1,G1,103/3000,'SENSORLESS',[30.117 55])
subplot(3,1,2)
MakePlots(H2,G2,0.1,'HALL',[0 40])
subplot(3,1,3)
MakePlots(H3,G3,0.1,'FOC',[0 40])


figure()
ziegler(G1(1:750),103/3000,'Ziegler open loop method');
%% Create closed-loop response plots

figure();

subplot(3,1,1)
t=[0:length(R1)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R1),t,T1);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);

ax = gca;
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})

title('Sensorless');
legend('Closed loop operation','Load');

subplot(3,1,2)
t=[0:length(R2)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R2),t,T2);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);


ax = gca;
%xticks = 0:5:length(R2)-1;
%set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})

title('Hall');

legend('Closed loop operation','Load');

subplot(3,1,3)
t=[0:length(R3)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R3),t,T3);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);



ax = gca;
%xticks = 0:5:length(R3)-1;
%set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})

hold on
t=[0:length(R3_2)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R3_2),t,T3_2);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);


title('FOC');

legend('Closed loop operation','Load');


figure()
MakePlots(H3,G3_2,0.25,'FOC2',[0 40])

figure()
load('FOCcurrentRAMP08_300Hz.MAT')

c1 = Channel_2_Data(104100: 104100+12600);
c2 = Channel_3_Data(104100: 104100+12600);
t=[0:length(c1)-1]'/300;
[ax h1 h2] = plotyy(t,-(c1),t,c2);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0.2 0.7]);
ylim(ax(1),[747 765]);
ax = gca;

set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})
legend('Closed loop operation','Load');
title('Iq = 0.8')
figure()

load('FOCcurrentRAMP_300Hz.MAT')

c1 = Channel_2_Data(5570: 5570+4132);
c2 = Channel_3_Data(5570: 5570+4132);
t=[0:length(c1)-1]'/300;
[ax h1 h2] = plotyy(t,-(c1),t,c2)
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.23]);
ylim(ax(1),[740 765]);
ax = gca;

set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})
legend('Closed loop operation','Load');
title('Iq = 1.0')
figure()
load('FOCcurrentRAMP_300Hz_001.MAT')

c1 = Channel_2_Data(4170: 4170+12333);
c2 = Channel_3_Data(4170: 4170+12333);
t=[0:length(c1)-1]'/300;
[ax h1 h2] = plotyy(t,-(c1),t,c2)
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.6]);
ylim(ax(1),[747 765]);
ax = gca;

set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})
legend('Closed loop operation','Load');
title('Iq = 1.2')







Appendix B/100v75v50v_300Hz.MAT

Channel_1_Data:[94339x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[94339x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[94339x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[94339x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[94339x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[94339x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOC.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/FOC2.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/FOCCLOSEDLOOP025_300Hz.MAT

Channel_1_Data:[20958x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[20958x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[20958x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[20958x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[20958x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[20958x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCclosedspeedloopNy_300Hz.MAT

Channel_1_Data:[21433x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[21433x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[21433x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[21433x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[21433x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[21433x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[21433x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCcurrentloop_300Hz.MAT

Channel_1_Data:[22697x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[22697x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[22697x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[22697x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[22697x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[22697x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[22697x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCcurrentRAMP08_300Hz.MAT

Channel_1_Data:[121050x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[121050x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[121050x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[121050x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[121050x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[121050x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[121050x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix B/FOCcurrentRAMP_300Hz.MAT

Channel_1_Data:[19629x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[19629x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[19629x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[19629x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[19629x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[19629x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[19629x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCcurrentRAMP_300Hz_001.MAT

Channel_1_Data:[21757x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[21757x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[21757x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[21757x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[21757x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[21757x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[21757x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCopenloopNy_300Hz.MAT

Channel_1_Data:[13401x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[13401x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[13401x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[13401x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[13401x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[13401x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[13401x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/HALL.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/HALL1016_300Hz.MAT

Channel_1_Data:[9641x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[9641x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[9641x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[9641x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[9641x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[9641x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x4  char array]









Appendix B/HALLCLOSED.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/HALLCLOSED02025_300Hz.MAT

Channel_1_Data:[10075x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[10075x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[10075x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[10075x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[10075x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[10075x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/HALLCLOSEDLOOP025_300Hz.MAT

Channel_1_Data:[22385x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[22385x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[22385x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[22385x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[22385x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[22385x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/Inertia.mat

alpha:[1x1  double array]


M:[1x1  double array]






Appendix B/lodd_300Hz.MAT

Channel_1_Data:[4308x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[4308x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[4308x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[4308x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[4308x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[4308x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x4  char array]









Appendix B/motorConstants.mat

L:[1x1  double array]


R:[1x1  double array]


Kt:[1x1  double array]


tau_e:[1x1  double array]


J:[1x1  double array]


Ke:[1x1  double array]


tau_m:[1x1  double array]






Appendix B/openloopFOC01080_300Hz.MAT

Channel_1_Data:[13682x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[13682x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[13682x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[13682x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[13682x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[13682x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/OpenLoops steg10_300Hz.MAT

Channel_1_Data:[67246x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[67246x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[67246x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[67246x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[67246x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[67246x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/OpenLoopsteg010_300Hz.MAT

Channel_1_Data:[11337x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[11337x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[11337x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[11337x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[11337x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[11337x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/OpenLoop_300Hz.MAT

Channel_1_Data:[9009x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[9009x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[9009x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[9009x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[9009x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[9009x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x4  char array]









Appendix B/SENSORLESS.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/SENSORLESS2025_300Hz.MAT

Channel_1_Data:[22571x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[22571x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[22571x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[22571x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[22571x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[22571x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/sensorless2327_300Hz.MAT

Channel_1_Data:[23627x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[23627x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[23627x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[23627x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[23627x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[23627x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/SENSORLESSCLOSEDFIXED_300Hz.MAT

Channel_1_Data:[125053x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[125053x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[125053x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[125053x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[125053x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[125053x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix B/SENSORLESSCLOSEDLOOP025_300Hz.MAT

Channel_1_Data:[21495x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[21495x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[21495x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[21495x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[21495x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[21495x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/sensorlessOppstart_300Hz.MAT

Channel_1_Data:[95877x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[95877x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[95877x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[95877x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[95877x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[95877x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/voltref_300Hz.MAT

Channel_1_Data:[222175x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[222175x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[222175x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[222175x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[222175x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[222175x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix B/Ziegler open loop method.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B

Matlab code

B.1 Description

The source code for the controller created in Matlab is found in folder ”Appendix B" in the at-

tached zip file:

The files included are:

ziegler.m that creates a plot showing how the parameters are found from Ziegler’s method.

PlotIT.m that is used for creating plots from the simulink model.

MakePlots.m makes plots of the estimated response, and the actual response. PI-parameters

are calculated using ziegler open-loop method.

Main.m is used for running all the different functions.

Lodd.m is used for finding the motor’s moment of inertia.

BLDC_model.slx is used for simulating the BLDC motor.

.MAT files contains measuring data.
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Appendix A/HVPM_Sensored/F2803x_FLASH/makefile

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

SHELL = cmd.exe

CG_TOOL_ROOT := C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2

ORDERED_OBJS += \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" \
"./DLOG4CHC.obj" \
"./DSP2803x_CodeStartBranch.obj" \
"./DSP2803x_GlobalVariableDefs.obj" \
"./DSP2803x_usDelay.obj" \
"./HVPM_Sensored-DevInit_F2803x.obj" \
"./HVPM_Sensored.obj" \
"../F28035_FLASH_HVPM_Sensored.CMD" \
"C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" \
$(GEN_CMDS__FLAG) \
-l"rts2800_ml.lib" \

-include ../makefile.init

RM := DEL /F
RMDIR := RMDIR /S/Q

# All of the sources participating in the build are defined here
-include sources.mk
-include subdir_vars.mk
-include subdir_rules.mk
-include objects.mk

ifneq ($(MAKECMDGOALS),clean)
ifneq ($(strip $(S_DEPS)),)
-include $(S_DEPS)
endif
ifneq ($(strip $(S_UPPER_DEPS)),)
-include $(S_UPPER_DEPS)
endif
ifneq ($(strip $(S62_DEPS)),)
-include $(S62_DEPS)
endif
ifneq ($(strip $(C64_DEPS)),)
-include $(C64_DEPS)
endif
ifneq ($(strip $(ASM_DEPS)),)
-include $(ASM_DEPS)
endif
ifneq ($(strip $(CC_DEPS)),)
-include $(CC_DEPS)
endif
ifneq ($(strip $(S55_DEPS)),)
-include $(S55_DEPS)
endif
ifneq ($(strip $(C67_DEPS)),)
-include $(C67_DEPS)
endif
ifneq ($(strip $(CLA_DEPS)),)
-include $(CLA_DEPS)
endif
ifneq ($(strip $(C??_DEPS)),)
-include $(C??_DEPS)
endif
ifneq ($(strip $(CPP_DEPS)),)
-include $(CPP_DEPS)
endif
ifneq ($(strip $(S??_DEPS)),)
-include $(S??_DEPS)
endif
ifneq ($(strip $(C_DEPS)),)
-include $(C_DEPS)
endif
ifneq ($(strip $(C62_DEPS)),)
-include $(C62_DEPS)
endif
ifneq ($(strip $(CXX_DEPS)),)
-include $(CXX_DEPS)
endif
ifneq ($(strip $(C++_DEPS)),)
-include $(C++_DEPS)
endif
ifneq ($(strip $(ASM_UPPER_DEPS)),)
-include $(ASM_UPPER_DEPS)
endif
ifneq ($(strip $(K_DEPS)),)
-include $(K_DEPS)
endif
ifneq ($(strip $(C43_DEPS)),)
-include $(C43_DEPS)
endif
ifneq ($(strip $(INO_DEPS)),)
-include $(INO_DEPS)
endif
ifneq ($(strip $(S67_DEPS)),)
-include $(S67_DEPS)
endif
ifneq ($(strip $(SA_DEPS)),)
-include $(SA_DEPS)
endif
ifneq ($(strip $(S43_DEPS)),)
-include $(S43_DEPS)
endif
ifneq ($(strip $(OPT_DEPS)),)
-include $(OPT_DEPS)
endif
ifneq ($(strip $(PDE_DEPS)),)
-include $(PDE_DEPS)
endif
ifneq ($(strip $(S64_DEPS)),)
-include $(S64_DEPS)
endif
ifneq ($(strip $(C_UPPER_DEPS)),)
-include $(C_UPPER_DEPS)
endif
ifneq ($(strip $(C55_DEPS)),)
-include $(C55_DEPS)
endif
endif

-include ../makefile.defs

# Add inputs and outputs from these tool invocations to the build variables 
EXE_OUTPUTS += \
HVPM_Sensored.out \

EXE_OUTPUTS__QUOTED += \
"HVPM_Sensored.out" \


# All Target
all: HVPM_Sensored.out

# Tool invocations
HVPM_Sensored.out: $(OBJS) $(CMD_SRCS) $(CMD_UPPER_SRCS) $(LIB_SRCS) $(GEN_CMDS)
	@echo 'Building target: $@'
	@echo 'Invoking: C2000 Linker'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 -z -m"HVPM_Sensored.map" --stack_size=0x380 --warn_sections -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/lib" -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" -i"C:/ti/controlSUITE/development_kits/HVMotorCtrl+PfcKit_v2.1/HVPM_Sensored" --reread_libs --xml_link_info="HVPM_Sensored_linkInfo.xml" --rom_model -o "HVPM_Sensored.out" $(ORDERED_OBJS)
	@echo 'Finished building target: $@'
	@echo ' '

# Other Targets
clean:
	-$(RM) $(EXE_OUTPUTS__QUOTED)
	-$(RM) "DSP2803x_GlobalVariableDefs.pp" "HVPM_Sensored-DevInit_F2803x.pp" "HVPM_Sensored.pp" 
	-$(RM) "DLOG4CHC.obj" "DSP2803x_CodeStartBranch.obj" "DSP2803x_GlobalVariableDefs.obj" "DSP2803x_usDelay.obj" "HVPM_Sensored-DevInit_F2803x.obj" "HVPM_Sensored.obj" 
	-$(RM) "DLOG4CHC.pp" "DSP2803x_CodeStartBranch.pp" "DSP2803x_usDelay.pp" 
	-@echo 'Finished clean'
	-@echo ' '

.PHONY: all clean dependents
.SECONDARY:

-include ../makefile.targets








Appendix A/BLDC_Testing/F2803x_FLASH/makefile

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

SHELL = cmd.exe

CG_TOOL_ROOT := C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2

ORDERED_OBJS += \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" \
"./DLOG4CHC.obj" \
"./DSP2803x_CodeStartBranch.obj" \
"./DSP2803x_CpuTimers.obj" \
"./DSP2803x_GlobalVariableDefs.obj" \
"./DSP2803x_usDelay.obj" \
"./HVBLDC_Sensorless-DevInit_F2803x.obj" \
"./HVBLDC_Sensorless.obj" \
"../F28035_FLASH_HVBLDC_Sensorless.CMD" \
"C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" \
$(GEN_CMDS__FLAG) \
-l"rts2800_ml.lib" \

-include ../makefile.init

RM := DEL /F
RMDIR := RMDIR /S/Q

# All of the sources participating in the build are defined here
-include sources.mk
-include subdir_vars.mk
-include subdir_rules.mk
-include objects.mk

ifneq ($(MAKECMDGOALS),clean)
ifneq ($(strip $(S_DEPS)),)
-include $(S_DEPS)
endif
ifneq ($(strip $(S_UPPER_DEPS)),)
-include $(S_UPPER_DEPS)
endif
ifneq ($(strip $(S62_DEPS)),)
-include $(S62_DEPS)
endif
ifneq ($(strip $(C64_DEPS)),)
-include $(C64_DEPS)
endif
ifneq ($(strip $(ASM_DEPS)),)
-include $(ASM_DEPS)
endif
ifneq ($(strip $(CC_DEPS)),)
-include $(CC_DEPS)
endif
ifneq ($(strip $(S55_DEPS)),)
-include $(S55_DEPS)
endif
ifneq ($(strip $(C67_DEPS)),)
-include $(C67_DEPS)
endif
ifneq ($(strip $(CLA_DEPS)),)
-include $(CLA_DEPS)
endif
ifneq ($(strip $(C??_DEPS)),)
-include $(C??_DEPS)
endif
ifneq ($(strip $(CPP_DEPS)),)
-include $(CPP_DEPS)
endif
ifneq ($(strip $(S??_DEPS)),)
-include $(S??_DEPS)
endif
ifneq ($(strip $(C_DEPS)),)
-include $(C_DEPS)
endif
ifneq ($(strip $(C62_DEPS)),)
-include $(C62_DEPS)
endif
ifneq ($(strip $(CXX_DEPS)),)
-include $(CXX_DEPS)
endif
ifneq ($(strip $(C++_DEPS)),)
-include $(C++_DEPS)
endif
ifneq ($(strip $(ASM_UPPER_DEPS)),)
-include $(ASM_UPPER_DEPS)
endif
ifneq ($(strip $(K_DEPS)),)
-include $(K_DEPS)
endif
ifneq ($(strip $(C43_DEPS)),)
-include $(C43_DEPS)
endif
ifneq ($(strip $(INO_DEPS)),)
-include $(INO_DEPS)
endif
ifneq ($(strip $(S67_DEPS)),)
-include $(S67_DEPS)
endif
ifneq ($(strip $(SA_DEPS)),)
-include $(SA_DEPS)
endif
ifneq ($(strip $(S43_DEPS)),)
-include $(S43_DEPS)
endif
ifneq ($(strip $(OPT_DEPS)),)
-include $(OPT_DEPS)
endif
ifneq ($(strip $(PDE_DEPS)),)
-include $(PDE_DEPS)
endif
ifneq ($(strip $(S64_DEPS)),)
-include $(S64_DEPS)
endif
ifneq ($(strip $(C_UPPER_DEPS)),)
-include $(C_UPPER_DEPS)
endif
ifneq ($(strip $(C55_DEPS)),)
-include $(C55_DEPS)
endif
endif

-include ../makefile.defs

# Add inputs and outputs from these tool invocations to the build variables 
EXE_OUTPUTS += \
HVBLDC_Sensorless.out \

EXE_OUTPUTS__QUOTED += \
"HVBLDC_Sensorless.out" \


# All Target
all: HVBLDC_Sensorless.out

# Tool invocations
HVBLDC_Sensorless.out: $(OBJS) $(CMD_SRCS) $(CMD_UPPER_SRCS) $(LIB_SRCS) $(GEN_CMDS)
	@echo 'Building target: $@'
	@echo 'Invoking: C2000 Linker'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 -z -m"HVBLDC_Sensorless.map" --stack_size=0x380 --warn_sections -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/lib" -i"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" -i"C:/ti/controlSUITE/development_kits/HVMotorCtrl+PfcKit_v2.1/HVBLDC_Sensorless" --reread_libs --xml_link_info="HVBLDC_Sensorless_linkInfo.xml" --rom_model -o "HVBLDC_Sensorless.out" $(ORDERED_OBJS)
	@echo 'Finished building target: $@'
	@echo ' '

# Other Targets
clean:
	-$(RM) $(EXE_OUTPUTS__QUOTED)
	-$(RM) "DSP2803x_CpuTimers.pp" "DSP2803x_GlobalVariableDefs.pp" "HVBLDC_Sensorless-DevInit_F2803x.pp" "HVBLDC_Sensorless.pp" 
	-$(RM) "DLOG4CHC.obj" "DSP2803x_CodeStartBranch.obj" "DSP2803x_CpuTimers.obj" "DSP2803x_GlobalVariableDefs.obj" "DSP2803x_usDelay.obj" "HVBLDC_Sensorless-DevInit_F2803x.obj" "HVBLDC_Sensorless.obj" 
	-$(RM) "DLOG4CHC.pp" "DSP2803x_CodeStartBranch.pp" "DSP2803x_usDelay.pp" 
	-@echo 'Finished clean'
	-@echo ' '

.PHONY: all clean dependents
.SECONDARY:

-include ../makefile.targets








Appendix A/math_blocks/v4.0/aci_fe.h

/* =================================================================================
File name:       ACI_FE.H   (IQ version)                  
===================================================================================*/

#ifndef __ACI_FE_H__
#define __ACI_FE_H__

typedef struct {  _iq  ThetaFlux;      	// Output: Rotor flux angle 
	              _iq  IQsS;		    // Input: Stationary q-axis stator current  
	              _iq  IDsS;         	// Input: Stationary d-axis stator current
	              _iq  IDsE;			// Variable: Measured current in sync. reference frame  
	              _iq  K1;           	// Parameter: Constant using in current model 
	              _iq  FluxDrE;        	// Variable: Rotating d-axis rotor flux (current model)
	              _iq  K2;           	// Parameter: Constant using in current model 
	              _iq  FluxQrS;        	// Variable: Stationary q-axis rotor flux (current model) 
	              _iq  FluxDrS;        	// Variable: Stationary d-axis rotor flux (current model) 
	              _iq  K3;           	// Parameter: Constant using in stator flux computation 
	              _iq  K4;           	// Parameter: Constant using in stator flux computation 
	              _iq  FluxDsS;        	// Variable: Stationary d-axis stator flux (current model) 
	              _iq  FluxQsS;        	// Variable: Stationary q-axis stator flux (current model) 
				  _iq  PsiDsS;			// Variable: Stationary d-axis stator flux (voltage model) 
	              _iq  Kp;           	// Parameter: PI proportionnal gain 
	              _iq  Error;			// Parameter: Error term
	              _iq  UiDsS;           // Variable: Stationary d-axis integral term 
	              _iq  UCompDsS;        // Variable: Stationary d-axis compensated voltage 
	              _iq  Ki;           	// Parameter: PI integral gain 
	              _iq  PsiQsS;       	// Variable: Stationary q-axis stator flux (voltage model) 
	              _iq  UiQsS;           // Variable: Stationary q-axis integral term  
	              _iq  UCompQsS;        // Variable: Stationary q-axis compensated voltage 
	              _iq  EmfDsS;          // Variable: Stationary d-axis back emf 
	              _iq  UDsS;         	// Input: Stationary d-axis stator voltage 
	              _iq  K5;           	// Parameter: Constant using in back emf computation 
	              _iq  K6;           	// Parameter: Constant using in back emf computation 
	              _iq  EmfQsS;          // Variable: Stationary q-axis back emf  
	              _iq  UQsS;         	// Input: Stationary q-axis stator voltage 
	              _iq  K8;           	// Parameter: Constant using in rotor flux computation 
	              _iq  K7;           	// Parameter: Constant using in rotor flux computation 
				  _iq  PsiDrS;			// Output: Stationary d-axis estimated rotor flux 
				  _iq  PsiQrS;			// Output: Stationary q-axis estimated rotor flux 
				  _iq  OldEmf;		    // Variable: Old back-emf term
				  _iq  Sine;			// Variable: Sine term
				  _iq  Cosine;			// Variable: Cosine term 
				 } ACIFE;	            

/*-----------------------------------------------------------------------------
	Default initalizer for the ACIFE object.
-----------------------------------------------------------------------------*/                     
#define ACIFE_DEFAULTS {  0,    /*  ThetaFlux  */  	\
	                      0,    /*  IDsS  */     	\
	                      0,    /*  IQsS  */     	\
	                      0,    /*  IQsE  */     	\
	                      0,    /*  K1 */       	\
	                      0,    /*  FluxDrE  */    	\
	                      0,    /*  K2  */       	\
	                      0,    /*  FluxDrS  */    	\
	                      0,    /*  FluxQrS  */    	\
	                      0,    /*  K3  */       	\
	                      0,    /*  K4  */       	\
	                      0,    /*  FluxDsS  */    	\
	                      0,    /*  FluxQsS  */    	\
	 		              0,    /*  PsiDsS  */   	\
	                      0,    /*  Kp  */       	\
	                      0,    /*  Error  */      	\
	                      0,    /*  UiDsS  */    	\
	                      0,    /*  UCompDsS  */    \
	                      0,    /*  Ki  */ 			\
	                      0,    /*  PsiQsS  */   	\
 	                      0,    /*  UiQsS  */    	\
	                      0,    /*  UCompQsS  */    \
	                      0,    /*  EmfDsS  */      \
                          0,    /*  UDsS  */     	\
	                      0,    /*  K5  */       	\
	                      0,    /*  K6  */       	\
	                      0,    /*  EmfQsS  */      \
                          0,    /*  UQsS  */     	\
	                      0,    /*  K8  */       	\
	                      0,    /*  K7  */       	\
		                  0,    /*  PsiDrS  */   	\
		                  0,	/*  PsiQrS  */   	\
		                  0,	/*  OldEmf  */   	\
		                  0,	/*  Sine  */	   	\
		                  0,	/*  Cosine  */   	\
						}	              			 

/*------------------------------------------------------------------------------
	ACI Flux Estimator MACRO Definition 
------------------------------------------------------------------------------*/


#define ACIFE_MACRO(v)															\
																				\
/* Calculate Sine and Cosine terms for Park/IPark transformations	*/			\
	v.Sine 	 = _IQsinPU(v.ThetaFlux);											\
	v.Cosine = _IQcosPU(v.ThetaFlux);											\
																				\
/* Park transformation on the measured stator current*/							\
	v.IDsE = _IQmpy(v.IQsS,v.Sine);												\
	v.IDsE += _IQmpy(v.IDsS,v.Cosine);											\
																				\
/* The current model section (Classical Rotor Flux Vector Control Equation)*/	\
	v.FluxDrE = _IQmpy(v.K1,v.FluxDrE) + _IQmpy(v.K2,v.IDsE);					\
																				\
/* Inverse park transformation on the rotor flux from the current model*/		\
	v.FluxDrS = _IQmpy(v.FluxDrE,v.Cosine);										\
	v.FluxQrS = _IQmpy(v.FluxDrE,v.Sine);										\
																				\
/* Compute the stator flux based on the rotor flux from current model*/			\
	v.FluxDsS = _IQmpy(v.K3,v.FluxDrS) + _IQmpy(v.K4,v.IDsS);					\
	v.FluxQsS = _IQmpy(v.K3,v.FluxQrS) + _IQmpy(v.K4,v.IQsS);					\
																				\
/* Conventional PI controller section */										\
	v.Error =  v.PsiDsS - v.FluxDsS;											\
	v.UCompDsS = _IQmpy(v.Kp,v.Error) + v.UiDsS;								\
	v.UiDsS = _IQmpy(v.Kp,_IQmpy(v.Ki,v.Error)) + v.UiDsS;						\
																				\
	v.Error =  v.PsiQsS - v.FluxQsS;											\
	v.UCompQsS = _IQmpy(v.Kp,v.Error) + v.UiQsS;								\
	v.UiQsS = _IQmpy(v.Kp,_IQmpy(v.Ki,v.Error)) + v.UiQsS;						\
																				\
/* Compute the estimated stator flux based on the integral of back emf*/		\
	v.OldEmf = v.EmfDsS;														\
	v.EmfDsS = v.UDsS - v.UCompDsS - _IQmpy(v.K5,v.IDsS);						\
	v.PsiDsS = v.PsiDsS + _IQdiv2(_IQmpy(v.K6,(v.EmfDsS + v.OldEmf)));			\
																				\
	v.OldEmf = v.EmfQsS;														\
	v.EmfQsS = v.UQsS - v.UCompQsS - _IQmpy(v.K5,v.IQsS);						\
	v.PsiQsS = v.PsiQsS + _IQdiv2(_IQmpy(v.K6,(v.EmfQsS + v.OldEmf)));			\
																				\
/* Estimate the rotor flux based on stator flux from the integral of back emf*/	\
																				\
	v.PsiDrS = _IQmpy(v.K7,v.PsiDsS) - _IQmpy(v.K8,v.IDsS);						\
	v.PsiQrS = _IQmpy(v.K7,v.PsiQsS) - _IQmpy(v.K8,v.IQsS);						\
																				\
/* Compute the rotor flux angle*/												\
	v.ThetaFlux = _IQatan2PU(v.PsiQrS,v.PsiDrS);

#endif // __ACI_FE_H__








Appendix A/math_blocks/v4.0/aci_fe_const.h

/* =================================================================================
File name:       ACI_FE_CONST.H                     
====================================================================================*/
#ifndef __ACI_FE_CONST_H__
#define __ACI_FE_CONST_H__

typedef struct 	{ float32  Rs; 				// Input: Stator resistance (ohm) 
				  float32  Rr;				// Input: Rotor resistance (ohm) 
			      float32  Ls;				// Input: Stator inductance (H) 	  			      
				  float32  Lr;				// Input: Rotor inductance (H) 			
				  float32  Lm;				// Input: Magnetizing inductance (H)
				  float32  Ib; 				// Input: Base phase current (amp) 
				  float32  Vb;				// Input: Base phase voltage (volt) 
				  float32  Ts;				// Input: Sampling period in sec 
				  float32  Tr;				// Parameter: Rotor time constant 
			      float32  K1;				// Output: constant using in rotor flux calculation  
			      float32  K2;				// Output: constant using in rotor flux calculation  
			      float32  K3;				// Output: constant using in rotor flux calculation 
			      float32  K4;				// Output: constant using in stator current calculation  
			      float32  K5;				// Output: constant using in stator current calculation  
			      float32  K6;				// Output: constant using in stator current calculation  
			      float32  K7;				// Output: constant using in stator current calculation  
			      float32  K8;				// Output: constant using in torque calculation  
				} ACIFE_CONST;

/*-----------------------------------------------------------------------------
	Default initalizer for the ACIFE_CONST object.
-----------------------------------------------------------------------------*/                     
#define ACIFE_CONST_DEFAULTS {0,0,0,0, 		\
                              0,0,0,0,		\
                              0,0,0,0,		\
 		          	          0,0,0,0,	 	\
                             }

/*------------------------------------------------------------------------------
	ACIFE_CONST MACRO Definition
------------------------------------------------------------------------------*/


#define ACIFE_CONST_MACRO(v)					\
												\
/* Rotor time constant (sec)*/					\
   v.Tr = v.Lr/v.Rr;							\
   												\
   v.K1 = v.Tr/(v.Tr+v.Ts);						\
   v.K2 = v.Ts/(v.Tr+v.Ts);						\
   v.K3 = v.Lm/v.Lr;							\
   v.K4 = (v.Ls*v.Lr-v.Lm*v.Lm)/(v.Lr*v.Lm);	\
   v.K5 = v.Ib*v.Rs/v.Vb;						\
   v.K6 = v.Vb*v.Ts/(v.Lm*v.Ib);				\
   v.K7 = v.Lr/v.Lm;							\
   v.K8 = (v.Ls*v.Lr-v.Lm*v.Lm)/(v.Lm*v.Lm);

#endif













Appendix A/math_blocks/v4.0/aci_se.h

/* =================================================================================
File name:       ACI_SE.H           
===================================================================================*/


#ifndef __ACI_SE_H__
#define __ACI_SE_H__

typedef struct {  _iq  	IQsS;  			// Input: Stationary q-axis stator current  
				  _iq  	PsiDrS;  		// Input: Stationary d-axis rotor flux  
				  _iq  	IDsS;			// Input: Stationary d-axis stator current  
				  _iq  	PsiQrS;			// Input: Stationary q-axis rotor flux  		
		 	 	  _iq  	K1;				// Parameter: Constant using in speed computation  
                  _iq  	SquaredPsi; 	// Variable: Squared rotor flux    
    			  _iq  	ThetaFlux;  	// Input: Rotor flux angle      		  
		 	 	  _iq21 K2;				// Parameter: Constant using in differentiator (Q21) - independently with global Q 
    			  _iq  	OldThetaFlux; 	// Variable: Previous rotor flux angle      		  
		 	 	  _iq  	K3;				// Parameter: Constant using in low-pass filter   
		 	 	  _iq21 WPsi;			// Variable: Synchronous rotor flux speed (Q21) - independently with global Q 
		 	 	  _iq  	K4;				// Parameter: Constant using in low-pass filter  
		 	 	  _iq  	WrHat;			// Output: Estimated speed in per unit  
				 Uint32 BaseRpm; 		// Parameter: Base rpm speed (Q0) - independently with global Q  		 	 	  
		 	 	  int32 WrHatRpm;		// Output: Estimated speed in rpm (Q0) - independently with global Q
		 	 	  _iq   WSlip;			// Variable: Slip
		 	 	  _iq	WSyn;			// Variable: Synchronous speed
				 } ACISE;	            
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																			

/*-----------------------------------------------------------------------------
Default initalizer for the ACISE object.
----------------------------------------------------------------------------- */                    
#define ACISE_DEFAULTS {  0, 			\
                          0, 			\
                          0, 			\
                          0, 			\
                          _IQ(0.1), 	\
                          0, 			\
                          0, 			\
                          _IQ21(0.1), 	\
                          0, 			\
                          _IQ(0.1), 	\
                          0, 			\
                          _IQ(0.1), 	\
                          0, 			\
                          3600, 		\
              			  0, 			\
              			  0, 			\
              			  0, 			\
              			}

#define DIFF_MAX_LIMIT  	_IQ(0.80)
#define DIFF_MIN_LIMIT  	_IQ(0.20)

/*------------------------------------------------------------------------------
	ACI Speed Estimator MACRO Definition 
------------------------------------------------------------------------------ */


#define ACISE_MACRO(v)															\
																				\
/*  Slip computation */															\
	v.SquaredPsi = _IQmpy(v.PsiDrS,v.PsiDrS)+_IQmpy(v.PsiQrS,v.PsiQrS);			\
																				\
	v.WSlip= _IQmpy(v.K1,(_IQmpy(v.PsiDrS,v.IQsS) - _IQmpy(v.PsiQrS,v.IDsS)));	\
	v.WSlip= _IQdiv(v.WSlip,v.SquaredPsi);										\
																				\
/*	Synchronous speed computation	*/											\
	if ((v.ThetaFlux < DIFF_MAX_LIMIT)&(v.ThetaFlux > DIFF_MIN_LIMIT))			\
/* 	Q21 = Q21*(GLOBAL_Q-GLOBAL_Q)*/												\
		  v.WSyn = _IQmpy(v.K2,(v.ThetaFlux - v.OldThetaFlux));					\
	else  v.WSyn = v.WPsi;														\
																				\
/* low-pass filter, Q21 = GLOBAL_Q*Q21 + GLOBAL_Q*Q21	*/						\
	v.WPsi = _IQmpy(v.K3,v.WPsi) + _IQmpy(v.K4,v.WSyn);							\
																				\
/* Q21 = Q21 - GLOBAL_Q */														\
	v.OldThetaFlux = v.ThetaFlux;												\
	v.WrHat = v.WPsi - _IQtoIQ21(v.WSlip);										\
																				\
/* Limit the estimated speed between -1 and 1 per-unit */						\
	v.WrHat=_IQsat(v.WrHat,_IQ21(1),_IQ21(-1));									\
	v.WrHat = _IQ21toIQ(v.WrHat);												\
																				\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q */								\
	v.WrHatRpm = _IQmpy(v.BaseRpm,v.WrHat);	

#endif // __ACI_SE_H__







Appendix A/math_blocks/v4.0/aci_se_const.h

/* =================================================================================
File name:       ACI_SE_CONST.H                     
===================================================================================*/
#ifndef __ACI_SE_CONST_H__
#define __ACI_SE_CONST_H__

typedef struct 	{ float32  Rr;				// Input: Rotor resistance (ohm) 
				  float32  Lr;				// Input: Rotor inductance (H) 	
				  float32  Tr;				// Variable: Rotor time constant 			
				  float32  fb;              // Input: Base electrical frequency (Hz)
				  float32  Wb;              // Variable: Base angular speed (rad/s)
                  float32  fc;              // Input: Cut-off frequency of lowpass filter (Hz)
                  float32  Tc;              // Variable: Time constant (sec)
				  float32  Ts;				// Input: Sampling period in sec 
			      float32  K1;				// Output: constant using in rotor flux calculation 
			      float32  K2;				// Output: constant using in rotor flux calculation 
			      float32  K3;				// Output: constant using in rotor flux calculation 
			      float32  K4;				// Output: constant using in stator current calculation 
				} ACISE_CONST;

/*-----------------------------------------------------------------------------
	Default initalizer for the ACISE_CONST object.
-----------------------------------------------------------------------------*/                     
#define ACISE_CONST_DEFAULTS {0,0,0,0,	\
                              0,0,0,0, 	\
 		          	          0,0,0,0, 	\
                             }

/*------------------------------------------------------------------------------
	ACI_SE_CONST macro definition  
------------------------------------------------------------------------------*/


#define PI 3.14159265358979  

#define ACISE_CONST_MACRO(v)				\
											\
/* Rotor time constant (sec) */				\
	v.Tr = v.Lr/v.Rr;						\
											\
/* Lowpass filter time constant (sec) */	\
	v.Tc = 1/(2*PI*v.fc);					\
											\
	v.Wb = 2*PI*v.fb;						\
	v.K1 = 1/(v.Wb*v.Tr);					\
	v.K2 = 1/(v.fb*v.Ts);					\
	v.K3 = v.Tc/(v.Tc+v.Ts);				\
	v.K4 = v.Ts/(v.Tc+v.Ts); 

	
#endif








Appendix A/math_blocks/v4.0/clarke.h

/* =================================================================================
File name:       CLARKE.H  
===================================================================================*/


#ifndef __CLARKE_H__
#define __CLARKE_H__

typedef struct {  _iq  As;  		// Input: phase-a stator variable
				  _iq  Bs;			// Input: phase-b stator variable
				  _iq  Cs;			// Input: phase-c stator variable  
				  _iq  Alpha;		// Output: stationary d-axis stator variable 
				  _iq  Beta;		// Output: stationary q-axis stator variable
		 	 	} CLARKE;	            

/*-----------------------------------------------------------------------------
	Default initalizer for the CLARKE object.
-----------------------------------------------------------------------------*/                     
#define CLARKE_DEFAULTS { 0, \
                          0, \
                          0, \
                          0, \
                          0, \
              			} 

/*------------------------------------------------------------------------------
	CLARKE Transformation Macro Definition
------------------------------------------------------------------------------*/

	
#define CLARKE_MACRO(v)											\
																\
v.Alpha = v.As;													\
v.Beta = _IQmpy((v.As +_IQmpy2(v.Bs)),_IQ(0.57735026918963));	\
																
//  1/sqrt(3) = 0.57735026918963								

#endif // __CLARKE_H__








Appendix A/math_blocks/v4.0/com_trig.h

/* =================================================================================
File name:       COM_TRIG.H  
===================================================================================*/


#include "PeripheralHeaderIncludes.h"

typedef  struct { Uint32 CmtnTrig;       	// Output: Commutation trigger output (0 or 0x00007FFF)       
                  _iq Va;                 	// Input: Motor phase a voltage referenced to GND (pu)  
                  _iq Vb;                 	// Input: Motor phase b voltage referenced to GND (pu)  
                  _iq Vc;                 	// Input: Motor phase c voltage referenced to GND (pu) 
                  _iq Neutral;            	// Variable: 3*Motor netural voltage (pu) 
                  Uint32 RevPeriod;      	// Variable: revolution time counter (Q0)        
                  Uint32 ZcTrig;         	// Variable: Zero-Crossing trig flag (0 or 0x00007FFF)  
                  Uint32 CmtnPointer;     	// Input: Commutation state pointer input (0,1,2,3,4,5)
                  _iq DebugBemf;         	// Variable: 3*Back EMF = 3*(vx=vn), x=a,b,c (pu)
                  Uint32 NoiseWindowCounter;// Variable: Noise windows counter (Q0) 
                  Uint32 Delay30DoneFlag;   // Variable: 30 Deg delay flag (0 or 0x0000000F) 
                  Uint32 NewTimeStamp;  	// Variable: Time stamp (Q0) 
                  Uint32 OldTimeStamp;  	// History: Previous time stamp (Q0) 
	              Uint32 VirtualTimer;    	// Input: Virtual timer (Q0) 
                  Uint32 CmtnDelay;      	// Variable: Time delay in terms of number of sampling time periods (Q0)    
                  Uint32 DelayTaskPointer; 	// Variable: Delay task pointer, see note below (0 or 1)
                  Uint32 NoiseWindowMax;  	// Variable: Maximum noise windows counter (Q0)
                  Uint32 CmtnDelayCounter; 	// Variable: Time delay counter (Q0) 
                  Uint32 NWDelta;      		// Variable: Noise windows delta (Q0)
                  Uint32 NWDelayThres;    	// Variable: Noise windows dynamic threshold (Q0)
                  Uint32 Revolutions;
                  Uint32 Triggers;
		 	 	   int32 GPR1_COM_TRIG;		// Variable: Division reminder
		 	 	   int32 Tmp;				// Variable: Temp. variable
		 	 	   int16 Direction;
                } CMTN;

/*
Note: 
DelayTaskPointer = 0, branch for #COUNT_DWN
DelayTaskPointer = 1, branch for #CHK_TRIGGER
*/

/*-----------------------------------------------------------------------------
Default initalizer for the CMTN object.
-----------------------------------------------------------------------------*/                     
#define CMTN_DEFAULTS { 0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
                        1, \
                        0, \
                        0, \
                        0, \
                        0, \
                        0, \
						0, \
                        0, \
						0, \
						1, \
              		   }

/*----------------------------------------------------------------------------------------------
	 CMTN_TRIG Macro Definition
----------------------------------------------------------------------------------------------*/

#define CMTN_TRIG_MACRO(v)																\
																						\
/* Always clear flags on entry*/														\
    v.CmtnTrig = 0;																		\
    v.ZcTrig = 0;																		\
        																				\
/* Neutral voltage calculation (3*motor Neutral voltage)*/								\
	v.Neutral = v.Va + v.Vb + v.Vc;														\
																						\
/* Commutation State table Tasks*/														\
/* State s1: current flows to motor windings from phase A->B, de-energized phase = C*/	\
   if (v.CmtnPointer == 0)																\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vc) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf > 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s1*/ 														\
																						\
/* State s2: current flows to motor windings from phase A->C, de-energized phase = B*/ 	\
    else if (v.CmtnPointer == 1)  														\
	{																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vb) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf < 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s2*/														\
																						\
/* State s3: current flows to motor windings from phase B->C, de-energized phase = A*/ 	\
    else if (v.CmtnPointer == 2)  														\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Va) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf > 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else  /*  Zero crossing Noise window processing*/									\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s3*/														\
																						\
/* State s4: current flows to motor windings from phase B->A, de-energized phase = C*/	\
    else if (v.CmtnPointer == 3)  														\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vc) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf < 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s4*/														\
																						\
/* State s5: current flows to motor windings from phase C->A, de-energized phase = B*/	\
    else if (v.CmtnPointer == 4)														\
    {																					\
	  v.Delay30DoneFlag = 0;	       /* clear flag for delay calc in State 5*/		\
	  																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Vb) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf > 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing */								\
           NOISE_WINDOW_CNT_MACRO(v);													\
    }   /* else if-end: State s5	 */													\
																						\
/* State s6: current flows to motor windings from phase C->B, de-energized phase = A*/	\
    else if (v.CmtnPointer == 5)  														\
    {																					\
	  v.DebugBemf = _IQmpy(_IQ(3),v.Va) - v.Neutral;									\
	  if (v.Direction == 0)																\
	  	  v.DebugBemf = -v.DebugBemf;													\
	  if (v.DebugBemf < 0)																\
	       v.NoiseWindowCounter = 0;													\
	  else   /*  Zero crossing Noise window processing*/								\
           NOISE_WINDOW_CNT_MACRO(v);													\
      DELAY_30DEG_MACRO(v);																\
    }   /* else if-end: State s6*/														\
																						\
/* Zero crossing to Commutation trigger delay*/											\
   v.CmtnTrig = 0;     /* Always clear flag on entry */									\
																						\
   if (v.DelayTaskPointer > 0)     /* v.DelayTaskPointer = 1 for #CHK_TRIGGER*/			\
   { 																					\
      if (v.ZcTrig != 0)																\
      {																					\
/* Substract NoiseWindowMax to compensate the advanced zero-crossing validation point */\
          v.CmtnDelayCounter = v.CmtnDelay - v.NoiseWindowMax;							\
          v.DelayTaskPointer = 0;     /* v.DelayTaskPointer = 0 for #COUNT_DWN*/		\
      }																					\
   }																					\
   else     /* v.DelayTaskPointer = 0 for #COUNT_DWN */									\
   {  																					\
       v.CmtnDelayCounter -= 1;															\
       if (v.CmtnDelayCounter == 0) 													\
       {																				\
          v.CmtnTrig = 0x00007FFF; /* Yes!- Set trigger. This is used */				\
/* as an input to "MOD6_CNTR" module that changes the commutation sequence.*/			\
				             															\
          v.Triggers++;																	\
          if (v.Triggers > 5)															\
          	{																			\
                v.Revolutions++;														\
                v.Triggers = 0;															\
            }																			\
          v.DelayTaskPointer = 1;       /* v.DelayTaskPointer = 1 for #CHK_TRIGGER*/	\
       }    																			\
   }

/*----------------------------------------------------------------------------------------------
	 NOISE_WINDOW_CNT Macro Definition
----------------------------------------------------------------------------------------------*/

#define NOISE_WINDOW_CNT_MACRO(v)															\
   if (v.CmtnDelay >= v.NWDelayThres)      /* noise window is fixed Value*/					\
      v.NoiseWindowMax = v.NWDelayThres - v.NWDelta;										\
   else                                       /* noise window adjusted dynamically*/		\
      v.NoiseWindowMax = v.CmtnDelay - v.NWDelta;											\
																							\
   v.NoiseWindowCounter += 1;																\
																							\
   if (v.NoiseWindowCounter == v.NoiseWindowMax)  /* zc must occur max_noise_window times*/	\
   {																						\
     v.ZcTrig = 0x00007FFF;       /* Yes! Set trigger */									\
     v.NoiseWindowCounter = 0;																\
   }								

/*----------------------------------------------------------------------------------------------
	DELAY_30DEG Macro Definition
----------------------------------------------------------------------------------------------*/

#define DELAY_30DEG_MACRO(v)																\
/* Delay 30 deg calculator*/																\
   if (v.Delay30DoneFlag == 0)																\
   {  																						\
      v.OldTimeStamp = v.NewTimeStamp;														\
      v.NewTimeStamp = v.VirtualTimer; 														\
      v.Tmp = v.NewTimeStamp - v.OldTimeStamp; 												\
      																						\
      if (v.Tmp > 0) /* Period = NewTimeStamp - OldTimeStamp*/								\
          v.RevPeriod = v.Tmp;																\
      else       /* If Period is negative, allow "wrapping"  */								\
          v.RevPeriod = 0x00007FFF + v.Tmp;													\
																							\
      v.RevPeriod &= 0x0000FFFF;															\
																							\
      v.CmtnDelay = v.RevPeriod/12;                  /* Division quotient*/					\
      v.GPR1_COM_TRIG = v.RevPeriod - v.CmtnDelay*12;  /* Division reminder*/					\
      if (v.GPR1_COM_TRIG >= 6) 																\
           v.CmtnDelay += 1;     /* if Division reminder >= 6, rounding division quotient*/	\
      v.Delay30DoneFlag = 0x0000000F;  /* flag indicates "gone through" once*/				\
   }   /* if-end: v.Delay30DoneFlag == 0*/    







Appendix A/math_blocks/v4.0/cur_const.h

/* =================================================================================
File name:       CUR_CONST.H   
===================================================================================*/
#ifndef __CUR_CONST_H__
#define __CUR_CONST_H__

typedef struct 	{ float32  Rr;			// Input: Rotor resistance (ohm)	      			      
				  float32  Lr;			// Input: Rotor inductance (H)					  
				  float32  fb;          // Input: Base electrical frequency (Hz)
				  float32  Ts;			// Input: Sampling period (sec) 
			      float32  Kr;			// Output: constant using in magnetizing current calculation
			      float32  Kt;			// Output: constant using in slip calculation 
			      float32  K;	    	// Output: constant using in rotor flux angle calculation
			      float32  Tr;			// Variable: Rotor time constant (sec)
				} CURMOD_CONST;
																																																																																																																																																																																																								

/*-----------------------------------------------------------------------------
Default initalizer for the CURMOD_CONST object.
-----------------------------------------------------------------------------*/                     
#define CURMOD_CONST_DEFAULTS { 0,0,0,0, \
                                0,0,0,0  \
                               }

/*------------------------------------------------------------------------------
 CUR_CONST Macro Definition
------------------------------------------------------------------------------*/

#define PI 3.14159265358979


#define CUR_CONST_MACRO(v)		\
	v.Tr = v.Lr/v.Rr;			\
   								\
    v.Kr = v.Ts/v.Tr;			\
	v.Kt = 1/(v.Tr*2*PI*v.fb);	\
	v.K = v.Ts*v.fb;

#endif










Appendix A/math_blocks/v4.0/cur_mod.h

/* =================================================================================
File name:       CUR_MOD.H  
===================================================================================*/
#ifndef __CUR_MOD_H__
#define __CUR_MOD_H__

typedef struct 	{ _iq  IDs; 		// Input: Syn. rotating d-axis current (pu) 
				  _iq  IQs;			// Input: Syn. rotating q-axis current (pu) 
			      _iq  Wr;			// Input: Rotor electrically angular velocity (pu) 	  			      
				  _iq  IMDs;		// Variable: Syn. rotating d-axis magnetizing current (pu) 
				  _iq  Theta;		// Output: Rotor flux angle (pu)
			      _iq  Kr;			// Parameter: constant using in magnetizing current calculation
			      _iq  Kt;			// Parameter: constant using in slip calculation 
			      _iq  K;			// Parameter: constant using in rotor flux angle calculation
				  _iq  Wslip;		// Variable: Slip
				  _iq  We;			// Variable: Angular freq of the stator	
				} CURMOD;
																																																																																																																																																																																																								

/*-----------------------------------------------------------------------------
Default initalizer for the CURMOD object.
-----------------------------------------------------------------------------*/                     
#define CURMOD_DEFAULTS { 0,0,0,0,0, \
                          0,0,0,0,0 \
                       }

/*------------------------------------------------------------------------------
 CUR_MOD Macro Definition
------------------------------------------------------------------------------*/


#define CUR_MOD_MACRO(v)							\
	v.IMDs +=  _IQmpy(v.Kr,(v.IDs - v.IMDs));		\
	v.Wslip = _IQdiv(_IQmpy(v.Kt,v.IQs),v.IMDs);	\
	v.We = v.Wr + v.Wslip;							\
	v.Theta +=  _IQmpy(v.K,v.We);					\
													\
    if (v.Theta > _IQ(1))							\
       v.Theta -=  _IQ(1);							\
    else if (v.Theta < _IQ(0))						\
       v.Theta += _IQ(1);

//v.Theta=(v.Theta+_IQ(1.0))&& 0x00ffffff;

#endif








Appendix A/BLDC_Testing/dlog4ch-HVBLDC_Sensorless.h

/* ============================================================================
File name:  dlog4ch-HVBLDC_Sensorless.h                     
                    
Originator: Advanced Embeeded Control (AEC)
            Texas Instruments Inc.

Description: Header file containing constants, data type definitions, and 
function prototypes for the DATALOG module.
===============================================================================
 History:
-------------------------------------------------------------------------------
 18-5-2001 (DD/MM/YYYY) Release Rev 1.0                                                   
------------------------------------------------------------------------------*/

#ifndef __DLOG4CH_H__
#define __DLOG4CH_H__
 
#define NULL    0
 
typedef struct {    long  task;          // Variable:  Task address pointer   
                    int  *iptr1;         // Input: First input pointer (Q15)      
                    int  *iptr2;         // Input: Second input pointer (Q15)         
                    int  *iptr3;         // Input: Third input pointer (Q15)  
                    int  *iptr4;         // Input: Fourth input pointer (Q15)  
                    int  trig_value;     // Input: Trigger point (Q15)        
                    int  prescalar;      // Parameter: Data log prescale      
                    int  skip_cntr;      // Variable:  Data log skip counter      
                    int  cntr;           // Variable:  Data log counter       
                    long write_ptr;      // Variable:  Graph address pointer               
                    int  size;           // Parameter: Maximum data buffer     
                    int  (*init)();      // Pointer to init function          
                    int  (*update)();    // Pointer to update function         
               } DLOG_4CH;                
                                                         
typedef DLOG_4CH *DLOG_4CH_handle;                            
                                                         
void DLOG_4CH_init(void *);
void DLOG_4CH_update(void *);                                                         
                                                         
/*=============================================================================
Default initalizer for the DLOG_4CH object.
==============================================================================*/
                     
#define DLOG_4CH_DEFAULTS { 0UL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            0, \
                            1, \
                            0, \
                            0, \
                            0UL, \
                            0x0C0, \
                            (int (*)(int))DLOG_4CH_init, \
                            (int (*)(int))DLOG_4CH_update }

#endif







Appendix A/HVPM_Sensored/dlog4ch-HVPM_Sensored.h

/* ============================================================================
File name:  DLOG4CH-HVPM_Sensored.h                     
                    
Originator :Advanced Embeeded Control (AEC)
            Texas Instruments Inc.

Description: Header file containing constants, data type definitions, and 
function prototypes for the DATALOG module.
===============================================================================
 History:
-------------------------------------------------------------------------------
 18-5-2001 (DD/MM/YYYY) Release Rev 1.0                                                   
------------------------------------------------------------------------------*/

#ifndef __DLOG4CH_H__
#define __DLOG4CH_H__
 
#define NULL    0
 
typedef struct {    long  task;          // Variable:  Task address pointer   
                    int  *iptr1;         // Input: First input pointer (Q15)      
                    int  *iptr2;         // Input: Second input pointer (Q15)         
                    int  *iptr3;         // Input: Third input pointer (Q15)  
                    int  *iptr4;         // Input: Fourth input pointer (Q15)  
                    int  trig_value;     // Input: Trigger point (Q15)        
                    int  prescalar;      // Parameter: Data log prescale      
                    int  skip_cntr;      // Variable:  Data log skip counter      
                    int  cntr;           // Variable:  Data log counter       
                    long write_ptr;      // Variable:  Graph address pointer               
                    int  size;           // Parameter: Maximum data buffer     
                    int  (*init)();      // Pointer to init function          
                    int  (*update)();    // Pointer to update function         
               } DLOG_4CH;                
                                                         
typedef DLOG_4CH *DLOG_4CH_handle;                            
                                                         
void DLOG_4CH_init(void *);
void DLOG_4CH_update(void *);                                                         
                                                         
/*=============================================================================
Default initalizer for the DLOG_4CH object.
==============================================================================*/
                     
#define DLOG_4CH_DEFAULTS { 0UL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            NULL, \
                            0, \
                            1, \
                            0, \
                            0, \
                            0UL, \
                            0x0C0, \
                            (int (*)(int))DLOG_4CH_init, \
                            (int (*)(int))DLOG_4CH_update }

#endif







Appendix A/math_blocks/v4.0/dmctype.h

/* =================================================================================
File name:        DMCTYPE.H                    
===================================================================================*/
 
#ifndef DMCTYPE
#define DMCTYPE

//---------------------------------------------------------------------------
// For Portability, User Is Recommended To Use Following Data Type Size
// Definitions For 16-bit and 32-Bit Signed/Unsigned Integers:
//

typedef int             int16;
typedef long            int32;
typedef unsigned int    Uint16;
typedef unsigned long   Uint32;
typedef float           float32;
typedef long double     float64;


#endif  // DMCTYPE








Appendix A/BLDC_Testing/HVBLDC_Sensorless-Settings.h

/* =================================================================================
File name:  HVBLDC_Sensorless-Settings.H                     
                    
Description: Incremental Build Level control file.
=================================================================================  */
#ifndef PROJ_SETTINGS_H

/*------------------------------------------------------------------------------
Following is the list of the Build Level choices.
------------------------------------------------------------------------------*/
#define LEVEL1  1      		// Module check out (do not connect the motors) 
#define LEVEL2  2           // Verify ADC, calibrate the offset, run the motor open loop
#define LEVEL3  3           // Verify CMTN_TRIG module
#define LEVEL4  4           // Verify the closed loop based on the computed BEMF zero crossings
#define LEVEL5  5           // Verify the closed current loop and current PI controller
#define LEVEL6  6           // Verify the closed speed loop and speed PI controller
#define LEVEL7  7           // Test

/*------------------------------------------------------------------------------
This line sets the BUILDLEVEL to one of the available choices.
------------------------------------------------------------------------------*/
#define   BUILDLEVEL LEVEL7


#ifndef BUILDLEVEL    
#error  Critical: BUILDLEVEL must be defined !!
#endif  // BUILDLEVEL
//------------------------------------------------------------------------------


#ifndef TRUE
#define FALSE 0
#define TRUE  1
#endif

#define PI 3.14159265358979

// Define the system frequency (MHz)
#if (DSP2803x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 60
#elif (DSP280x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 100
#endif

// Define the ISR frequency (kHz)
#define ISR_FREQUENCY 40
#define PWM_FREQUENCY 20

// Parameter Initializations 
//#define ALIGN_DUTY   0x500
#define LOOP_CNT_MAX 0

// This machine parameters are based on BLDC motor
// Define the BLDC motor parameters 

#define RS 		2.35    	           	// Stator resistance (ohm)
#define RR   			               	// Rotor resistance (ohm) 
#define LS   	0.007	      			// Stator inductance (H)
#define LR   			  				// Rotor inductance (H) 	
#define LM   			   				// Magnatizing inductance (H)
#define POLES  	4						// Number of poles

// Define the base quantites
#define BASE_VOLTAGE    236	            // 236 Base peak phase voltage (volt) //48
#define BASE_CURRENT    10             // 10 Base peak phase current (amp) // 6.39
#define BASE_TORQUE         		    // Base torque (N.m)
#define BASE_FLUX       	       	    // Base flux linkage (volt.sec/rad)
#define BASE_FREQ      	100             // Base electrical frequency (Hz) RPM = Hz * 120 / poles //333
#define BASE_FREQ_QEP	400

#endif








Appendix A/BLDC_Testing/HVBLDC_Sensorless.h

/* ==============================================================================
System Name:  	HVBLDC_Sensorless

File Name:		HVBLDC_Sensorless

Description:	Primary system header file for the Real Implementation of Sensorless  
          		Trapezoidal Control of Brushless DC Motors (BLDC) 

=================================================================================  */


/*-------------------------------------------------------------------------------
Next, Include project specific include files.
-------------------------------------------------------------------------------*/

#include "com_trig.h"       	// Include header for the CMTN object
#include "pi.h"			       	// Include header for the PIDREG3 object
#include "rmp2cntl.h"       	// Include header for the RMP2 object
#include "rmp3cntl.h"       	// Include header for the RMP3 object
#include "impulse.h"       		// Include header for the IMPULSE object
#include "mod6_cnt.h"       	// Include header for the MOD6CNT object
#include "speed_pr.h"           // Include header for the SPEED_MEAS_REV object
#include "speed_fr.h"			// Include header for the SPEED_MEAS_QEP object
#include "rmp_cntl.h"       	// Include header for the RMPCNTL object  

#if (DSP2803x_DEVICE_H==1)

#include "f2803xileg_vdc.h" 	// Include header for the ILEG2DCBUSMEAS object 
#include "f2803xbldcpwm.h"      // Include header for the PWMGEN object
#include "f2803xqep.h"        	// Include header for the QEP object
#include "f2803xpwmdac.h"       // Include header for the PWMDAC object
#include "DSP2803x_EPwm_defines.h" // Include header for PWM defines
#include "f2803xhall_gpio.h"    // Include header for the HALL object
#endif 

#include "dlog4ch-HVBLDC_Sensorless.h"	// Include header for the DLOG_4CH object

//===========================================================================
// No more.
//===========================================================================







Appendix A/HVPM_Sensored/HVPM_Sensored-Settings.h

/* =================================================================================
File name:  HVPM_Sensored-Settings.H                     
                 
Description: Incremental Build Level control file.
=================================================================================  */
#ifndef PROJ_SETTINGS_H

/*------------------------------------------------------------------------------
Following is the list of the Build Level choices.
------------------------------------------------------------------------------*/
#define LEVEL1  1      		// Module check out (do not connect the motors) 
#define LEVEL0  0           // Verify open speed loop and speed PID

/*------------------------------------------------------------------------------
This line sets the BUILDLEVEL to one of the available choices.
------------------------------------------------------------------------------*/
#define   BUILDLEVEL LEVEL4


#ifndef BUILDLEVEL    
#error  Critical: BUILDLEVEL must be defined !!
#endif  // BUILDLEVEL
//------------------------------------------------------------------------------


#ifndef TRUE
#define FALSE 0
#define TRUE  1
#endif

#define PI 3.14159265358979

// Define the system frequency (MHz)
#if (DSP2803x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 60
#elif (DSP280x_DEVICE_H==1)
#define SYSTEM_FREQUENCY 100
#endif

// Define the ISR frequency (kHz)
#define ISR_FREQUENCY 10

#define RS 		2.35    	           	// Stator resistance (ohm)
#define RR   			               	// Rotor resistance (ohm) 
#define LS   	0.007	      			// Stator inductance (H)
#define LR   			  				// Rotor inductance (H) 	
#define LM   			   				// Magnatizing inductance (H)
#define POLES  	4						// Number of poles

// Define the base quantites
#define BASE_VOLTAGE    236	            // 236 Base peak phase voltage (volt) //48
#define BASE_CURRENT    10             // 10 Base peak phase current (amp) // 6.39
#define BASE_TORQUE         		    // Base torque (N.m)
#define BASE_FLUX       	       	    // Base flux linkage (volt.sec/rad)
#define BASE_FREQ      	100             // Base electrical frequency (Hz) RPM = Hz * 120 / poles //333
#define BASE_FREQ_QEP	400
#endif








Appendix A/HVPM_Sensored/HVPM_Sensored.h

/* ==============================================================================
System Name:  	HVPM_Sensored

File Name:		HVPM_Sensored.h

Description:	Primary system header file for the Real Implementation of Sensored  
          		Field Orientation Control for a Three Phase Permanent-Magnet
          		Synchronous Motor 
===================================================================================*/

/*-------------------------------------------------------------------------------
Next, Include project specific include files.
-------------------------------------------------------------------------------*/


#include "park.h"       		// Include header for the PARK object 
#include "ipark.h"       		// Include header for the IPARK object 
#include "pi.h"       			// Include header for the PIDREG3 object 
#include "clarke.h"         	// Include header for the CLARKE object 
#include "svgen.h"       		// Include header for the SVGENDQ object 
#include "rampgen.h"        	// Include header for the RAMPGEN object 
#include "rmp_cntl.h"       	// Include header for the RMPCNTL object 
#include "speed_fr.h"			// Include header for the SPEED_MEAS_QEP object

#if (DSP2803x_DEVICE_H==1)
#include "f2803xileg_vdc.h" 	// Include header for the ILEG2DCBUSMEAS object 
#include "f2803xpwm.h"        	// Include header for the PWMGEN object
#include "f2803xpwmdac.h"       // Include header for the PWMGEN object
#include "f2803xqep.h"        	// Include header for the QEP object
#include "DSP2803x_EPwm_defines.h" // Include header for PWM defines
#endif

#include "dlog4ch-HVPM_Sensored.h"			// Include header for the DLOG_4CH object

//===========================================================================
// No more.
//===========================================================================







Appendix A/math_blocks/v4.0/impulse.h

/* =================================================================================
File name:        IMPULSE.H 
===================================================================================*/


#ifndef __IMPULSE_H__
#define __IMPULSE_H__

typedef struct { Uint32  Period;		// Input: Period of output impulse in a number of sampling cycles (Q0)			
				 Uint32  Out;      		// Output: Impulse generator output - Q0 (0x00000000 or 0x00007FFF)
		  	  	 Uint32  Counter;   	// Variable: Impulse generator counter (Q0)
			   } IMPULSE;	            

/*-----------------------------------------------------------------------------
Default initalizer for the IMPULSE object.
-----------------------------------------------------------------------------*/                     
#define IMPULSE_DEFAULTS { 1000,0,0 }

/*------------------------------------------------------------------------------
	IMPULSE Macro Definition
------------------------------------------------------------------------------*/

#define IMPULSE_MACRO(v)										\
  																\
  v.Out = 0;      /* Always clear impulse output at entry*/		\
  v.Counter++;    /* Increment the skip counter*/				\
																\
  if (v.Counter >= v.Period)									\
  {																\
     v.Out = 0x00007FFF;										\
     v.Counter = 0;        /* Reset counter*/					\
  } 

#endif // __IMPULSE_H__







Appendix A/math_blocks/v4.0/ipark.h

/* =================================================================================
File name:       IPARK.H   
===================================================================================*/

#ifndef __IPARK_H__
#define __IPARK_H__

typedef struct {  _iq  Alpha;  		// Output: stationary d-axis stator variable
				  _iq  Beta;		// Output: stationary q-axis stator variable
				  _iq  Angle;		// Input: rotating angle (pu)
				  _iq  Ds;			// Input: rotating d-axis stator variable
				  _iq  Qs;			// Input: rotating q-axis stator variable
				  _iq  Sine;		// Input: Sine term
				  _iq  Cosine;		// Input: Cosine term
		 	    } IPARK;	            

/*-----------------------------------------------------------------------------
Default initalizer for the IPARK object.
-----------------------------------------------------------------------------*/                     
#define IPARK_DEFAULTS {  0, \
                          0, \
                          0, \
                          0, \
                          0, \
						  0, \
                          0, \
              		   }

/*------------------------------------------------------------------------------
	Inverse PARK Transformation Macro Definition
------------------------------------------------------------------------------*/


#define IPARK_MACRO(v)										\
															\
v.Alpha = _IQmpy(v.Ds,v.Cosine) - _IQmpy(v.Qs,v.Sine);		\
v.Beta  = _IQmpy(v.Qs,v.Cosine) + _IQmpy(v.Ds,v.Sine);

#endif // __IPARK_H__








Appendix A/math_blocks/v4.0/mod6_cnt.h

/* =================================================================================
File name:        MOD6_CNT.H          
===================================================================================*/

#ifndef __MOD6_CNT_H__
#define __MOD6_CNT_H__

typedef struct { Uint32  TrigInput;   	// Input: Modulo 6 counter trigger input - Q0 (0x00000000 or 0x00007FFF)
				 Uint32  Counter;	    // Output: Modulo 6 counter output - Q0 (0,1,2,3,4,5)
				 int16 Direction;
			   } MOD6CNT;	            

/*-----------------------------------------------------------------------------
Default initalizer for the MOD6CNT object.
-----------------------------------------------------------------------------*/                     
#define MOD6CNT_DEFAULTS { 0,0,1 }

/*------------------------------------------------------------------------------
	MOD6_CNT Macro Definition
------------------------------------------------------------------------------*/


#define MOD6CNT_MACRO(v)												\
																		\
if (v.TrigInput > 0)													\
{																		\
	if(v.Direction == 1)												\
	{																	\
		if (v.Counter == 5)    /* Reset the counter when it is 5 */		\
			v.Counter = 0;												\
		else															\
			v.Counter++;         /* Otherwise, increment by 1 */		\
	}																	\
	else if(v.Direction == 0)											\
    {																	\
    	if (v.Counter == 0)    /* Reset the counter when it is 0 */		\
    		v.Counter = 5;												\
    	else															\
    		v.Counter--;         /* Otherwise, decrement by 1 */		\
     }																	\
}

#endif // __MOD_6CNT_H__ 







Appendix A/math_blocks/v4.0/park.h

/* =================================================================================
File name:       PARK.H 
===================================================================================*/

#ifndef __PARK_H__
#define __PARK_H__

typedef struct {  _iq  Alpha;  		// Input: stationary d-axis stator variable 
				  _iq  Beta;	 	// Input: stationary q-axis stator variable 
				  _iq  Angle;		// Input: rotating angle (pu) 
				  _iq  Ds;			// Output: rotating d-axis stator variable 
				  _iq  Qs;			// Output: rotating q-axis stator variable
				  _iq  Sine;
				  _iq  Cosine; 	 
		 	 	} PARK;	            

/*-----------------------------------------------------------------------------
Default initalizer for the PARK object.
-----------------------------------------------------------------------------*/                     
#define PARK_DEFAULTS {   0, \
                          0, \
                          0, \
                          0, \
                          0, \
						  0, \
                          0, \
              			  }

/*------------------------------------------------------------------------------
	PARK Transformation Macro Definition
------------------------------------------------------------------------------*/


#define PARK_MACRO(v)											\
																\
	v.Ds = _IQmpy(v.Alpha,v.Cosine) + _IQmpy(v.Beta,v.Sine);	\
    v.Qs = _IQmpy(v.Beta,v.Cosine) - _IQmpy(v.Alpha,v.Sine);

#endif // __PARK_H__







Appendix A/math_blocks/v4.0/pi.h

/* =================================================================================
File name:       PI.H 
===================================================================================*/


#ifndef __PI_H__
#define __PI_H__

typedef struct {  _iq  Ref;   			// Input: reference set-point
				  _iq  Fbk;   			// Input: feedback
				  _iq  Out;   			// Output: controller output 
				  _iq  Kp;				// Parameter: proportional loop gain
				  _iq  Ki;			    // Parameter: integral gain
				  _iq  Umax;			// Parameter: upper saturation limit
				  _iq  Umin;			// Parameter: lower saturation limit
				  _iq  up;				// Data: proportional term
				  _iq  ui;				// Data: integral term
				  _iq  v1;				// Data: pre-saturated controller output
				  _iq  i1;				// Data: integrator storage: ui(k-1)
				  _iq  w1;				// Data: saturation record: [u(k-1) - v(k-1)]
				} PI_CONTROLLER;


/*-----------------------------------------------------------------------------
Default initalisation values for the PI_GRANDO objects
-----------------------------------------------------------------------------*/                     

#define PI_CONTROLLER_DEFAULTS {		\
						   0, 			\
                           0, 			\
						   0, 			\
                           _IQ(1.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0),	\
                           _IQ(-1.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0) 	\
              			  }


/*------------------------------------------------------------------------------
 	PI_GRANDO Macro Definition
------------------------------------------------------------------------------*/

#define PI_MACRO(v)												\
																\
	/* proportional term */ 									\
	v.up = v.Ref - v.Fbk;										\
																\
	/* integral term */ 										\
	v.ui = (v.Out == v.v1)?(_IQmpy(v.Ki, v.up)+ v.i1) : v.i1;	\
	v.i1 = v.ui;												\
																\
	/* control output */ 										\
	v.v1 = _IQmpy(v.Kp, (v.up + v.ui));							\
	v.Out= _IQsat(v.v1, v.Umax, v.Umin);						\
	//v.w1 = (v.Out == v.v1) ? _IQ(1.0) : _IQ(0.0);				\
	
#endif // __PI_H__








Appendix A/math_blocks/v4.0/pid_grando.h

/* =================================================================================
File name:       PID_GRANDO.H 
===================================================================================*/


#ifndef __PID_H__
#define __PID_H__

typedef struct {  _iq  Ref;   			// Input: reference set-point
				  _iq  Fbk;   			// Input: feedback
				  _iq  Out;   			// Output: controller output 
				  _iq  c1;   			// Internal: derivative filter coefficient 1
				  _iq  c2;   			// Internal: derivative filter coefficient 2
				} PID_TERMINALS;
				// note: c1 & c2 placed here to keep structure size under 8 words

typedef struct {  _iq  Kr;				// Parameter: reference set-point weighting 
				  _iq  Kp;				// Parameter: proportional loop gain
				  _iq  Ki;			    // Parameter: integral gain
				  _iq  Kd; 		        // Parameter: derivative gain
				  _iq  Km; 		        // Parameter: derivative weighting
				  _iq  Umax;			// Parameter: upper saturation limit
				  _iq  Umin;			// Parameter: lower saturation limit
				} PID_PARAMETERS;

typedef struct {  _iq  up;				// Data: proportional term
				  _iq  ui;				// Data: integral term
				  _iq  ud;				// Data: derivative term
				  _iq  v1;				// Data: pre-saturated controller output
				  _iq  i1;				// Data: integrator storage: ui(k-1)
				  _iq  d1;				// Data: differentiator storage: ud(k-1)
				  _iq  d2;				// Data: differentiator storage: d2(k-1) 
				  _iq  w1;				// Data: saturation record: [u(k-1) - v(k-1)]
				} PID_DATA;


typedef struct {  PID_TERMINALS	term;
				  PID_PARAMETERS param;
				  PID_DATA		data;
				} PID_CONTROLLER;

/*-----------------------------------------------------------------------------
Default initalisation values for the PID objects
-----------------------------------------------------------------------------*/                     

#define PID_TERM_DEFAULTS {				\
						   0, 			\
                           0, 			\
                           0, 			\
                           0, 			\
						   0 			\
              			  }

#define PID_PARAM_DEFAULTS {			\
                           _IQ(1.0),	\
                           _IQ(1.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0),	\
                           _IQ(1.0),	\
                           _IQ(-1.0) 	\
              			  }

#define PID_DATA_DEFAULTS {			    \
                           _IQ(0.0),	\
                           _IQ(0.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(0.0), 	\
                           _IQ(0.0),	\
                           _IQ(0.0),	\
                           _IQ(1.0) 	\
              			  }


/*------------------------------------------------------------------------------
 	PID Macro Definition
------------------------------------------------------------------------------*/

#define PID_MACRO(v)																				\
																									\
	/* proportional term */ 																		\
	v.data.up = _IQmpy(v.param.Kr, v.term.Ref) - v.term.Fbk;										\
																									\
	/* integral term */ 																			\
	v.data.ui = _IQmpy(v.param.Ki, _IQmpy(v.data.w1, (v.term.Ref - v.term.Fbk))) + v.data.i1;		\
	v.data.i1 = v.data.ui;																			\
																									\
	/* derivative term */ 																			\
	v.data.d2 = _IQmpy(v.param.Kd, _IQmpy(v.term.c1, (_IQmpy(v.term.Ref, v.param.Km) - v.term.Fbk))) - v.data.d2;	\
	v.data.ud = v.data.d2 + v.data.d1;																\
	v.data.d1 = _IQmpy(v.data.ud, v.term.c2);														\
																									\
	/* control output */ 																			\
	v.data.v1 = _IQmpy(v.param.Kp, (v.data.up + v.data.ui + v.data.ud));							\
	v.term.Out= _IQsat(v.data.v1, v.param.Umax, v.param.Umin);										\
	v.data.w1 = (v.term.Out == v.data.v1) ? _IQ(1.0) : _IQ(0.0);									\
	
#endif // __PID_H__








Appendix A/math_blocks/v4.0/pid_reg3.h

/* ==================================================================================
File name:       PID_REG3.H  (IQ version)                    
=====================================================================================*/

#ifndef __PIDREG3_H__
#define __PIDREG3_H__

typedef struct {  _iq  Ref;   			// Input: Reference input 
				  _iq  Fdb;   			// Input: Feedback input 
				  _iq  Err;				// Variable: Error
				  _iq  Kp;				// Parameter: Proportional gain
				  _iq  Up;				// Variable: Proportional output 
				  _iq  Ui;				// Variable: Integral output 
				  _iq  Ud;				// Variable: Derivative output 	
				  _iq  OutPreSat; 		// Variable: Pre-saturated output
				  _iq  OutMax;		    // Parameter: Maximum output 
				  _iq  OutMin;	    	// Parameter: Minimum output
				  _iq  Out;   			// Output: PID output 
				  _iq  SatErr;			// Variable: Saturated difference
				  _iq  Ki;			    // Parameter: Integral gain
				  _iq  Kc;		     	// Parameter: Integral correction gain
				  _iq  Kd; 		        // Parameter: Derivative gain
				  _iq  Up1;		   	    // History: Previous proportional output
		 	 	} PIDREG3;	            

typedef PIDREG3 *PIDREG3_handle;
/*-----------------------------------------------------------------------------
Default initalizer for the PIDREG3 object.
-----------------------------------------------------------------------------*/                     
#define PIDREG3_DEFAULTS { 0, 			\
                           0, 			\
                           0, 			\
                           _IQ(1.3), 	\
                           0, 			\
                           0, 			\
                           0, 			\
                           0, 			\
                           _IQ(1), 		\
                           _IQ(-1), 	\
                           0, 			\
                           0, 			\
                           _IQ(0.02), 	\
                           _IQ(0.5), 	\
                           _IQ(1.05), 	\
                           0, 			\
              			  }

/*------------------------------------------------------------------------------
 	PID Macro Definition
------------------------------------------------------------------------------*/


#define PID_MACRO(v)																					\
	v.Err = v.Ref - v.Fdb; 									/* Compute the error */						\
	v.Up= _IQmpy(v.Kp,v.Err);								/* Compute the proportional output */		\
	v.Ui= v.Ui + _IQmpy(v.Ki,v.Up) + _IQmpy(v.Kc,v.SatErr);	/* Compute the integral output */			\
	v.OutPreSat= v.Up + v.Ui;								/* Compute the pre-saturated output */		\
	v.Out = _IQsat(v.OutPreSat, v.OutMax, v.OutMin);		/* Saturate the output */					\
	v.SatErr = v.Out - v.OutPreSat;							/* Compute the saturate difference */		\
	v.Up1 = v.Up;											/* Update the previous proportional output */

#endif // __PIDREG3_H__

// Add the lines below if derivative output is needed following the integral update
// v.Ud = _IQmpy(v.Kd,(v.Up - v.Up1)); 
// v.OutPreSat = v.Up + v.Ui + v.Ud; 







Appendix A/math_blocks/v4.0/rampgen.h

/* =================================================================================
File name:        RAMPGEN.H  
===================================================================================*/

#ifndef __RAMPGEN_H__
#define __RAMPGEN_H__

typedef struct { _iq  Freq; 		// Input: Ramp frequency (pu) 	
		 	     _iq  StepAngleMax;	// Parameter: Maximum step angle (pu)		
	 	 	     _iq  Angle;		// Variable: Step angle (pu)					  
			     _iq  Gain;			// Input: Ramp gain (pu)
			     _iq  Out;  	 	// Output: Ramp signal (pu) 	
			     _iq  Offset;		// Input: Ramp offset (pu) 				 
	  	  	   } RAMPGEN;	            

/*------------------------------------------------------------------------------
      Object Initializers
------------------------------------------------------------------------------*/                       
#define RAMPGEN_DEFAULTS {0,		\
						  0,		\
						  0,		\
						  _IQ(1),	\
						  0,		\
						  _IQ(1), 	\
                         }

/*------------------------------------------------------------------------------
	RAMP(Sawtooh) Generator Macro Definition
------------------------------------------------------------------------------*/                                               

#define RG_MACRO(v)									\
													\
/* Compute the angle rate */						\
	v.Angle += _IQmpy(v.StepAngleMax,v.Freq);		\
													\
/* Saturate the angle rate within (-1,1) */			\
	if (v.Angle>_IQ(1.0))							\
		v.Angle -= _IQ(1.0);						\
	else if (v.Angle<_IQ(-1.0))						\
		v.Angle += _IQ(1.0);						\
		v.Out=v.Angle;

// Use the code snippet below if gain/offset needed.													\
/* Compute the ramp output */						\
	v.Out = _IQmpy(v.Angle,v.Gain) + v.Offset;		\
/* Saturate the ramp output within (-1,1) */		\
	if (v.Out>_IQ(1.0))								\
		v.Out -= _IQ(1.0);							\
	else if (v.Out<_IQ(-1.0))						\
		v.Out += _IQ(1.0);

#endif // __RAMPGEN_H__







Appendix A/math_blocks/v4.0/rmp2cntl.h

/* =================================================================================
File name:        RMP2CNTL.H  
===================================================================================*/


#ifndef __RMP2_CNTL_H__
#define __RMP2_CNTL_H__

typedef struct { int16 DesiredInput; 	// Input: Desired ramp input (Q15) - independently with global Q
                 int16 Ramp2Max; 		// Parameter: Maximum limit (Q15) - independently with global Q
				 int16 Ramp2Min;		// Parameter: Minimum limit (Q15) - independently with global Q			
				 Uint32 Ramp2DelayCount; // Variable: Incremental delay (Q0) - independently with global Q	
				 Uint32 Ramp2Delay;		// Parameter: Ramp2 delay expressed in no of sampling period (Q0) - independently with global Q			
				 int16 Out;				// Output: Ramp2 output (Q15)
				 Uint16 EqualFlag;
		  	  	
				 } RMP2;

/*-----------------------------------------------------------------------------
Default initalizer for the RMP2 object.
-----------------------------------------------------------------------------*/                     
#define RMP2_DEFAULTS { 0, \
                        0x00007FFF, \
                        0x0000000F, \
                        0, \
                        50, \
                       	0, \
						0, \
             		   }

/*------------------------------------------------------------------------------
	 RMP2CNTL Macro Definitions
------------------------------------------------------------------------------*/


#define RC2_MACRO(v)							\
if (v.Out != v.DesiredInput)					\
{												\
	v.Ramp2DelayCount++;						\
	if (v.Ramp2DelayCount >= v.Ramp2Delay)		\
	{											\
		v.Ramp2DelayCount = 0;					\
		if (v.Out < v.DesiredInput)				\
		{  										\
			v.Out++;							\
			if (v.Out > v.Ramp2Max)				\
				v.Out = v.Ramp2Max;				\
		}										\
		else									\
		{ 										\
			v.Out--;							\
			if (v.Out < v.Ramp2Min)				\
				v.Out = v.Ramp2Min;				\
		}										\
	}											\
	v.EqualFlag = 0;							\
}												\
else											\
	v.EqualFlag = 1;


#endif // __RMP2_CNTL_H__







Appendix A/math_blocks/v4.0/rmp3cntl.h

/* =================================================================================
File name:        RMP3CNTL.H 
===================================================================================*/

#ifndef __RMP3_CNTL_H__
#define __RMP3_CNTL_H__

typedef struct { Uint32 DesiredInput; 		// Input: Desired ramp input (Q0) - independently with global Q
				 Uint32 Ramp3Delay;			// Parameter: Ramp3 delay expressed in no of sampling period (Q0) - independently with global Q		
		 	 	 Uint32 Ramp3DelayCount;	// Variable: Counter for rmp3 delay (Q0) - independently with global Q
				 int32 Out;					// Output: Ramp3 output (Q0) - independently with global Q
				 int32 Ramp3Min;	    	// Parameter: Minimum ramp output (Q0) - independently with global Q
				 Uint32 Ramp3DoneFlag;		// Output: Flag output (Q0) - independently with global Q
		  	  	 
				 } RMP3;	            


/*-----------------------------------------------------------------------------
Default initalizer for the RMP3 object.
-----------------------------------------------------------------------------*/                     
#define RMP3_DEFAULTS { 0, \
                        0, \
                        0, \
                        0, \
                        0x00000050, \
                       	0, \
             		  }


/*------------------------------------------------------------------------------
 RMP3CNTL Macro Definition
------------------------------------------------------------------------------*/

#define RC3_MACRO(v)								\
   if (v.Out == v.DesiredInput)						\
      v.Ramp3DoneFlag = 0x7FFFFFFF;					\
   else												\
    {												\
													\
      v.Ramp3DelayCount++;							\
													\
      if (v.Ramp3DelayCount >= v.Ramp3Delay)		\
      {												\
        v.Out--;									\
													\
        if (v.Out < v.Ramp3Min)						\
           v.Out = v.Ramp3Min;						\
													\
        v.Ramp3DelayCount = 0;						\
      }                          					\
 													\
    }

#endif // __RMP3_CNTL_H__








Appendix A/math_blocks/v4.0/rmp_cntl.h

/* =================================================================================
File name:        RMP_CNTL.H  
===================================================================================*/


#ifndef __RMP_CNTL_H__
#define __RMP_CNTL_H__

typedef struct { _iq    TargetValue; 	// Input: Target input (pu)
				 Uint32 RampDelayMax;	// Parameter: Maximum delay rate (Q0) - independently with global Q			
		 	 	 _iq    RampLowLimit;	// Parameter: Minimum limit (pu)				  
				 _iq    RampHighLimit;	// Parameter: Maximum limit (pu)
				 Uint32 RampDelayCount; // Variable: Incremental delay (Q0) - independently with global Q	
				 _iq    SetpointValue;	// Output: Target output (pu)				 
				 Uint32 EqualFlag;		// Output: Flag output (Q0) - independently with global Q
				 _iq	Tmp;			// Variable: Temp variable
		  	   } RMPCNTL;	            


/*-----------------------------------------------------------------------------
Default initalizer for the RMPCNTL object.
-----------------------------------------------------------------------------*/                     
#define RMPCNTL_DEFAULTS {  0, 		 \
                            5,		 \
                           _IQ(-1),  \
                           _IQ(1),   \
                            0,       \
                          	0,       \
                          	0,       \
                          	0,       \
                   		  }

/*------------------------------------------------------------------------------
 	RAMP Controller Macro Definition
------------------------------------------------------------------------------*/

#define RC_MACRO(v)																	\
	v.Tmp = v.TargetValue - v.SetpointValue;										\
/*  0.0000305 is resolution of Q15 */												\
if (_IQabs(v.Tmp) >= _IQ(0.0000305))				    							\
{																					\
	v.RampDelayCount++	;															\
		if (v.RampDelayCount >= v.RampDelayMax)										\
		{																			\
			if (v.TargetValue >= v.SetpointValue)									\
				v.SetpointValue += _IQ(0.0000305);									\
			else																	\
				v.SetpointValue -= _IQ(0.0000305);									\
																					\
			v.SetpointValue=_IQsat(v.SetpointValue,v.RampHighLimit,v.RampLowLimit);	\
			v.RampDelayCount = 0;													\
																					\
		}																			\
}																					\
else v.EqualFlag = 0x7FFFFFFF;

#endif // __RMP_CNTL_H__







Appendix A/math_blocks/v4.0/sin_cos_table.h

/* ==================================================================================
File name:       sin_cos_table.H

Description: This header file contains macro definition for a discrete sin/cos table.
			 sin and cos tables come from IQmathTables section which could be ROM
			 or RAM               
===================================================================================*/

#ifndef SINCOSTBL_H_
#define SINCOSTBL_H_

#include "IQmathLib.h"

/*-----------------------------------------------------------------------------
	Define the structure of the SINTBL Driver Object 
-----------------------------------------------------------------------------*/
typedef struct {
	    Uint16 AngleShift;	// Input: scale angle to modulo 512 (length of table) 
        Uint16 Angle;    	// Input: angle (Q2-Q9)
        _iq SinOut;    		// Output: Sin (GLOBAL_Q) 
        _iq CosOut;    		// Output: Cos (GLOBAL_Q)
        } SINCOSTBL ;    

/*-----------------------------------------------------------------------------
Default initalizer for the SINCOSTBL object.
-----------------------------------------------------------------------------*/                     
#define SINCOSTBL_DEFAULTS {  0, \
                          0, \
                          0, \
                          0	 \
              			  }

/*------------------------------------------------------------------------------
	SINCOSTBL Update Macro Definition
------------------------------------------------------------------------------*/

    /*symbols from IQmathTables section*/
	extern _iq IQsinTable[];
	extern _iq IQcosTable[];

    Uint16 Angle;
    
#define SINCOSTBL_MACRO(st)														\
																				\
	/* scale angle up to modulo 512 */											\
	Angle = (st.Angle << st.AngleShift) & 0x01FF;								\
																				\
	/* grab sin output from table */											\
	st.SinOut = _IQ30toIQ(IQsinTable[Angle]);									\
																				\
	/* grab cos output from table */											\
	st.CosOut = _IQ30toIQ(IQcosTable[Angle]);									\
  

#endif /*SINCOSTBL_H_*/







Appendix A/math_blocks/v4.0/smopos.h

/* =================================================================================
File name:       SMOPOS.H  
==================================================================================*/
#ifndef __SMOPOS_H__
#define __SMOPOS_H__


typedef struct {  _iq  Valpha;   	// Input: Stationary alfa-axis stator voltage 
                  _iq  Ealpha;   	// Variable: Stationary alfa-axis back EMF 
                  _iq  Zalpha;      // Output: Stationary alfa-axis sliding control 
                  _iq  Gsmopos;    	// Parameter: Motor dependent control gain 
                  _iq  EstIalpha;   // Variable: Estimated stationary alfa-axis stator current 
                  _iq  Fsmopos;    	// Parameter: Motor dependent plant matrix 
                  _iq  Vbeta;   	// Input: Stationary beta-axis stator voltage 
                  _iq  Ebeta;  		// Variable: Stationary beta-axis back EMF 
                  _iq  Zbeta;      	// Output: Stationary beta-axis sliding control 
                  _iq  EstIbeta;    // Variable: Estimated stationary beta-axis stator current 
                  _iq  Ialpha;  	// Input: Stationary alfa-axis stator current 
                  _iq  IalphaError; // Variable: Stationary alfa-axis current error                 
                  _iq  Kslide;     	// Parameter: Sliding control gain 
                  _iq  Ibeta;  		// Input: Stationary beta-axis stator current 
                  _iq  IbetaError;  // Variable: Stationary beta-axis current error                 
                  _iq  Kslf;       	// Parameter: Sliding control filter gain 
                  _iq  Theta;     	// Output: Compensated rotor angle
                  _iq  E0;			// Parameter: 0.5 	 
				 } SMOPOS;	            

/*-----------------------------------------------------------------------------
Default initalizer for the SMOPOS object.
-----------------------------------------------------------------------------*/                     
#define SMOPOS_DEFAULTS {  0,0,0,0,0,0,0,0,0,0,0, \
	                       0,0,0,0,0,0,_IQ(0.5)   \
              			}

/*------------------------------------------------------------------------------
Prototypes for the functions in SMOPOS.C
------------------------------------------------------------------------------*/

#define SMO_MACRO(v)																					\
																										\
    /*	Sliding mode current observer	*/																\
    v.EstIalpha = _IQmpy(v.Fsmopos,v.EstIalpha) + _IQmpy(v.Gsmopos,(v.Valpha-v.Ealpha-v.Zalpha));		\
    v.EstIbeta  = _IQmpy(v.Fsmopos,v.EstIbeta)  + _IQmpy(v.Gsmopos,(v.Vbeta -v.Ebeta -v.Zbeta ));		\
																										\
	/*	Current errors	*/																				\
    v.IalphaError = v.EstIalpha - v.Ialpha;																\
    v.IbetaError  = v.EstIbeta  - v.Ibeta;																\
    																									\
	/*  Sliding control calculator	*/																	\
	/* v.Zalpha=v.IalphaError*v.Kslide/v.E0) where E0=0.5 here*/										\
	v.Zalpha = _IQmpy(_IQsat(v.IalphaError,v.E0,-v.E0),_IQmpy2(v.Kslide));								\
	v.Zbeta  = _IQmpy(_IQsat(v.IbetaError ,v.E0,-v.E0),_IQmpy2(v.Kslide));								\
																										\
	/*	Sliding control filter -> back EMF calculator	*/												\
    v.Ealpha = v.Ealpha + _IQmpy(v.Kslf,(v.Zalpha-v.Ealpha));											\
    v.Ebeta  = v.Ebeta  + _IQmpy(v.Kslf,(v.Zbeta -v.Ebeta));											\
																										\
	/*	Rotor angle calculator -> Theta = atan(-Ealpha,Ebeta)	*/										\
	v.Theta = _IQatan2PU(-v.Ealpha,v.Ebeta); 

#endif



	/* Extended version of sliding control calculator 
    if (_IQabs(v.IalphaError) < E0)
       v.Zalpha = _IQmpy(v.Kslide,_IQdiv(v.IalphaError,E0));  
    else if (v.IalphaError >= E0) 
       v.Zalpha = v.Kslide;
    else if (v.IalphaError <= -E0) 
       v.Zalpha = -v.Kslide;

    if (_IQabs(v.IbetaError) < E0)
       v.Zbeta = _IQmpy(v.Kslide,_IQdiv(v.IbetaError,E0));  
    else if (v.IbetaError >= E0) 
       v.Zbeta = v.Kslide;
    else if (v.IbetaError <= -E0) 
       v.Zbeta = -v.Kslide;
*/








Appendix A/math_blocks/v4.0/smopos_const.h

/* =================================================================================
File name:       SMOPOS_CONST.H                     
===================================================================================*/
#ifndef __SMOPOS_CONST_H__
#define __SMOPOS_CONST_H__

typedef struct 	{ float32  Rs; 				// Input: Stator resistance (ohm) 
			      float32  Ls;				// Input: Stator inductance (H) 	  			      
				  float32  Ib; 				// Input: Base phase current (amp) 
				  float32  Vb;				// Input: Base phase voltage (volt) 
				  float32  Ts;				// Input: Sampling period in sec 
			      float32  Fsmopos;			// Output: constant using in observed current calculation 
			      float32  Gsmopos;			// Output: constant using in observed current calculation 
				  
				} SMOPOS_CONST;
																																																																																																																																																																																																								
/*-----------------------------------------------------------------------------
Default initalizer for the SMOPOS_CONST object.
-----------------------------------------------------------------------------*/                     
#define SMOPOS_CONST_DEFAULTS {0,0,0,0,0,0,0, \
                            }

/*------------------------------------------------------------------------------
Prototypes for the functions in SMOPOS_CONST.C
------------------------------------------------------------------------------*/

#define SMO_CONST_MACRO(v)								\
														\
	v.Fsmopos = exp((-v.Rs/v.Ls)*(v.Ts));				\
	v.Gsmopos = (v.Vb/v.Ib)*(1/v.Rs)*(1-v.Fsmopos);

#endif












Appendix A/math_blocks/v4.0/speed_est.h

/* =================================================================================
File name:        SPEED_EST.H  
===================================================================================*/


#ifndef __SPEED_EST_H__
#define __SPEED_EST_H__

typedef struct {
       _iq EstimatedTheta;  	// Input: Electrical angle (pu) 
       _iq OldEstimatedTheta;   // History: Electrical angle at previous step (pu)
       _iq EstimatedSpeed;      // Output: Estimated speed in per-unit  (pu)
       Uint32 BaseRpm;     		// Parameter: Base speed in rpm (Q0) - independently with global Q
       _iq21 K1;       			// Parameter: Constant for differentiator (Q21) - independently with global Q
       _iq K2;     				// Parameter: Constant for low-pass filter (pu)
       _iq K3;     				// Parameter: Constant for low-pass filter (pu)
       int32 EstimatedSpeedRpm; // Output : Estimated speed in rpm  (Q0) - independently with global Q
       _iq Temp;				// Variable : Temp variable
       } SPEED_ESTIMATION;  	// Data type created 


/*-----------------------------------------------------------------------------
Default initalizer for the SPEED_ESTIMATION object.
-----------------------------------------------------------------------------*/                     
#define SPEED_ESTIMATION_DEFAULTS   { 0, \
                                	  0, \
                                	  0, \
                                      0, \
                                      0, \
                                      0, \
                                      0, \
                                      0, \
                                      0, \
                                    }

#define SE_DIFF_MAX_LIMIT  	_IQ(0.85)
#define SE_DIFF_MIN_LIMIT  	_IQ(0.15)
/*------------------------------------------------------------------------------
 SPEED_EST Macro Definition
------------------------------------------------------------------------------*/


#define SE_MACRO(v)																	\
if ((v.EstimatedTheta < SE_DIFF_MAX_LIMIT)&(v.EstimatedTheta > SE_DIFF_MIN_LIMIT))	\
	v.Temp = _IQmpy(v.K1,(v.EstimatedTheta - v.OldEstimatedTheta));					\
/*  Q21 = Q21*(GLOBAL_Q-GLOBAL_Q) */												\
else v.Temp = _IQtoIQ21(v.EstimatedSpeed);											\
																					\
/* Low-pass filter */																\
/* Q21 = GLOBAL_Q*Q21 + GLOBAL_Q*Q21 */												\
	v.Temp = _IQmpy(v.K2,_IQtoIQ21(v.EstimatedSpeed))+_IQmpy(v.K3,v.Temp);			\
																					\
/* Saturate the output */															\
	v.Temp=_IQsat(v.Temp,_IQ21(1),_IQ21(-1));										\
	v.EstimatedSpeed = _IQ21toIQ(v.Temp);											\
																					\
/* Update the electrical angle */													\
	v.OldEstimatedTheta = v.EstimatedTheta;											\
																					\
/* Change motor speed from pu value to rpm value (GLOBAL_Q -> Q0)*/					\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q*/									\
	v.EstimatedSpeedRpm = _IQmpy(v.BaseRpm,v.EstimatedSpeed); 
#endif // __SPEED_EST_H__







Appendix A/math_blocks/v4.0/speed_fr.h

/* =================================================================================
File name:        SPEED_FR.H  
===================================================================================*/


#ifndef __SPEED_FR_H__
#define __SPEED_FR_H__

typedef struct {
       _iq ElecTheta;  		// Input: Electrical angle (pu) 
       Uint32 DirectionQep; // Variable: Direction of rotation (Q0) - independently with global Q
       _iq OldElecTheta;   	// History: Electrical angle at previous step (pu)
       _iq Speed;       	// Output: Speed in per-unit  (pu)
       Uint32 BaseRpm;      // Parameter: Base speed in rpm (Q0) - independently with global Q
       _iq21 K1;         	// Parameter: Constant for differentiator (Q21) - independently with global Q
       _iq K2;         		// Parameter: Constant for low-pass filter (pu)
       _iq K3;         		// Parameter: Constant for low-pass filter (pu)
       int32 SpeedRpm;      // Output : Speed in rpm  (Q0) - independently with global Q
       _iq Tmp;				//Variable: Temp variable
       } SPEED_MEAS_QEP;   	// Data type created

/*-----------------------------------------------------------------------------
Default initalizer for the SPEED_MEAS_QEP object.
-----------------------------------------------------------------------------*/                     
#define SPEED_MEAS_QEP_DEFAULTS   { 0, \
                                    1, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                                    0, \
                               	  }	

/*------------------------------------------------------------------------------
 SPEED_FR Macro Definition
------------------------------------------------------------------------------*/


#define SPEED_FR_MACRO(v)											\
/* Differentiator*/													\
/* Synchronous speed computation   */								\
   if ((v.ElecTheta < _IQ(0.9))&(v.ElecTheta > _IQ(0.1)))			\
/* Q21 = Q21*(GLOBAL_Q-GLOBAL_Q)*/									\
		v.Tmp = _IQmpy(v.K1,(v.ElecTheta - v.OldElecTheta));		\
   else v.Tmp = _IQtoIQ21(v.Speed);									\
/* Low-pass filter*/												\
/* Q21 = GLOBAL_Q*Q21 + GLOBAL_Q*Q21*/								\
   	v.Tmp = _IQmpy(v.K2,_IQtoIQ21(v.Speed))+_IQmpy(v.K3,v.Tmp);		\
/* Saturate the output */											\
	v.Tmp=_IQsat(v.Tmp,_IQ21(1),_IQ21(-1));							\
	v.Speed = _IQ21toIQ(v.Tmp);										\
/* Update the electrical angle */									\
    v.OldElecTheta = v.ElecTheta;									\
/* Change motor speed from pu value to rpm value (GLOBAL_Q -> Q0)*/	\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q*/					\
    v.SpeedRpm = _IQmpy(v.BaseRpm,v.Speed);

#endif // __SPEED_FR_H__







Appendix A/math_blocks/v4.0/speed_pr.h

/* =================================================================================
File name:        SPEED_PR.H  
===================================================================================*/


#ifndef __SPEED_PR_H__
#define __SPEED_PR_H__

typedef struct {
       Uint32 NewTimeStamp;  	// Variable : New 'Timestamp' corresponding to a capture event (Q0) - independently with global Q 
       Uint32 OldTimeStamp;  	// Variable : Old 'Timestamp' corresponding to a capture event (Q0) - independently with global Q 
       Uint32 TimeStamp; 	   	// Input : Current 'Timestamp' corresponding to a capture event (Q0) - independently with global Q 
       Uint32 SpeedScaler;    	// Parameter :  Scaler converting 1/N cycles to a GLOBAL_Q speed (Q0) - independently with global Q
       int32 EventPeriod;    	// Input/Variable :  Event Period (Q0) - independently with global Q
       int16 InputSelect;       // Input : Input selection between TimeStamp (InputSelect=0) and EventPeriod (InputSelect=1)
       _iq Speed;             	// Output :  speed in per-unit
       Uint32 BaseRpm;         	// Parameter : Scaler converting GLOBAL_Q speed to rpm (Q0) speed - independently with global Q
       int32 SpeedRpm;        	// Output : speed in r.p.m. (Q0) - independently with global Q
       _iq Revolutions;
       } SPEED_MEAS_CAP;       	// Data type created


/*-----------------------------------------------------------------------------
Default initalizer for the SPEED_MEAS_CAP object.
-----------------------------------------------------------------------------*/                     

#define SPEED_MEAS_CAP_DEFAULTS   { 0, \
                                    0, \
                                    0, \
                                   260, \
                                    0, \
                                    0, \
                                    0, \
                                   1800, \
                                    0, \
									0, \
                                  }

/*------------------------------------------------------------------------------
	SPEED_PR Macro Definition
------------------------------------------------------------------------------*/

#define SPEED_PR_MACRO(v)										\
   if (v.InputSelect == 0)										\
   {															\
     v.OldTimeStamp = v.NewTimeStamp;							\
     v.NewTimeStamp = v.TimeStamp;								\
     v.EventPeriod = v.NewTimeStamp - v.OldTimeStamp;			\
																\
      	if (v.EventPeriod < 0)									\
  	    	v.EventPeriod += 32767;   /* 0x7FFF = 32767*/		\
    }															\
																\
     v.Speed = _IQdiv(v.SpeedScaler,v.EventPeriod);				\
     if(v.EventPeriod>0)										\
     	 v.Revolutions += _IQmpy(v.Speed,_IQ(60*v.EventPeriod/40000));	\
      															\
/* Q0 = Q0*GLOBAL_Q => _IQXmpy(), X = GLOBAL_Q*/				\
   v.SpeedRpm = _IQmpy(v.BaseRpm,v.Speed);						\

#endif // __SPEED_PR_H__







Appendix A/math_blocks/v4.0/svgen.h

/* =================================================================================
File name:       SVGEN.H  
===================================================================================*/


#ifndef __SVGEN_H__
#define __SVGEN_H__

typedef struct 	{ _iq  Ualpha; 			// Input: reference alpha-axis phase voltage 
				  _iq  Ubeta;			// Input: reference beta-axis phase voltage 
				  _iq  Ta;				// Output: reference phase-a switching function		
				  _iq  Tb;				// Output: reference phase-b switching function 
				  _iq  Tc;				// Output: reference phase-c switching function
				  _iq  tmp1;			// Variable: temp variable
				  _iq  tmp2;			// Variable: temp variable
				  _iq  tmp3;			// Variable: temp variable
				  Uint16 VecSector;		// Space vector sector
				} SVGEN;
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																				

/*-----------------------------------------------------------------------------
Default initalizer for the SVGEN object.
-----------------------------------------------------------------------------*/                     
#define SVGEN_DEFAULTS { 0,0,0,0,0 }                       

/*------------------------------------------------------------------------------
	Space Vector  Generator (SVGEN) Macro Definition
------------------------------------------------------------------------------*/


#define SVGENDQ_MACRO(v)														\
	v.tmp1= v.Ubeta;															\
	v.tmp2= _IQdiv2(v.Ubeta) + (_IQmpy(_IQ(0.866),v.Ualpha));					\
    v.tmp3= v.tmp2 - v.tmp1;													\
																				\
	v.VecSector=3;																\
	v.VecSector=(v.tmp2> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp3> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp1< 0)?(7-v.VecSector) :v.VecSector;						\
																				\
	if     (v.VecSector==1 || v.VecSector==4)                                   \
      {     v.Ta= v.tmp2; 														\
      		v.Tb= v.tmp1-v.tmp3; 												\
      		v.Tc=-v.tmp2;														\
      }								    										\
   																				\
    else if(v.VecSector==2 || v.VecSector==5)                                   \
      {     v.Ta= v.tmp3+v.tmp2; 												\
      		v.Tb= v.tmp1; 														\
      		v.Tc=-v.tmp1;														\
      }																	   		\
   																				\
    else                                                                        \
      {     v.Ta= v.tmp3; 														\
      		v.Tb=-v.tmp3; 														\
      		v.Tc=-(v.tmp1+v.tmp2);												\
      }																	   		\
																				\

#endif // __SVGEN_H__







Appendix A/math_blocks/v4.0/svgen_comm.h

/* =================================================================================
File name:       SVGEN_COMM.H  
===================================================================================*/

#ifndef __SVGEN_COMM_H__
#define __SVGEN_COMM_H__



typedef struct 	{ _iq  Ualpha; 			// Input: reference alpha-axis phase voltage 
				  _iq  Ubeta;			// Input: reference beta-axis phase voltage 
				  _iq  Ta;				// Output: reference phase-a switching function		
				  _iq  Tb;				// Output: reference phase-b switching function 
				  _iq  Tc;				// Output: reference phase-c switching function
				  _iq  Va;				// Variable: reference phase-a voltage 		
				  _iq  Vb;				// Variable: reference phase-b voltage
				  _iq  Vc;				// Variable: reference phase-c voltage
				  _iq  Vmax;			// Variable: max phase
				  _iq  Vmin;			// Variable: min phase
				  _iq  Vcomm;			// Variable: common mode voltage
				  _iq  tmp1;			// Variable: temp variable
				  _iq  tmp2;			// Variable: temp variable
				} SVGENCOMM;
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																				

/*-----------------------------------------------------------------------------
Default initalizer for the SVGENCOMM object.
-----------------------------------------------------------------------------*/                     
#define SVGENCOMM_DEFAULTS { 0,0,0,0,0,0,0,0,0,0,0,0,0 }                       

/*------------------------------------------------------------------------------
	Space Vector Generator (Common Mode) Macro Definition
------------------------------------------------------------------------------*/

#define SVGENCOMM_MACRO(v)														\
																				\
	v.tmp1=_IQdiv2(v.Ualpha); 					/*divide by 2*/					\
	v.tmp2=_IQmpy(_IQ(0.8660254),v.Ubeta);		/* 0.8660254 = sqrt(3)/2*/		\
																				\
	v.Va = v.Ualpha;							/*Inv Clarke*/					\
	v.Vb = -v.tmp1 + v.tmp2;													\
	v.Vc = -v.tmp1 - v.tmp2;													\
																				\
	if (v.Va>v.Vb) {v.Vmax=v.Va; v.Vmin=v.Vb;}	/*Find max and min phase*/		\
	else 	   	   {v.Vmax=v.Vb; v.Vmin=v.Va;}									\
	if (v.Vc>v.Vmax) v.Vmax=v.Vc;												\
	if (v.Vc<v.Vmin) v.Vmin=v.Vc;												\
																				\
	v.Vcomm = _IQdiv2(v.Vmax+v.Vmin);			/*Calculate common mode*/		\
																				\
	v.Ta = v.Va-v.Vcomm;														\
	v.Tb = v.Vb-v.Vcomm;														\
	v.Tc = v.Vc-v.Vcomm;														\
	

#endif // __SVGEN_COMM_H__







Appendix A/math_blocks/v4.0/svgen_dpwm.h

/* =================================================================================
File name:       SVGENDPWM.H  
===================================================================================*/


#ifndef __SVGENDPWM_H__
#define __SVGENDPWM_H__

typedef struct 	{ _iq  Ualpha; 			// Input: reference alpha-axis phase voltage 
				  _iq  Ubeta;			// Input: reference beta-axis phase voltage 
				  _iq  Ta;				// Output: reference phase-a switching function		
				  _iq  Tb;				// Output: reference phase-b switching function 
				  _iq  Tc;				// Output: reference phase-c switching function
				  _iq  tmp1;			// Variable: temp variable
				  _iq  tmp2;			// Variable: temp variable
				  _iq  tmp3;			// Variable: temp variable
				  Uint16 VecSector;		// Space vector sector
				} SVGENDPWM;
																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																				

/*-----------------------------------------------------------------------------
Default initalizer for the SVGENDPWM object.
-----------------------------------------------------------------------------*/                     
#define SVGENDPWM_DEFAULTS { 0,0,0,0,0 }                       

/*------------------------------------------------------------------------------
Space Vector  Generator for Discontinuous PWM (SVGENDPWM) Macro Definition
------------------------------------------------------------------------------*/


#define SVGENDPWM_MACRO(v)														\
																				\
	v.tmp1= v.Ubeta;															\
	v.tmp2= _IQdiv2(v.Ubeta) + (_IQmpy(_IQ(0.866),v.Ualpha));					\
    v.tmp3= v.tmp2 - v.tmp1;													\
																				\
	v.VecSector=3;																\
	v.VecSector=(v.tmp2> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp3> 0)?( v.VecSector-1):v.VecSector;						\
	v.VecSector=(v.tmp1< 0)?(7-v.VecSector) :v.VecSector;						\
																				\
	if     (v.VecSector==1 || v.VecSector==6)									\
		{																			\
			v.Ta= 0; 																\
			v.Tb= v.tmp3; 															\
			v.Tc= v.tmp2 ;															\
		}																			\
	else if(v.VecSector==2 || v.VecSector==3)									\
		{																			\
			v.Ta= -v.tmp3; 															\
			v.Tb= 0; 																\
			v.Tc= v.tmp1;															\
		}																			\
	else 																		\
		{																			\
			v.Ta= -v.tmp2; 															\
			v.Tb= -v.tmp1; 															\
			v.Tc= 0;																\
		}																			\
																				\
	v.Ta= _IQmpy2(v.Ta)-_IQ(1.0);												\
	v.Tb= _IQmpy2(v.Tb)-_IQ(1.0);												\
	v.Tc= _IQmpy2(v.Tc)-_IQ(1.0);												\
	
//  v.Tx is converted from (0,1) range to (-1,1) for PWM macro   
	
#endif // __SVGENDPWM_H__







Appendix A/math_blocks/v4.0/svgen_mf.h

/* =================================================================================
File name:       SVGEN_MF.H  
===================================================================================*/

#ifndef __SVGEN_MF_H__
#define __SVGEN_MF_H__

typedef struct 	{ _iq  Gain; 				// Input: reference gain voltage (pu) 
				  _iq  Offset;				// Input: reference offset voltage (pu)
				  _iq  Freq;				// Input: reference frequency (pu)
                  _iq  FreqMax;  			// Parameter: Maximum step angle = 6*base_freq*T (pu)
                  _iq  Alpha;     			// History: Sector angle (pu)
                  _iq  NewEntry;    		// History: Sine (angular) look-up pointer (pu)
                  Uint32  SectorPointer;   	// History: Sector number (Q0) - independently with global Q
				  _iq  Ta;					// Output: reference phase-a switching function (pu)		
				  _iq  Tb;					// Output: reference phase-b switching function (pu)
				  _iq  Tc;					// Output: reference phase-c switching function (pu)
				  _iq  StepAngle;			// Variable
				  _iq  EntryOld;				// Variable
				  _iq  dx;					// Variable
				  _iq  dy;					// Variable
				  
				} SVGENMF;

/*-----------------------------------------------------------------------------
Default initalizer for the SVGENMF object.
-----------------------------------------------------------------------------*/                     
#define SVGENMF_DEFAULTS { 0,0,0,0,0,0,0,0,0,0,0,0,0,0 }

/*------------------------------------------------------------------------------
	 SVGENMF Macro Definitions
------------------------------------------------------------------------------*/
		
#define	PI_THIRD	_IQ(1.04719755119660)    /* This is 60 degree */

#define SVGENMF_MACRO(v)																			\
	/* Normalise the freq input to appropriate step angle	*/										\
    	/* Here, 1 pu. = 60 degree			*/														\
    	v.StepAngle = _IQmpy(v.Freq,v.FreqMax);														\
	/* Calculate new angle alpha			*/														\
    	v.EntryOld = v.NewEntry;																	\
    	v.Alpha = v.Alpha + v.StepAngle;															\
	if (v.Alpha >= _IQ(1.0))																		\
		v.Alpha = v.Alpha-_IQ(1.0); 																\
	v.NewEntry = v.Alpha;																			\
        v.dy = _IQsin(_IQmpy(v.NewEntry,PI_THIRD));              /* v.dy = sin(NewEntry)	*/		\
    	v.dx = _IQsin(PI_THIRD-_IQmpy(v.NewEntry,PI_THIRD));     /* v.dx = sin(60-NewEntry)	*/		\
  	/* Determine which sector			*/															\
    	if (v.NewEntry-v.EntryOld<0)																\
    	{																							\
      		if (v.SectorPointer==5)																	\
         		v.SectorPointer = 0;																\
      		else																					\
         		v.SectorPointer = v.SectorPointer + 1; 												\
    	}																							\
 	if (v.SectorPointer==0)  /* Sector 1 calculations - a,b,c -. a,b,c*/							\
    	{																							\
		v.Ta = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tb = v.Ta + v.dx;																			\
		v.Tc = _IQ(1.0) - v.Ta; 																	\
    	}																							\
    	else if (v.SectorPointer==1)  /* Sector 2 calculations - a,b,c -. b,a,c  &  v.dx <-. v.dy*/	\
    	{																							\
		v.Tb = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Ta = v.Tb + v.dy;																			\
		v.Tc = _IQ(1.0) - v.Tb; 																	\
    	}																							\
    	else if (v.SectorPointer==2)  /* Sector 3 calculations - a,b,c -. b,c,a		*/				\
    	{																							\
		v.Tb = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tc = v.Tb + v.dx;																			\
	    	v.Ta = _IQ(1.0) - v.Tb; 																\
    	}																							\
    	else if (v.SectorPointer==3)  /* Sector 4 calculations - a,b,c -. c,b,a  &  v.dx <-. v.dy*/	\
    	{																							\
		v.Tc = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tb = v.Tc + v.dy;																			\
		v.Ta = _IQ(1.0) - v.Tc; 																	\
    	}																							\
    	else if (v.SectorPointer==4)  /* Sector 5 calculations - a,b,c -. c,a,b		*/				\
    	{																							\
		v.Tc = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Ta = v.Tc + v.dx;																			\
		v.Tb = _IQ(1.0) - v.Tc; 																	\
    	}																							\
    	else if (v.SectorPointer==5)  /* Sector 6 calculations - a,b,c -. a,c,b  &  v.dx <-. v.dy*/	\
    	{																							\
		v.Ta = (_IQ(1.0)-v.dx-v.dy)>>1;																\
		v.Tc = v.Ta + v.dy;																			\
		v.Tb = _IQ(1.0) - v.Ta; 																	\
    	}																							\
/* Convert the unsigned GLOBAL_Q format (ranged (0,1)) . signed GLOBAL_Q format (ranged (-1,1))	*/	\
/* Then, multiply with a gain and add an offset.						*/							\
    	v.Ta = (v.Ta-_IQ(0.5))<<1;																	\
    	v.Ta = _IQmpy(v.Gain,v.Ta) + v.Offset;														\
																									\
 	v.Tb = (v.Tb-_IQ(0.5))<<1;																		\
    	v.Tb = _IQmpy(v.Gain,v.Tb) + v.Offset;														\
																									\
    	v.Tc = (v.Tc-_IQ(0.5))<<1;																	\
    	v.Tc = _IQmpy(v.Gain,v.Tc) + v.Offset;														\

#endif // __SVGEN_MF_H__







Appendix A/math_blocks/v4.0/vhzprof.h

/* =================================================================================
File name:       VHZ_PROF.H  
===================================================================================*/


#ifndef __VHZ_PROF_H__
#define __VHZ_PROF_H__

typedef struct 	{ _iq  Freq; 		    // Input: Input Frequency (pu)
				_iq  VoltOut;			// Output: Output voltage (pu)
				_iq  LowFreq;			// Parameter: Low Frequency (pu)			
				_iq  HighFreq;			// Parameter: High Frequency at rated voltage (pu)
				_iq  FreqMax; 			// Parameter: Maximum Frequency (pu)
				_iq  VoltMax;			// Parameter: Rated voltage (pu)					  
			    _iq  VoltMin;	 		// Parameter: Voltage at low Frequency range (pu)
			    _iq  VfSlope;			// Variable
			    _iq  AbsFreq;			// Variable
		  	  	  
				} VHZPROF;	                   


/*-----------------------------------------------------------------------------
Default initalizer for the VHZPROF object.
-----------------------------------------------------------------------------*/                     
#define VHZPROF_DEFAULTS { 0,0, 		\
                           0,0,0,0,0, 	\
                  		 }

/*------------------------------------------------------------------------------
	 VHZ_PROF Macro Definitions
------------------------------------------------------------------------------*/


#define VHZ_PROF_MACRO(v)															\
/* Take absolute frequency to allow the operation of both rotational directions	*/	\
    v.AbsFreq = labs(v.Freq);														\
	if (v.AbsFreq <= v.LowFreq)   													\
	        /* Compute output voltage in profile #1	*/								\
        	v.VoltOut = v.VoltMin;													\
	else if ((v.AbsFreq > v.LowFreq)&&(v.AbsFreq <= v.HighFreq))      				\
       {																			\
        	/* Compute slope of V/f profile	*/										\
        	v.VfSlope = _IQdiv((v.VoltMax - v.VoltMin),(v.HighFreq - v.LowFreq));	\
        	/* Compute output voltage in profile #2	*/								\
        	v.VoltOut = v.VoltMin + _IQmpy(v.VfSlope,(v.AbsFreq-v.LowFreq));		\
       }																			\
    else if ((v.AbsFreq > v.HighFreq)&&(v.AbsFreq < v.FreqMax))      				\
        	/* Compute output voltage in profile #3	*/								\
        	v.VoltOut = v.VoltMax;


#endif  // __VHZ_PROF_H__







Appendix A/math_blocks/v4.0/volt_calc.h

/* =================================================================================
File name:        VOLT_CAL.H 
===================================================================================*/


#ifndef __VOLT_CAL_H__
#define __VOLT_CAL_H__

typedef struct 	{ _iq  DcBusVolt;		// Input: DC-bus voltage (pu)
			  	  _iq  MfuncV1;  		// Input: Modulation voltage phase A (pu)
		  	  	  _iq  MfuncV2;			// Input: Modulation voltage phase B (pu)	
		   	  	  _iq  MfuncV3;			// Input: Modulation voltage phase C (pu) 
                  Uint16  OutOfPhase; 	// Parameter: Out of Phase adjustment (0 or 1) (Q0) - independently with global Q
	  	  	  	  _iq  VphaseA;			// Output: Phase voltage phase A (pu)
		   	  	  _iq  VphaseB;			// Output: Phase voltage phase B (pu) 
		  	  	  _iq  VphaseC;			// Output: Phase voltage phase C (pu) 
		  	  	  _iq  Valpha;			// Output: Stationary d-axis phase voltage (pu)
		  	  	  _iq  Vbeta;  			// Output: Stationary q-axis phase voltage (pu)
		  	  	  _iq  temp;				// Variable: temp variable
		  	  	} PHASEVOLTAGE;	                   


/*
OutOfPhase = 1 for the out of phase correction if
* MfuncV1 is out of phase with PWM1,
* MfuncV2 is out of phase with PWM3,
* MfuncV3 is out of phase with PWM5,
otherwise, set 0 if their phases are correct.
*/

/*-----------------------------------------------------------------------------
Default initalizer for the PHASEVOLTAGE object.
-----------------------------------------------------------------------------*/                     
#define PHASEVOLTAGE_DEFAULTS { 0, \
                          		0, \
                          		0, \
                          		0, \
                          		1, \
                          		0, \
                          		0, \
                          		0, \
		         				0, \
 		          				0, \
                  				}

#define ONE_THIRD  _IQ(0.33333333333333)
#define TWO_THIRD  _IQ(0.66666666666667)
#define INV_SQRT3  _IQ(0.57735026918963)
/*------------------------------------------------------------------------------
 	Phase Voltage Calculation Macro Definition
------------------------------------------------------------------------------*/


#define PHASEVOLT_MACRO(v)														\
																				\
																				\
/* Scale the incomming Modulation functions with the DC bus voltage value*/		\
/* and calculate the 3 Phase voltages */										\
  v.temp 	  = _IQmpy(v.DcBusVolt,ONE_THIRD);									\
  v.VphaseA   = _IQmpy(v.temp,(_IQmpy2(v.MfuncV1)-v.MfuncV2-v.MfuncV3));		\
  v.VphaseB   = _IQmpy(v.temp,(_IQmpy2(v.MfuncV2)-v.MfuncV1-v.MfuncV3));		\
																				\
  if (v.OutOfPhase==0)															\
  {	  v.VphaseA=-v.VphaseA;														\
  	  v.VphaseB=-v.VphaseB;														\
  }	   																			\
/* Voltage transformation (a,b,c)  ->  (Alpha,Beta)	*/							\
  v.Valpha = v.VphaseA;															\
  v.Vbeta = _IQmpy((v.VphaseA + _IQmpy2(v.VphaseB)),INV_SQRT3);


#endif // __VOLT_CAL_H__

// Phase C (if needed)
// v.VphaseC   = _IQmpy(v.temp,(_IQmpy2(v.MfuncV3)-v.MfuncV2-v.MfuncV1));	\





























Appendix A/BLDC_Testing/DSP2803x_CpuTimers.c

// TI File $Revision: /main/1 $
// Checkin $Date: December 5, 2008   18:00:45 $
//###########################################################################
//
// FILE:	DSP2803x_CpuTimers.c
//
// TITLE:	CPU 32-bit Timers Initialization & Support Functions.
//
// NOTES:
//
//###########################################################################
// $TI Release: 2803x Header Files V1.01 $
// $Release Date: April 30, 2009 $
//###########################################################################

#include "DSP2803x_Device.h"     // Headerfile Include File
#include "DSP2803x_Examples.h"   // Examples Include File

struct CPUTIMER_VARS CpuTimer0;
struct CPUTIMER_VARS CpuTimer1;
struct CPUTIMER_VARS CpuTimer2;

//---------------------------------------------------------------------------
// InitCpuTimers:
//---------------------------------------------------------------------------
// This function initializes all three CPU timers to a known state.
//
void InitCpuTimers(void)
{
    // CPU Timer 0
	// Initialize address pointers to respective timer registers:
	CpuTimer0.RegsAddr = &CpuTimer0Regs;
	// Initialize timer period to maximum:
	CpuTimer0Regs.PRD.all  = 0xFFFFFFFF;
	// Initialize pre-scale counter to divide by 1 (SYSCLKOUT):
	CpuTimer0Regs.TPR.all  = 0;
	CpuTimer0Regs.TPRH.all = 0;
	// Make sure timer is stopped:
	CpuTimer0Regs.TCR.bit.TSS = 1;
	// Reload all counter register with period value:
	CpuTimer0Regs.TCR.bit.TRB = 1;
	// Reset interrupt counters:
	CpuTimer0.InterruptCount = 0;


// Initialize address pointers to respective timer registers:
	CpuTimer1.RegsAddr = &CpuTimer1Regs;
	CpuTimer2.RegsAddr = &CpuTimer2Regs;
	// Initialize timer period to maximum:
	CpuTimer1Regs.PRD.all  = 0xFFFFFFFF;
	CpuTimer2Regs.PRD.all  = 0xFFFFFFFF;
    // Initialize pre-scale counter to divide by 1 (SYSCLKOUT):
	CpuTimer1Regs.TPR.all  = 0;
	CpuTimer1Regs.TPRH.all = 0;
	CpuTimer2Regs.TPR.all  = 0;
	CpuTimer2Regs.TPRH.all = 0;
    // Make sure timers are stopped:
	CpuTimer1Regs.TCR.bit.TSS = 1;
	CpuTimer2Regs.TCR.bit.TSS = 1;
	// Reload all counter register with period value:
	CpuTimer1Regs.TCR.bit.TRB = 1;
	CpuTimer2Regs.TCR.bit.TRB = 1;
	// Reset interrupt counters:
	CpuTimer1.InterruptCount = 0;
	CpuTimer2.InterruptCount = 0;

}

//---------------------------------------------------------------------------
// ConfigCpuTimer:
//---------------------------------------------------------------------------
// This function initializes the selected timer to the period specified
// by the "Freq" and "Period" parameters. The "Freq" is entered as "MHz"
// and the period in "uSeconds". The timer is held in the stopped state
// after configuration.
//
void ConfigCpuTimer(struct CPUTIMER_VARS *Timer, float Freq, float Period)
{
	Uint32 	temp;

	// Initialize timer period:
	Timer->CPUFreqInMHz = Freq;
	Timer->PeriodInUSec = Period;
	temp = (long) (Freq * Period);
	Timer->RegsAddr->PRD.all = temp;

	// Set pre-scale counter to divide by 1 (SYSCLKOUT):
	Timer->RegsAddr->TPR.all  = 0;
	Timer->RegsAddr->TPRH.all  = 0;

	// Initialize timer control register:
	Timer->RegsAddr->TCR.bit.TSS = 1;      // 1 = Stop timer, 0 = Start/Restart Timer
	Timer->RegsAddr->TCR.bit.TRB = 1;      // 1 = reload timer
	Timer->RegsAddr->TCR.bit.SOFT = 1;
	Timer->RegsAddr->TCR.bit.FREE = 1;     // Timer Free Run Disabled
	Timer->RegsAddr->TCR.bit.TIE = 1;      // 0 = Disable/ 1 = Enable Timer Interrupt

	// Reset interrupt counter:
	Timer->InterruptCount = 0;
}

//===========================================================================
// End of file.
//===========================================================================







Appendix A/HVPM_Sensored/DSP2803x_GlobalVariableDefs.c

// TI File $Revision: /main/1 $
// Checkin $Date: December 5, 2008   18:05:12 $
//###########################################################################
//
// FILE:	DSP2803x_GlobalVariableDefs.c
//
// TITLE:	DSP2803x Global Variables and Data Section Pragmas.
//
//###########################################################################
// $TI Release: 2803x Internal Release 2 $
// $Release Date: November 11, 2008 $
//###########################################################################

#include "PeripheralHeaderIncludes.h"     // DSP2803x Headerfile Include File

//---------------------------------------------------------------------------
// Define Global Peripheral Variables:
//
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcRegsFile")
#else
#pragma DATA_SECTION(AdcRegs,"AdcRegsFile");
#endif
volatile struct ADC_REGS AdcRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcResultFile")
#else
#pragma DATA_SECTION(AdcResult,"AdcResultFile");
#endif
volatile struct ADC_RESULT_REGS AdcResult;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp1RegsFile")
#else
#pragma DATA_SECTION(Comp1Regs,"Comp1RegsFile");
#endif
volatile struct COMP_REGS Comp1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp2RegsFile")
#else
#pragma DATA_SECTION(Comp2Regs,"Comp2RegsFile");
#endif
volatile struct COMP_REGS Comp2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp3RegsFile")
#else
#pragma DATA_SECTION(Comp3Regs,"Comp3RegsFile");
#endif
volatile struct COMP_REGS Comp3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer0RegsFile")
#else
#pragma DATA_SECTION(CpuTimer0Regs,"CpuTimer0RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer0Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer1RegsFile")
#else
#pragma DATA_SECTION(CpuTimer1Regs,"CpuTimer1RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer2RegsFile")
#else
#pragma DATA_SECTION(CpuTimer2Regs,"CpuTimer2RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmPwlFile")
#else
#pragma DATA_SECTION(CsmPwl,"CsmPwlFile");
#endif
volatile struct CSM_PWL CsmPwl;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmRegsFile")
#else
#pragma DATA_SECTION(CsmRegs,"CsmRegsFile");
#endif
volatile struct CSM_REGS CsmRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("DevEmuRegsFile")
#else
#pragma DATA_SECTION(DevEmuRegs,"DevEmuRegsFile");
#endif
volatile struct DEV_EMU_REGS DevEmuRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaRegsFile")
#else
#pragma DATA_SECTION(ECanaRegs,"ECanaRegsFile");
#endif
volatile struct ECAN_REGS ECanaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMboxesFile")
#else
#pragma DATA_SECTION(ECanaMboxes,"ECanaMboxesFile");
#endif
volatile struct ECAN_MBOXES ECanaMboxes;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaLAMRegsFile")
#else
#pragma DATA_SECTION(ECanaLAMRegs,"ECanaLAMRegsFile");
#endif
volatile struct LAM_REGS ECanaLAMRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTSRegsFile")
#else
#pragma DATA_SECTION(ECanaMOTSRegs,"ECanaMOTSRegsFile");
#endif
volatile struct MOTS_REGS ECanaMOTSRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTORegsFile")
#else
#pragma DATA_SECTION(ECanaMOTORegs,"ECanaMOTORegsFile");
#endif
volatile struct MOTO_REGS ECanaMOTORegs;


//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Cla1RegsFile")
#else
#pragma DATA_SECTION(Cla1Regs,"Cla1RegsFile");
#endif
volatile struct CLA_REGS Cla1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm1RegsFile")
#else
#pragma DATA_SECTION(EPwm1Regs,"EPwm1RegsFile");
#endif
volatile struct EPWM_REGS EPwm1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm2RegsFile")
#else
#pragma DATA_SECTION(EPwm2Regs,"EPwm2RegsFile");
#endif
volatile struct EPWM_REGS EPwm2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm3RegsFile")
#else
#pragma DATA_SECTION(EPwm3Regs,"EPwm3RegsFile");
#endif
volatile struct EPWM_REGS EPwm3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm4RegsFile")
#else
#pragma DATA_SECTION(EPwm4Regs,"EPwm4RegsFile");
#endif
volatile struct EPWM_REGS EPwm4Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm5RegsFile")
#else
#pragma DATA_SECTION(EPwm5Regs,"EPwm5RegsFile");
#endif
volatile struct EPWM_REGS EPwm5Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm6RegsFile")
#else
#pragma DATA_SECTION(EPwm6Regs,"EPwm6RegsFile");
#endif
volatile struct EPWM_REGS EPwm6Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm7RegsFile")
#else
#pragma DATA_SECTION(EPwm7Regs,"EPwm7RegsFile");
#endif
volatile struct EPWM_REGS EPwm7Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECap1RegsFile")
#else
#pragma DATA_SECTION(ECap1Regs,"ECap1RegsFile");
#endif
volatile struct ECAP_REGS ECap1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EQep1RegsFile")
#else
#pragma DATA_SECTION(EQep1Regs,"EQep1RegsFile");
#endif
volatile struct EQEP_REGS EQep1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("LinaRegsFile")
#else
#pragma DATA_SECTION(LinaRegs,"LinaRegsFile");
#endif
volatile struct LIN_REGS LinaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioCtrlRegsFile")
#else
#pragma DATA_SECTION(GpioCtrlRegs,"GpioCtrlRegsFile");
#endif
volatile struct GPIO_CTRL_REGS GpioCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioDataRegsFile")
#else
#pragma DATA_SECTION(GpioDataRegs,"GpioDataRegsFile");
#endif
volatile struct GPIO_DATA_REGS GpioDataRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioIntRegsFile")
#else
#pragma DATA_SECTION(GpioIntRegs,"GpioIntRegsFile");
#endif
volatile struct GPIO_INT_REGS GpioIntRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("I2caRegsFile")
#else
#pragma DATA_SECTION(I2caRegs,"I2caRegsFile");
#endif
volatile struct I2C_REGS I2caRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("NmiIntruptRegsFile")
#else
#pragma DATA_SECTION(NmiIntruptRegs,"NmiIntruptRegsFile");
#endif
volatile struct NMIINTRUPT_REGS NmiIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PartIdRegsFile")
#else
#pragma DATA_SECTION(PartIdRegs,"PartIdRegsFile");
#endif
volatile struct PARTID_REGS PartIdRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieCtrlRegsFile")
#else
#pragma DATA_SECTION(PieCtrlRegs,"PieCtrlRegsFile");
#endif
volatile struct PIE_CTRL_REGS PieCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieVectTableFile")
#else
#pragma DATA_SECTION(PieVectTable,"PieVectTableFile");
#endif
struct PIE_VECT_TABLE PieVectTable;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SciaRegsFile")
#else
#pragma DATA_SECTION(SciaRegs,"SciaRegsFile");
#endif
volatile struct SCI_REGS SciaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpiaRegsFile")
#else
#pragma DATA_SECTION(SpiaRegs,"SpiaRegsFile");
#endif
volatile struct SPI_REGS SpiaRegs;
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpibRegsFile")
#else
#pragma DATA_SECTION(SpibRegs,"SpibRegsFile");
#endif
volatile struct SPI_REGS SpibRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SysCtrlRegsFile")
#else
#pragma DATA_SECTION(SysCtrlRegs,"SysCtrlRegsFile");
#endif
volatile struct SYS_CTRL_REGS SysCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashRegsFile")
#else
#pragma DATA_SECTION(FlashRegs,"FlashRegsFile");
#endif
volatile struct FLASH_REGS FlashRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("XIntruptRegsFile")
#else
#pragma DATA_SECTION(XIntruptRegs,"XIntruptRegsFile");
#endif
volatile struct XINTRUPT_REGS XIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuKeyVar");
#else
#pragma DATA_SECTION(EmuKey,"EmuKeyVar");
#endif
Uint16 EmuKey;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuBModeVar");
#else
#pragma DATA_SECTION(EmuBMode,"EmuBModeVar");
#endif
Uint16 EmuBMode;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashScalingVar");
#else
#pragma DATA_SECTION(Flash_CPUScaleFactor, "FlashScalingVar");
#endif
Uint32 Flash_CPUScaleFactor;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashCallbackVar");
#else
#pragma DATA_SECTION(Flash_CallbackPtr, "FlashCallbackVar");
#endif
void (*Flash_CallbackPtr) (void);


//===========================================================================
// End of file.
//===========================================================================








Appendix A/BLDC_Testing/DSP2803x_GlobalVariableDefs.c

// TI File $Revision: /main/1 $
// Checkin $Date: December 5, 2008   18:05:12 $
//###########################################################################
//
// FILE:	DSP2803x_GlobalVariableDefs.c
//
// TITLE:	DSP2803x Global Variables and Data Section Pragmas.
//
//###########################################################################
// $TI Release: 2803x Internal Release 2 $
// $Release Date: November 11, 2008 $
//###########################################################################

#include "PeripheralHeaderIncludes.h"     // DSP2803x Headerfile Include File

//---------------------------------------------------------------------------
// Define Global Peripheral Variables:
//
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcRegsFile")
#else
#pragma DATA_SECTION(AdcRegs,"AdcRegsFile");
#endif
volatile struct ADC_REGS AdcRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("AdcResultFile")
#else
#pragma DATA_SECTION(AdcResult,"AdcResultFile");
#endif
volatile struct ADC_RESULT_REGS AdcResult;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp1RegsFile")
#else
#pragma DATA_SECTION(Comp1Regs,"Comp1RegsFile");
#endif
volatile struct COMP_REGS Comp1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp2RegsFile")
#else
#pragma DATA_SECTION(Comp2Regs,"Comp2RegsFile");
#endif
volatile struct COMP_REGS Comp2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Comp3RegsFile")
#else
#pragma DATA_SECTION(Comp3Regs,"Comp3RegsFile");
#endif
volatile struct COMP_REGS Comp3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer0RegsFile")
#else
#pragma DATA_SECTION(CpuTimer0Regs,"CpuTimer0RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer0Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer1RegsFile")
#else
#pragma DATA_SECTION(CpuTimer1Regs,"CpuTimer1RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CpuTimer2RegsFile")
#else
#pragma DATA_SECTION(CpuTimer2Regs,"CpuTimer2RegsFile");
#endif
volatile struct CPUTIMER_REGS CpuTimer2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmPwlFile")
#else
#pragma DATA_SECTION(CsmPwl,"CsmPwlFile");
#endif
volatile struct CSM_PWL CsmPwl;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("CsmRegsFile")
#else
#pragma DATA_SECTION(CsmRegs,"CsmRegsFile");
#endif
volatile struct CSM_REGS CsmRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("DevEmuRegsFile")
#else
#pragma DATA_SECTION(DevEmuRegs,"DevEmuRegsFile");
#endif
volatile struct DEV_EMU_REGS DevEmuRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaRegsFile")
#else
#pragma DATA_SECTION(ECanaRegs,"ECanaRegsFile");
#endif
volatile struct ECAN_REGS ECanaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMboxesFile")
#else
#pragma DATA_SECTION(ECanaMboxes,"ECanaMboxesFile");
#endif
volatile struct ECAN_MBOXES ECanaMboxes;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaLAMRegsFile")
#else
#pragma DATA_SECTION(ECanaLAMRegs,"ECanaLAMRegsFile");
#endif
volatile struct LAM_REGS ECanaLAMRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTSRegsFile")
#else
#pragma DATA_SECTION(ECanaMOTSRegs,"ECanaMOTSRegsFile");
#endif
volatile struct MOTS_REGS ECanaMOTSRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECanaMOTORegsFile")
#else
#pragma DATA_SECTION(ECanaMOTORegs,"ECanaMOTORegsFile");
#endif
volatile struct MOTO_REGS ECanaMOTORegs;


//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("Cla1RegsFile")
#else
#pragma DATA_SECTION(Cla1Regs,"Cla1RegsFile");
#endif
volatile struct CLA_REGS Cla1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm1RegsFile")
#else
#pragma DATA_SECTION(EPwm1Regs,"EPwm1RegsFile");
#endif
volatile struct EPWM_REGS EPwm1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm2RegsFile")
#else
#pragma DATA_SECTION(EPwm2Regs,"EPwm2RegsFile");
#endif
volatile struct EPWM_REGS EPwm2Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm3RegsFile")
#else
#pragma DATA_SECTION(EPwm3Regs,"EPwm3RegsFile");
#endif
volatile struct EPWM_REGS EPwm3Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm4RegsFile")
#else
#pragma DATA_SECTION(EPwm4Regs,"EPwm4RegsFile");
#endif
volatile struct EPWM_REGS EPwm4Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm5RegsFile")
#else
#pragma DATA_SECTION(EPwm5Regs,"EPwm5RegsFile");
#endif
volatile struct EPWM_REGS EPwm5Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm6RegsFile")
#else
#pragma DATA_SECTION(EPwm6Regs,"EPwm6RegsFile");
#endif
volatile struct EPWM_REGS EPwm6Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EPwm7RegsFile")
#else
#pragma DATA_SECTION(EPwm7Regs,"EPwm7RegsFile");
#endif
volatile struct EPWM_REGS EPwm7Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("ECap1RegsFile")
#else
#pragma DATA_SECTION(ECap1Regs,"ECap1RegsFile");
#endif
volatile struct ECAP_REGS ECap1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EQep1RegsFile")
#else
#pragma DATA_SECTION(EQep1Regs,"EQep1RegsFile");
#endif
volatile struct EQEP_REGS EQep1Regs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("LinaRegsFile")
#else
#pragma DATA_SECTION(LinaRegs,"LinaRegsFile");
#endif
volatile struct LIN_REGS LinaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioCtrlRegsFile")
#else
#pragma DATA_SECTION(GpioCtrlRegs,"GpioCtrlRegsFile");
#endif
volatile struct GPIO_CTRL_REGS GpioCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioDataRegsFile")
#else
#pragma DATA_SECTION(GpioDataRegs,"GpioDataRegsFile");
#endif
volatile struct GPIO_DATA_REGS GpioDataRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("GpioIntRegsFile")
#else
#pragma DATA_SECTION(GpioIntRegs,"GpioIntRegsFile");
#endif
volatile struct GPIO_INT_REGS GpioIntRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("I2caRegsFile")
#else
#pragma DATA_SECTION(I2caRegs,"I2caRegsFile");
#endif
volatile struct I2C_REGS I2caRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("NmiIntruptRegsFile")
#else
#pragma DATA_SECTION(NmiIntruptRegs,"NmiIntruptRegsFile");
#endif
volatile struct NMIINTRUPT_REGS NmiIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PartIdRegsFile")
#else
#pragma DATA_SECTION(PartIdRegs,"PartIdRegsFile");
#endif
volatile struct PARTID_REGS PartIdRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieCtrlRegsFile")
#else
#pragma DATA_SECTION(PieCtrlRegs,"PieCtrlRegsFile");
#endif
volatile struct PIE_CTRL_REGS PieCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("PieVectTableFile")
#else
#pragma DATA_SECTION(PieVectTable,"PieVectTableFile");
#endif
struct PIE_VECT_TABLE PieVectTable;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SciaRegsFile")
#else
#pragma DATA_SECTION(SciaRegs,"SciaRegsFile");
#endif
volatile struct SCI_REGS SciaRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpiaRegsFile")
#else
#pragma DATA_SECTION(SpiaRegs,"SpiaRegsFile");
#endif
volatile struct SPI_REGS SpiaRegs;
//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SpibRegsFile")
#else
#pragma DATA_SECTION(SpibRegs,"SpibRegsFile");
#endif
volatile struct SPI_REGS SpibRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("SysCtrlRegsFile")
#else
#pragma DATA_SECTION(SysCtrlRegs,"SysCtrlRegsFile");
#endif
volatile struct SYS_CTRL_REGS SysCtrlRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashRegsFile")
#else
#pragma DATA_SECTION(FlashRegs,"FlashRegsFile");
#endif
volatile struct FLASH_REGS FlashRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("XIntruptRegsFile")
#else
#pragma DATA_SECTION(XIntruptRegs,"XIntruptRegsFile");
#endif
volatile struct XINTRUPT_REGS XIntruptRegs;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuKeyVar");
#else
#pragma DATA_SECTION(EmuKey,"EmuKeyVar");
#endif
Uint16 EmuKey;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("EmuBModeVar");
#else
#pragma DATA_SECTION(EmuBMode,"EmuBModeVar");
#endif
Uint16 EmuBMode;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashScalingVar");
#else
#pragma DATA_SECTION(Flash_CPUScaleFactor, "FlashScalingVar");
#endif
Uint32 Flash_CPUScaleFactor;

//----------------------------------------
#ifdef __cplusplus
#pragma DATA_SECTION("FlashCallbackVar");
#else
#pragma DATA_SECTION(Flash_CallbackPtr, "FlashCallbackVar");
#endif
void (*Flash_CallbackPtr) (void);


//===========================================================================
// End of file.
//===========================================================================








Appendix A/BLDC_Testing/HVBLDC_Sensorless-DevInit_F2803x.c

//============================================================================
// FILE:	HVBLDC_Sensorless-DevInit_F2803x.c
// TITLE:	Device initialization for F2803x series
//============================================================================


/***************************
Note that the CLA is not used nor initialized in this project. Please download 
the Peripheral Files and Example Projects collection (SPRC832) and look at the 
cla_adc project for information on how to use and configure the CLA.
***************************/

#include "PeripheralHeaderIncludes.h"

// Functions that will be run from RAM need to be assigned to
// a different section.  This section will then be mapped to a load and
// run address using the linker cmd file.
#pragma CODE_SECTION(InitFlash, "ramfuncs");
#define Device_cal (void   (*)(void))0x3D7C80

void DeviceInit(void);
void PieCntlInit(void);
void PieVectTableInit(void);
void WDogDisable(void);
void PLLset(Uint16);
void ISR_ILLEGAL(void);

//--------------------------------------------------------------------
//  Configure Device for target Application Here
//--------------------------------------------------------------------
void DeviceInit(void)
{
	WDogDisable(); 	// Disable the watchdog initially
	DINT;			// Global Disable all Interrupts
	IER = 0x0000;	// Disable CPU interrupts
	IFR = 0x0000;	// Clear all CPU interrupt flags


// Switch to Internal Oscillator 1 and turn off all other clock
// sources to minimize power consumption
	EALLOW;
	SysCtrlRegs.CLKCTL.bit.INTOSC1OFF = 0;
    SysCtrlRegs.CLKCTL.bit.OSCCLKSRCSEL=0;  // Clk Src = INTOSC1
	SysCtrlRegs.CLKCTL.bit.XCLKINOFF=1;     // Turn off XCLKIN
	SysCtrlRegs.CLKCTL.bit.XTALOSCOFF=1;    // Turn off XTALOSC
	SysCtrlRegs.CLKCTL.bit.INTOSC2OFF=1;    // Turn off INTOSC2
    EDIS;


// SYSTEM CLOCK speed based on internal oscillator = 10 MHz
// 0xC =  60	MHz		(12)
// 0xB =  55	MHz		(11)
// 0xA =  50	MHz		(10)
// 0x9 =  45	MHz		(9)
// 0x8 =  40	MHz		(8)
// 0x7 =  35	MHz		(7)
// 0x6 =  30	MHz		(6)
// 0x5 =  25	MHz		(5)
// 0x4 =  20	MHz		(4)
// 0x3 =  15	MHz		(3)
// 0x2 =  10	MHz		(2)

	PLLset(0xC);	// choose from options above

// Initialise interrupt controller and Vector Table
// to defaults for now. Application ISR mapping done later.
	PieCntlInit();		
	PieVectTableInit();

   EALLOW; // below registers are "protected", allow access.

// LOW SPEED CLOCKS prescale register settings
   SysCtrlRegs.LOSPCP.all = 0x0002;		// Sysclk / 4 (15 MHz)
   SysCtrlRegs.XCLK.bit.XCLKOUTDIV=2;
      
      
// ADC CALIBRATION 
//---------------------------------------------------
// The Device_cal function, which copies the ADC & oscillator calibration values
// from TI reserved OTP into the appropriate trim registers, occurs automatically
// in the Boot ROM. If the boot ROM code is bypassed during the debug process, the
// following function MUST be called for the ADC and oscillators to function according
// to specification.

	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1; // Enable ADC peripheral clock
	(*Device_cal)();					  // Auto-calibrate from TI OTP
	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 0; // Return ADC clock to original state     

      	
// PERIPHERAL CLOCK ENABLES 
//---------------------------------------------------
// If you are not using a peripheral you may want to switch
// the clock off to save power, i.e. set to =0 
// 
// Note: not all peripherals are available on all 280x derivates.
// Refer to the datasheet for your particular device. 

   SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1;    // ADC
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.COMP1ENCLK = 1;	// COMP1
   SysCtrlRegs.PCLKCR3.bit.COMP2ENCLK = 1;	// COMP2
   SysCtrlRegs.PCLKCR3.bit.COMP3ENCLK = 1;  // COMP3
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.ECAP1ENCLK = 1;	//eCAP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.ECANAENCLK=0;   // eCAN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EQEP1ENCLK = 1;  // eQEP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EPWM1ENCLK = 1;  // ePWM1
   SysCtrlRegs.PCLKCR1.bit.EPWM2ENCLK = 1;  // ePWM2
   SysCtrlRegs.PCLKCR1.bit.EPWM3ENCLK = 1;  // ePWM3
   SysCtrlRegs.PCLKCR1.bit.EPWM4ENCLK = 1;  // ePWM4
   SysCtrlRegs.PCLKCR1.bit.EPWM5ENCLK = 1;	// ePWM5
   SysCtrlRegs.PCLKCR1.bit.EPWM6ENCLK = 1;	// ePWM6
   SysCtrlRegs.PCLKCR1.bit.EPWM7ENCLK = 1;	// ePWM7
   SysCtrlRegs.PCLKCR0.bit.HRPWMENCLK = 0;    // HRPWM
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.I2CAENCLK = 0;   // I2C
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.LINAENCLK = 0;   // LIN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.CLA1ENCLK = 0;   // CLA1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SCIAENCLK = 1;  	// SCI-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SPIAENCLK = 0;	// SPI-A
   SysCtrlRegs.PCLKCR0.bit.SPIBENCLK = 0;     // SPI-B
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.TBCLKSYNC = 1;   // Enable TBCLK
   //------------------------------------------------           

                               
//--------------------------------------------------------------------------------------
// GPIO (GENERAL PURPOSE I/O) CONFIG
//--------------------------------------------------------------------------------------
//-----------------------
// QUICK NOTES on USAGE:
//-----------------------
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 1, 2 or 3 (i.e. Non GPIO func), then leave
//	rest of lines commented
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 0 (i.e. GPIO func), then:
//	1) uncomment GpioCtrlRegs.GP?DIR.bit.GPIO? = ? and choose pin to be IN or OUT
//	2) If IN, can leave next to lines commented
//	3) If OUT, uncomment line with ..GPACLEAR.. to force pin LOW or
//			   uncomment line with ..GPASET.. to force pin HIGH or
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-00 - PIN FUNCTION = PWM1A
	GpioCtrlRegs.GPAMUX1.bit.GPIO0 = 1;		// 0=GPIO,  1=EPWM1A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO0 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO0 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO0 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-01 - PIN FUNCTION = PWM1B
	GpioCtrlRegs.GPAMUX1.bit.GPIO1 = 1;		// 0=GPIO,  1=EPWM1B,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO1 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO1 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO1 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-02 - PIN FUNCTION = PWM2A
	GpioCtrlRegs.GPAMUX1.bit.GPIO2 = 1;		// 0=GPIO,  1=EPWM2A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO2 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO2 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO2 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-03 - PIN FUNCTION = PWM2B
	GpioCtrlRegs.GPAMUX1.bit.GPIO3 = 1;		// 0=GPIO,  1=EPWM2B,  2=SPISOMI-A,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO3 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO3 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO3 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-04 - PIN FUNCTION = PWM3A
	GpioCtrlRegs.GPAMUX1.bit.GPIO4 = 1;		// 0=GPIO,  1=EPWM3A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO4 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO4 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO4 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-05 - PIN FUNCTION = PWM3B
	GpioCtrlRegs.GPAMUX1.bit.GPIO5 = 1;		// 0=GPIO,  1=EPWM3B,  2=SPISIMO-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO5 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO5 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO5 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-06 - PIN FUNCTION = PWM4A
	GpioCtrlRegs.GPAMUX1.bit.GPIO6 = 1;		// 0=GPIO,  1=EPWM4A,  2=SYNCI,  3=SYNCO
//	GpioCtrlRegs.GPADIR.bit.GPIO6 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO6 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO6 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-07 - PIN FUNCTION = PWM4B
	GpioCtrlRegs.GPAMUX1.bit.GPIO7 = 1;		// 0=GPIO,  1=EPWM4B,  2=SCIRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO7 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO7 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO7 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-08 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO8 = 1;		// 0=GPIO,  1=EPWM5A,  2=Resv,  3=ADCSOC-A
//	GpioCtrlRegs.GPADIR.bit.GPIO8 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO8 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO8 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-09 - PIN FUNCTION = Clear Fault
	GpioCtrlRegs.GPAMUX1.bit.GPIO9 = 0;		// 0=GPIO,  1=EPWM5B,  2=LINTX-A,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO9 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO9 = 1;	// uncomment if --> Set Low initially
	GpioDataRegs.GPASET.bit.GPIO9 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-10 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO10 = 1;	// 0=GPIO,  1=EPWM6A,  2=Resv,  3=ADCSOC-B
//	GpioCtrlRegs.GPADIR.bit.GPIO10 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO10 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO10 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-11 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO11 = 1;	// 0=GPIO,  1=EPWM6B,  2=LINRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO11 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO11 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO11 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-12 - PIN FUNCTION = TZ1
	GpioCtrlRegs.GPAMUX1.bit.GPIO12 = 1;	// 0=GPIO,  1=TZ1,  2=SCITX-A,  3=SPISIMO-B
//	GpioCtrlRegs.GPADIR.bit.GPIO12 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO12 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO12 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-13 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO13 = 0;	// 0=GPIO,  1=TZ2,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO13 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO13 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO13 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-14 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO14 = 0;	// 0=GPIO,  1=TZ3,  2=LINTX-A,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO14 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO14 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO14 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-15 - PIN FUNCTION = OCP
	GpioCtrlRegs.GPAMUX1.bit.GPIO15 = 0;	// 0=GPIO,  1=TZ1,  2=LINRX-A,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO15 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO15 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO15 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-16 - PIN FUNCTION = SPISIMO-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO16 = 1;	// 0=GPIO,  1=SPISIMO-A,  2=Resv,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO16 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO16 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO16 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-17 - PIN FUNCTION = SPISOMI-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO17 = 1;	// 0=GPIO,  1=SPISOMI-A,  2=Resv,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO17 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO17 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO17 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-18 - PIN FUNCTION = SPICLK-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO18 = 1;	// 0=GPIO,  1=SPICLK-A,  2=LINTX-A,  3=XCLKOUT
//	GpioCtrlRegs.GPADIR.bit.GPIO18 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO18 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO18 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-19 - PIN FUNCTION = SPISTE-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO19 = 1;	// 0=GPIO,  1=SPISTE-A,  2=LINRX-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO19 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO19 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO19 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-20 - PIN FUNCTION = EQEPA-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO20 = 1;	// 0=GPIO,  1=EQEPA-1,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO20 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO20 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO20 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-21 - PIN FUNCTION = EQEPB-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO21 = 1;	// 0=GPIO,  1=EQEPB-1,  2=Resv,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO21 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO21 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO21 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-22 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO22 = 0;	// 0=GPIO,  1=EQEPS-1,  2=Resv,  3=LINTX-A
	GpioCtrlRegs.GPADIR.bit.GPIO22 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO22 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO22 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-23 - PIN FUNCTION = EQEPI-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO23 = 1;	// 0=GPIO,  1=EQEPI-1,  2=Resv,  3=LINRX-A
//	GpioCtrlRegs.GPADIR.bit.GPIO23 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO23 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO23 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-24 - PIN FUNCTION = Hall1
	GpioCtrlRegs.GPAMUX2.bit.GPIO24 = 0;	// 0=GPIO,  1=ECAP1,  2=Resv,  3=SPISIMO-B
	GpioCtrlRegs.GPADIR.bit.GPIO24 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO24 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO24 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-25 - PIN FUNCTION = Hall2
	GpioCtrlRegs.GPAMUX2.bit.GPIO25 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO25 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO25 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO25 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-26 - PIN FUNCTION = Hall3
	GpioCtrlRegs.GPAMUX2.bit.GPIO26 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO26 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO26 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO26 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-27 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX2.bit.GPIO27 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO27 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO27 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO27 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-28 - PIN FUNCTION = SCI-RX
	GpioCtrlRegs.GPAMUX2.bit.GPIO28 = 1;	// 0=GPIO,  1=SCIRX-A,  2=I2CSDA-A,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO28 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO28 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO28 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-29 - PIN FUNCTION = SCI-TX
	GpioCtrlRegs.GPAMUX2.bit.GPIO29 = 1;	// 0=GPIO,  1=SCITXD-A,  2=I2CSCL-A,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO29 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO29 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO29 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-30 - PIN FUNCTION = CANRX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO30 = 1;	// 0=GPIO,  1=CANRX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO30 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO30 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO30 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-31 - PIN FUNCTION = CANTX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO31 = 1;	// 0=GPIO,  1=CANTX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO31 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO31 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO31 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-32 - PIN FUNCTION = I2CSDA-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO32 = 1;	// 0=GPIO,  1=I2CSDA-A,  2=SYNCI,  3=ADCSOCA
//	GpioCtrlRegs.GPBDIR.bit.GPIO32 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO32 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO32 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-33 - PIN FUNCTION = I2CSCL-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO33 = 1;	// 0=GPIO,  1=I2CSCL-A,  2=SYNCO,  3=ADCSOCB
//	GpioCtrlRegs.GPBDIR.bit.GPIO33 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO33 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO33 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-34 - PIN FUNCTION = LED3 on controlCARD
	GpioCtrlRegs.GPBMUX1.bit.GPIO34 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO34 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO34 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO34 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
// GPIO 35-38 are defaulted to JTAG usage, and are not shown here to enforce JTAG debug
// usage. 
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-39 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPBMUX1.bit.GPIO39 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO39 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO39 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO39 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-40 - PIN FUNCTION = EPWM7A
	GpioCtrlRegs.GPBMUX1.bit.GPIO40 = 1;	// 0=GPIO,  1=EPWM7A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO40 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO40 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO40 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-41 - PIN FUNCTION = EPWM7B
	GpioCtrlRegs.GPBMUX1.bit.GPIO41 = 1;	// 0=GPIO,  1=EPWM7B,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO41 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO41 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO41 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-42 - PIN FUNCTION = LED2
	GpioCtrlRegs.GPBMUX1.bit.GPIO42 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP1OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO42 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO42 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO42 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-43 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPBMUX1.bit.GPIO43 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP2OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO43 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO43 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO43 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-44 - PIN FUNCTION = LED1
	GpioCtrlRegs.GPBMUX1.bit.GPIO44 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO44 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO44 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO44 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
	EDIS;	// Disable register access
}



//============================================================================
// NOTE:
// IN MOST APPLICATIONS THE FUNCTIONS AFTER THIS POINT CAN BE LEFT UNCHANGED
// THE USER NEED NOT REALLY UNDERSTAND THE BELOW CODE TO SUCCESSFULLY RUN THIS
// APPLICATION.
//============================================================================

void WDogDisable(void)
{
    EALLOW;
    SysCtrlRegs.WDCR= 0x0068;
    EDIS;
}

// This function initializes the PLLCR register.
//void InitPll(Uint16 val, Uint16 clkindiv)
void PLLset(Uint16 val)
{
   volatile Uint16 iVol;

   // Make sure the PLL is not running in limp mode
   if (SysCtrlRegs.PLLSTS.bit.MCLKSTS != 0)
   {
	  EALLOW;
      // OSCCLKSRC1 failure detected. PLL running in limp mode.
      // Re-enable missing clock logic.
      SysCtrlRegs.PLLSTS.bit.MCLKCLR = 1;
      EDIS;
      // Replace this line with a call to an appropriate
      // SystemShutdown(); function.
      asm("        ESTOP0");     // Uncomment for debugging purposes
   }

   // DIVSEL MUST be 0 before PLLCR can be changed from
   // 0x0000. It is set to 0 by an external reset XRSn
   // This puts us in 1/4
   if (SysCtrlRegs.PLLSTS.bit.DIVSEL != 0)
   {
       EALLOW;
       SysCtrlRegs.PLLSTS.bit.DIVSEL = 0;
       EDIS;
   }

   // Change the PLLCR
   if (SysCtrlRegs.PLLCR.bit.DIV != val)
   {

      EALLOW;
      // Before setting PLLCR turn off missing clock detect logic
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 1;
      SysCtrlRegs.PLLCR.bit.DIV = val;
      EDIS;

      // Optional: Wait for PLL to lock.
      // During this time the CPU will switch to OSCCLK/2 until
      // the PLL is stable.  Once the PLL is stable the CPU will
      // switch to the new PLL value.
      //
      // This time-to-lock is monitored by a PLL lock counter.
      //
      // Code is not required to sit and wait for the PLL to lock.
      // However, if the code does anything that is timing critical,
      // and requires the correct clock be locked, then it is best to
      // wait until this switching has completed.

      // Wait for the PLL lock bit to be set.
      // The watchdog should be disabled before this loop, or fed within
      // the loop via ServiceDog().

	  // Uncomment to disable the watchdog
      WDogDisable();

	  while(SysCtrlRegs.PLLSTS.bit.PLLLOCKS != 1) {}

      EALLOW;
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 0;
	  EDIS;
	}

	  //divide down SysClk by 2 to increase stability
	EALLOW;
	SysCtrlRegs.PLLSTS.bit.DIVSEL = 2; 
	EDIS;
}


// This function initializes the PIE control registers to a known state.
//
void PieCntlInit(void)
{
    // Disable Interrupts at the CPU level:
    DINT;

    // Disable the PIE
    PieCtrlRegs.PIECTRL.bit.ENPIE = 0;

	// Clear all PIEIER registers:
	PieCtrlRegs.PIEIER1.all = 0;
	PieCtrlRegs.PIEIER2.all = 0;
	PieCtrlRegs.PIEIER3.all = 0;	
	PieCtrlRegs.PIEIER4.all = 0;
	PieCtrlRegs.PIEIER5.all = 0;
	PieCtrlRegs.PIEIER6.all = 0;
	PieCtrlRegs.PIEIER7.all = 0;
	PieCtrlRegs.PIEIER8.all = 0;
	PieCtrlRegs.PIEIER9.all = 0;
	PieCtrlRegs.PIEIER10.all = 0;
	PieCtrlRegs.PIEIER11.all = 0;
	PieCtrlRegs.PIEIER12.all = 0;

	// Clear all PIEIFR registers:
	PieCtrlRegs.PIEIFR1.all = 0;
	PieCtrlRegs.PIEIFR2.all = 0;
	PieCtrlRegs.PIEIFR3.all = 0;	
	PieCtrlRegs.PIEIFR4.all = 0;
	PieCtrlRegs.PIEIFR5.all = 0;
	PieCtrlRegs.PIEIFR6.all = 0;
	PieCtrlRegs.PIEIFR7.all = 0;
	PieCtrlRegs.PIEIFR8.all = 0;
	PieCtrlRegs.PIEIFR9.all = 0;
	PieCtrlRegs.PIEIFR10.all = 0;
	PieCtrlRegs.PIEIFR11.all = 0;
	PieCtrlRegs.PIEIFR12.all = 0;
}	


void PieVectTableInit(void)
{
	int16 i;
   	PINT *Dest = &PieVectTable.TINT1;

   	EALLOW;
   	for(i=0; i < 115; i++) 
    *Dest++ = &ISR_ILLEGAL;
   	EDIS;
 
   	// Enable the PIE Vector Table
   	PieCtrlRegs.PIECTRL.bit.ENPIE = 1; 	
}

interrupt void ISR_ILLEGAL(void)   // Illegal operation TRAP
{
  // Insert ISR Code here

  // Next two lines for debug only to halt the processor here
  // Remove after inserting ISR Code
  asm("          ESTOP0");
  for(;;);

}

// This function initializes the Flash Control registers

//                   CAUTION
// This function MUST be executed out of RAM. Executing it
// out of OTP/Flash will yield unpredictable results

void InitFlash(void)
{
   EALLOW;
   //Enable Flash Pipeline mode to improve performance
   //of code executed from Flash.
   FlashRegs.FOPT.bit.ENPIPE = 1;

   //                CAUTION
   //Minimum waitstates required for the flash operating
   //at a given CPU rate must be characterized by TI.
   //Refer to the datasheet for the latest information.

   //Set the Paged Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.PAGEWAIT = 3;

   //Set the Random Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.RANDWAIT = 3;

   //Set the Waitstate for the OTP
   FlashRegs.FOTPWAIT.bit.OTPWAIT = 5;

   //                CAUTION
   //ONLY THE DEFAULT VALUE FOR THESE 2 REGISTERS SHOULD BE USED
   FlashRegs.FSTDBYWAIT.bit.STDBYWAIT = 0x01FF;
   FlashRegs.FACTIVEWAIT.bit.ACTIVEWAIT = 0x01FF;
   EDIS;

   //Force a pipeline flush to ensure that the write to
   //the last register configured occurs before returning.

   asm(" RPT #7 || NOP");
}


// This function will copy the specified memory contents from
// one location to another. 
// 
//	Uint16 *SourceAddr        Pointer to the first word to be moved
//                          SourceAddr < SourceEndAddr
//	Uint16* SourceEndAddr     Pointer to the last word to be moved
//	Uint16* DestAddr          Pointer to the first destination word
//
// No checks are made for invalid memory locations or that the
// end address is > then the first start address.

void MemCopy(Uint16 *SourceAddr, Uint16* SourceEndAddr, Uint16* DestAddr)
{
    while(SourceAddr < SourceEndAddr)
    { 
       *DestAddr++ = *SourceAddr++;
    }
    return;
}
	
//===========================================================================
// End of file.
//===========================================================================
















Appendix A/BLDC_Testing/HVBLDC_Sensorless.c

/* ==============================================================================
System Name:  	HVBLDC_Sensorless

File Name:	  	HVBLDC_Sensorless.C

Description:	Primary system file for the Real Implementation of Sensorless  
          		Trapeziodal Control of Brushless DC Motors (BLDC).
          		To use the file, remember to define the parameters used in function
          		Run(DesiredSpeed, DesiredRounds, currentOperation, currentDirection);
          		Choose StartAlign = 1 to start the aligning process.
          		Choose Start = 1 to start the motor

=================================================================================  */

// Include header files used in the main function

#include "PeripheralHeaderIncludes.h"
#include "IQmathLib.h"
#include "HVBLDC_Sensorless.h"
#include "HVBLDC_Sensorless-Settings.h"
#include <math.h>

#ifdef FLASH
#pragma CODE_SECTION(MainISR,"ramfuncs");
void MemCopy();
void InitFlash();
#endif

typedef enum {SENSORLESS, HALL, RESOLVER} operationMode;
typedef enum {LEFT, RIGHT} direction;

operationMode currentOperation = SENSORLESS;
direction currentDirection = LEFT;

// Prototype statements for functions found within this file.
interrupt void MainISR(void);
void DeviceInit();
void HVDMC_Protection(void);


void Run(_iq speed, Uint32 rounds, operationMode mode, direction dir);
void initValues();
void qepMeasure();
void OpenLoop();


// State Machine function prototypes
//------------------------------------
// Alpha states
void A0(void);	//state A0
void B0(void);	//state B0
void C0(void);	//state C0

// A branch states
void A1(void);	//state A1
void A2(void);	//state A2
void A3(void);	//state A3

// B branch states
void B1(void);	//state B1
void B2(void);	//state B2
void B3(void);	//state B3

// C branch states
void C1(void);	//state C1
void C2(void);	//state C2
void C3(void);	//state C3

// Variable declarations
void (*Alpha_State_Ptr)(void);	// Base States pointer
void (*A_Task_Ptr)(void);		// State pointer A branch
void (*B_Task_Ptr)(void);		// State pointer B branch
void (*C_Task_Ptr)(void);		// State pointer C branch

// Used for running BackGround in flash, and ISR in RAM
extern Uint16 *RamfuncsLoadStart, *RamfuncsLoadEnd, *RamfuncsRunStart;


int16	VTimer0[4];			// Virtual Timers slaved off CPU Timer 0 (A events)
int16	VTimer1[4]; 		// Virtual Timers slaved off CPU Timer 1 (B events)
int16	VTimer2[4]; 		// Virtual Timers slaved off CPU Timer 2 (C events)
int16	SerialCommsTimer;

// Global variables used in this system
_iq testVariable = _IQ(0);

float32 T = 0.001/ISR_FREQUENCY;    // Samping period (sec), see parameter.h 
Uint16 Astrom = FALSE;
Uint16 IsSettled = FALSE;
Uint16 AstromSwitch = FALSE;
Uint32 CurrentCounter = 0;
Uint32 RampCounter = 0;
Uint32 SettleCounter = 0;
Uint32 IsrTicker = 0;
Uint16 BackTicker = 0;
Uint16 PreviousState;
Uint32 RevolutionPeriod = 0;
Uint16 RoundsFlag = FALSE;
Uint16 StartAlign = FALSE;
Uint16 Start = FALSE;
Uint32 TotalRounds = 0;
Uint32 DesiredRounds = 0x2800;
_iq DesiredSpeed = _IQ(0.16);
_iq DesiredCurrent = _IQ(0.003);
Uint32 VirtualTimer = 0;
Uint16 ILoopFlag = FALSE;
Uint16 SpeedLoopFlag = FALSE;
Uint16 ClosedLoopFlag = FALSE;
Uint16 CurrentLoopFlag = FALSE;
int16  DFuncDesired =0x1300;      // Desired duty cycle (Q15)
int16  DfuncTesting =0x1300;

Uint32 CurrentPeriod = 0;
Uint32 Counter2 = 0;

Uint16 AlignFlag = 0x000F; 
Uint16 LoopCount = 0;
Uint16 TripFlagDMC=0;				//PWM trip status 

Uint32 RPM = 0;
Uint32 timerFreq = 0;

Uint32 CmtnPeriodTarget = 0x1A3; // These values must be changed depending on the motor
Uint32 CmtnPeriodSetpt = 0x4B0;  // and the motor load. (Used for ramping up the motor)
Uint32 RampDelay = 75;

_iq CurrentOffset = _IQ(0.5019538403);
_iq MeanCurrent = 0;
_iq MeanCurrent2 = 0;
_iq SumCurrent = 0;
_iq SumCurrent2 = 0;
_iq CurrentSet = _IQ(0.01);
_iq DCbus_current=0;
_iq SpeedRef=_IQ(0.20);
_iq tempIdc=0;


_iq AlignDuty = _IQ(0.23);
int16 sprang = _IQ15(0.23);
_iq test = _IQ(0);
_iq peak = _IQ(0);

int16 DlogCh1 = 0;
int16 DlogCh2 = 0;
int16 DlogCh3 = 0;
int16 DlogCh4 = 0;


// Used for ADC Configuration 
int 	ChSel[16]   = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
int		TrigSel[16] = {5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5};
int     ACQPS[16]   = {8,8,8,8,8,8,8,8,8,8,8,8,8,8,8,8};


volatile Uint16 EnableFlag = TRUE;


// Instance PID regulator to regulate the DC-bus current and speed
PI_CONTROLLER pid1_idc = PI_CONTROLLER_DEFAULTS;
PI_CONTROLLER pid1_spd = PI_CONTROLLER_DEFAULTS;

// Instance a QEP interface driver
QEP qep1 = QEP_DEFAULTS;

// Instance a Hall effect driver
HALL3 hall1 = HALL3_DEFAULTS;

// Instance a PWM driver instance
PWMGEN pwm1 = PWMGEN_DEFAULTS;

// Instance a PWM DAC driver instance
PWMDAC pwmdac1 = PWMDAC_DEFAULTS;

// Instance a ramp controller to smoothly ramp the frequency
RMPCNTL rc1 = RMPCNTL_DEFAULTS;

// Instance a RAMP2 Module
RMP2 rmp2 = RMP2_DEFAULTS;

// Instance a RAMP3 Module
RMP3 rmp3 = RMP3_DEFAULTS;

// Instance a MOD6 Module
MOD6CNT mod1 = MOD6CNT_DEFAULTS;

// Instance a IMPULSE Module
IMPULSE impl1 = IMPULSE_DEFAULTS;

// Instance a COMTRIG Module
CMTN cmtn1 = CMTN_DEFAULTS;

// Instance a SPEED_PR Module
SPEED_MEAS_CAP speed1 = SPEED_MEAS_CAP_DEFAULTS;

// Instance a speed calculator based on QEP
SPEED_MEAS_QEP speed2 = SPEED_MEAS_QEP_DEFAULTS;

// Create an instance of DATALOG Module
DLOG_4CH dlog = DLOG_4CH_DEFAULTS; 
    

void main(void)
{
	
	DeviceInit();	// Device Life support & GPIO		

// Only used if running from FLASH
// Note that the variable FLASH is defined by the compiler

#ifdef FLASH
// Copy time critical code and Flash setup code to RAM
// The  RamfuncsLoadStart, RamfuncsLoadEnd, and RamfuncsRunStart
// symbols are created by the linker. Refer to the linker files. 
	MemCopy(&RamfuncsLoadStart, &RamfuncsLoadEnd, &RamfuncsRunStart);

// Call Flash Initialization to setup flash waitstates
// This function must reside in RAM
	InitFlash();	// Call the flash wrapper init function
#endif //(FLASH)



// Tasks State-machine init
	Alpha_State_Ptr = &A0;
	A_Task_Ptr = &A1;
	B_Task_Ptr = &B1;



   // Waiting for enable flag set
   while (EnableFlag==FALSE) 
    { 
      BackTicker++;
    }

// Initialize all the Device Peripherals:
// This function is found in DSP280x_CpuTimers.c
   InitCpuTimers();
   
// Configure CPU-Timer 0 to interrupt every ISR Period:
// 60MHz CPU Freq, ISR Period (in uSeconds)
// This function is found in DSP280x_CpuTimers.c
   ConfigCpuTimer(&CpuTimer0, 60, 1000/ISR_FREQUENCY);
   StartCpuTimer0();

// Configure CPU-Timer 1,2 for background loops 
   ConfigCpuTimer(&CpuTimer1, 60, 1000);
   ConfigCpuTimer(&CpuTimer2, 60, 50000);
   StartCpuTimer1();
   StartCpuTimer2();

// Reassign ISRs. 
        // Reassign the PIE vector for TINT0 to point to a different 
        // ISR then the shell routine found in DSP280x_DefaultIsr.c.
        // This is done if the user does not want to use the shell ISR routine
        // but instead wants to use their own ISR.

	EALLOW;	// This is needed to write to EALLOW protected registers
	PieVectTable.TINT0 = &MainISR;
	EDIS;   // This is needed to disable write to EALLOW protected registers

// Enable PIE group 1 interrupt 7 for TINT0
    PieCtrlRegs.PIEIER1.all = M_INT7;

// Enable CPU INT1 for TINT0:
	IER |= M_INT1;
// Enable Global realtime interrupt DBGM

// Initialize PWM module
    pwm1.PeriodMax = (SYSTEM_FREQUENCY/PWM_FREQUENCY)*1000;  // Asymmetric PWM 
    pwm1.DutyFunc  = AlignDuty;            				 // DutyFunc = Q15
	BLDCPWM_INIT_MACRO(1,2,3,pwm1)

// Initialize PWMDAC module
	pwmdac1.PeriodMax  = 500;		 			// @60Mhz, 1500->20kHz, 1000-> 30kHz, 500->60kHz
	pwmdac1.HalfPerMax = pwmdac1.PeriodMax/2;	// Needed to adjust the duty cycle range in the macro
	PWMDAC_INIT_MACRO(6,pwmdac1) 				// PWM 6A,6B
	PWMDAC_INIT_MACRO(7,pwmdac1) 				// PWM 7A,7B 

// Initialize DATALOG module
    dlog.iptr1 = &DlogCh1;
    dlog.iptr2 = &DlogCh2;
    dlog.iptr3 = &DlogCh3;
    dlog.iptr4 = &DlogCh4;
    dlog.trig_value = 0x1;
    dlog.size = 0x0C8;
    dlog.prescalar = 25;
    dlog.init(&dlog);

    // Initialize Hall module
    hall1.DebounceAmount = 0;
    hall1.Revolutions    = -3;
    HALL3_INIT_MACRO(hall1)

// Initialize ADC module	
		
// For the kits < Rev 1.1 -------------------------------------------------	 
	 ChSel[0]=15;	// Dummy meas. avoid 1st sample issue Rev0 Picollo*/
	 ChSel[1]=15;	// ChSelect: ADC B7-> Phase A Voltage
	 ChSel[2]=14;	// ChSelect: ADC B6-> Phase B Voltage
	 ChSel[3]=12;	// ChSelect: ADC B4-> Phase C Voltage
	 ChSel[4]=2;	// ChSelect: ADC A2-> DC Bus  Current

//-------------------------------------------------------------------------	 
	 
	 ADC_MACRO_INIT(ChSel,TrigSel,ACQPS)

	 // Initialize QEP module
	 	qep1.LineEncoder = 500; // 500 pulses per revolution, found in optical encoders datasheet
	     qep1.MechScaler = _IQ30(0.25/qep1.LineEncoder);
	     qep1.PolePairs = POLES/2;
	     qep1.CalibratedAngle = 1000;
	 	QEP_INIT_MACRO(1,qep1)


 // Initialize the SPEED_PR module 
 	speed1.InputSelect = 1;
 	speed1.BaseRpm = 120*(BASE_FREQ/POLES); // 9990
 	speed1.SpeedScaler = (Uint32)(ISR_FREQUENCY/(1*BASE_FREQ*0.001)); // 120

 	// Initialize the Speed module for QEP based speed calculation
 	    speed2.K1 = _IQ21(1/(BASE_FREQ*T));
 	    speed2.K2 = _IQ(1/(1+T*2*PI*5));  // Low-pass cut-off frequency
 	    speed2.K3 = _IQ(1)-speed2.K2;
 	    speed2.BaseRpm = 120*(BASE_FREQ/POLES);


// Initialize RMPCNTL module
    rc1.RampDelayMax = 5;
    rc1.RampLowLimit = _IQ(0);
    rc1.RampHighLimit = _IQ(1);

// Initialize RMP2 module
	rmp2.Out = 0;//(int32)AlignDuty;
	rmp2.Ramp2Delay = RampDelay;
    rmp2.Ramp2Max = 0x00007FFF;
    rmp2.Ramp2Min = 0x0000000F;

// Initialize RMP3 module
	rmp3.DesiredInput = CmtnPeriodTarget;
	rmp3.Ramp3Delay = RampDelay;
    rmp3.Out = CmtnPeriodSetpt;
    rmp3.Ramp3Min = 0x00000010;

// Initialize CMTN module
	cmtn1.NWDelayThres =20;
	cmtn1.NWDelta = 2;
    cmtn1.NoiseWindowMax = cmtn1.NWDelayThres - cmtn1.NWDelta;

// Initialize the PI module for dc-bus current 	
	pid1_idc.Kp = _IQ(0.20);
	pid1_idc.Ki   = _IQ(0.00005);
	pid1_idc.Umax = _IQ(1);
	pid1_idc.Umin = _IQ(0);

    
//Call HVDMC Protection function
	HVDMC_Protection();

// Enable global Interrupts and higher priority real-time debug events:
	EINT;   // Enable Global interrupt INTM
	ERTM;	// Enable Global realtime interrupt DBGM


// IDLE loop. Just sit and loop forever:	
	for(;;)  //infinite loop
	{
		BackTicker++;

		// State machine entry & exit point
		//===========================================================
		(*Alpha_State_Ptr)();	// jump to an Alpha state (A0,B0,...)
		//===========================================================

	}
} //END MAIN CODE



//=================================================================================
//	STATE-MACHINE SEQUENCING AND SYNCRONIZATION FOR SLOW BACKGROUND TASKS
//=================================================================================

//--------------------------------- FRAMEWORK -------------------------------------
void A0(void)
{
	// loop rate synchronizer for A-tasks
	if(CpuTimer1Regs.TCR.bit.TIF == 1)
	{
		CpuTimer1Regs.TCR.bit.TIF = 1;	// clear flag

		//-----------------------------------------------------------
		(*A_Task_Ptr)();		// jump to an A Task (A1,A2,A3,...)
		//-----------------------------------------------------------

		VTimer0[0]++;			// virtual timer 0, instance 0 (spare)
		SerialCommsTimer++;
	}

	Alpha_State_Ptr = &B0;		// Comment out to allow only A tasks
}

void B0(void)
{
	// loop rate synchronizer for B-tasks
	if(CpuTimer2Regs.TCR.bit.TIF == 1)
	{
		CpuTimer2Regs.TCR.bit.TIF = 1;				// clear flag

		//-----------------------------------------------------------
		(*B_Task_Ptr)();		// jump to a B Task (B1,B2,B3,...)
		//-----------------------------------------------------------
		VTimer1[0]++;			// virtual timer 1, instance 0 (spare)
	}

	Alpha_State_Ptr = &A0;		// Allow C state tasks
}

//=================================================================================
//	A - TASKS (executed in every 1 msec)
//=================================================================================
//--------------------------------------------------------
void A1(void) // SPARE (not used)
//--------------------------------------------------------
{

	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A2
	A_Task_Ptr = &A2;
	//-------------------
}

//-----------------------------------------------------------------
void A2(void) // SPARE (not used)
//-----------------------------------------------------------------
{	

	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A3
	A_Task_Ptr = &A3;
	//-------------------
}

//-----------------------------------------
void A3(void) // SPARE (not used)
//-----------------------------------------
{

	//-----------------
	//the next time CpuTimer0 'counter' reaches Period value go to A1
	A_Task_Ptr = &A1;
	//-----------------
}



//=================================================================================
//	B - TASKS (executed in every 5 msec)
//=================================================================================

//----------------------------------- USER ----------------------------------------

//----------------------------------------
void B1(void) // Toggle GPIO-00
//----------------------------------------
{
	if(EPwm1Regs.TZFLG.bit.OST==0x1)			// TripZ for PWMs is low (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO42 = 1;
	  }	
	 
	if(GpioDataRegs.GPADAT.bit.GPIO15 == 1)		// Over Current Prot. for Integrated Power Module is high (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO44 = 1;
	  }		
	 	  
	GpioDataRegs.GPBTOGGLE.bit.GPIO34 = 1;	   // Turn on/off LD3 on the controlCARD
	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B2
	B_Task_Ptr = &B2;	
	//-----------------
}

//----------------------------------------
void B2(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B3
	B_Task_Ptr = &B3;
	//-----------------
}

//----------------------------------------
void B3(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B1
	B_Task_Ptr = &B1;	
	//-----------------
}



// ==========================================================================
// =============================  MainISR ===================================
// ==========================================================================

interrupt void MainISR(void) // Every 25 us
{

// Verifying the ISR
    IsrTicker++;




#if (BUILDLEVEL==LEVEL7)

      DCbus_current = _IQ12toIQ(AdcResult.ADCRESULT4) - CurrentOffset;

      if(StartAlign == TRUE)
      {
    	  if (RoundsFlag == FALSE)
    	  {
    		  Run(DesiredSpeed, DesiredRounds, currentOperation, currentDirection);
    	  }
    	  else
    	  {
    		  RoundsFlag = FALSE;
    		  StartAlign = FALSE;
    	  }
    	  CurrentCounter++;
      }
      else
      {
    	  rc1.Tmp = 0;
    	  rc1.SetpointValue = 0;
    	  AlignFlag = 0x000F;
    	  RoundsFlag = FALSE;

      }
      qepMeasure();

#endif

// Acknowledge interrupt to recieve more interrupts from PIE group 1
	PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;


}// ISR Ends Here

/**********************************************************/
/***************Protection Configuration*******************/  
/**********************************************************/

void Run(_iq speed, Uint32 rounds, operationMode mode, direction dir)
{
	// Initial Rotor Alignment Process
    if (AlignFlag != 0)
    {
    	initValues();
    }
   else if (Start != 0)
    {

    rmp3.DesiredInput = CmtnPeriodTarget;

	if(mode == HALL)
	{
		rmp3.Ramp3Delay = 20;// 300RampDelay*20;//RampDelay; // 20 HALL
	}
	else
		 rmp3.Ramp3Delay = RampDelay;

    RC3_MACRO(rmp3)

	impl1.Period = rmp3.Out;
	IMPULSE_MACRO(impl1)

    if(SpeedLoopFlag == FALSE)
    	RampCounter++;


	if(mode == HALL)
	{
		hall1.HallMapPointer = (int16)mod1.Counter;
		HALL3_READ_MACRO(hall1)

		if (SpeedLoopFlag == FALSE)
		{
			mod1.Counter = (int32)hall1.HallMapPointer;
			mod1.TrigInput = impl1.Out;
		}
		else
		{
			mod1.TrigInput = (int32)hall1.CmtnTrigHall;
		}

	}
	else if(mode == SENSORLESS)
	{
		if(SpeedLoopFlag == FALSE)
		{
			mod1.TrigInput = impl1.Out;
		}
		else// closed-loop operation
		{
			mod1.TrigInput = cmtn1.CmtnTrig;
		}
	}
	testVariable = speed1.Revolutions;


    MOD6CNT_MACRO(mod1)




// ------------------------------------------------------------------------------
//    Connect inputs of the PID_REG3 module and call the PID speed controller macro.
// ------------------------------------------------------------------------------
    if (testVariable >= _IQ(rounds))
    {
    	rc1.TargetValue = 0;
    	RampDelay = 2;
    	if(rc1.EqualFlag == 0x7FFFFFFF)
    	{
    		RoundsFlag = TRUE;

    	}
    }
    else if (testVariable >= _IQ(0.70*rounds) && testVariable < _IQ(0.90*rounds))
    {
    	RampDelay = 5;
    	rc1.TargetValue = speed*0.2;
    }
    else if (testVariable >= _IQ(0.90*rounds))
    {
    	RampDelay = 1;
    	rc1.TargetValue = speed*0.1;
    }
    else
    	rc1.TargetValue = speed;




// ------------------------------------------------------------------------------
//    Set the speed closed loop flag once the speed is built up to a desired value.
// ------------------------------------------------------------------------------


    if (mode == SENSORLESS)
    {
    if(RampCounter > 40000*1) // Wait one second after ramping is complete before closing the speed-loop
    {
    	if(cmtn1.DebugBemf > _IQ(0.1)) // Assure that the back-EMF reading isn't too low
    	{
    		SpeedLoopFlag = TRUE;
    		rc1.RampDelayMax = 30;
    		rc1.SetpointValue = speed1.Speed;
    		RampCounter = 0;
    		//sprang = _IQ15(0.40);
    	}
    }
    }
    else if (mode == HALL)
    {
    	if (hall1.Revolutions>=0)
    		SpeedLoopFlag = TRUE;
    }

		if(SpeedLoopFlag == TRUE)
		{
			RC_MACRO(rc1)
		}


		if(rc1.EqualFlag == 0x7FFFFFFF )
		{
			rc1.RampDelayMax = 15;
		}


		pid1_spd.Ref = rc1.SetpointValue;
		pid1_spd.Fbk = speed1.Speed;
		PI_MACRO(pid1_spd)

		pid1_idc.Ref = pid1_spd.Out;
		pid1_idc.Fbk = DCbus_current;
		PI_MACRO(pid1_idc)

		if(SpeedLoopFlag == TRUE && ClosedLoopFlag == TRUE)
		{
			if (mode == HALL)
			{
			if(CurrentLoopFlag == TRUE)
				pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_idc.Out);
			else
				pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_spd.Out);
			}
			else if (mode == SENSORLESS)
			{
			//	if (IsSettled == TRUE)
			//	{
					if(CurrentLoopFlag == TRUE)
						pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_idc.Out);
					else
						pwm1.DutyFunc = (int16)_IQtoIQ15(pid1_spd.Out);
			//	}
			//		SettleCounter++;
			//	if (SettleCounter >= 40000*2)
			//	{
			//		IsSettled = TRUE;
			//	}
			}

		}

		else
		{
			RC2_MACRO(rmp2)
			pwm1.DutyFunc = sprang;//pwm1.DutyFunc = rmp2.Out;
		}


	if(mode == SENSORLESS)
	{
		pwm1.CmtnPointer = (int16)mod1.Counter;

		BLDCPWM_MACRO(1,2,3,pwm1)

		cmtn1.Va = _IQ12toIQ(AdcResult.ADCRESULT1);
		cmtn1.Vb = _IQ12toIQ(AdcResult.ADCRESULT2);
		cmtn1.Vc = _IQ12toIQ(AdcResult.ADCRESULT3);

		cmtn1.CmtnPointer = mod1.Counter;
		cmtn1.VirtualTimer = VirtualTimer;

		CMTN_TRIG_MACRO(cmtn1)

		RevolutionPeriod = cmtn1.RevPeriod;
		TotalRounds = cmtn1.Revolutions;

		speed1.EventPeriod = cmtn1.RevPeriod;
		SPEED_PR_MACRO(speed1)

						// PWMDAC 7A, 7B
	    pwmdac1.MfuncC1 = cmtn1.Va<<4;
	     pwmdac1.MfuncC2 = cmtn1.Vb<<4;
	     PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B

	     pwmdac1.MfuncC1 = cmtn1.Neutral<<4;
	     pwmdac1.MfuncC2 = cmtn1.DebugBemf<<5;
		  PWMDAC_MACRO(7,pwmdac1)
	}
	else if(mode == HALL)
	{
			if (hall1.CmtnTrigHall==0x7FFF)
			{
				PreviousState = pwm1.CmtnPointer;

				if (dir == RIGHT)
				{
					if (hall1.HallGpioAccepted==5)
						pwm1.CmtnPointer = 0;

					else if (hall1.HallGpioAccepted==1)
						pwm1.CmtnPointer = 1;

					else if (hall1.HallGpioAccepted==3)
						pwm1.CmtnPointer = 2;

					else if (hall1.HallGpioAccepted==2)
						pwm1.CmtnPointer = 3;

					else if (hall1.HallGpioAccepted==6)
						pwm1.CmtnPointer = 4;

					else if (hall1.HallGpioAccepted==4)
						pwm1.CmtnPointer = 5;
				}
				else
				{
					if (hall1.HallGpioAccepted==5)
						pwm1.CmtnPointer = 5;

					else if (hall1.HallGpioAccepted==4)
						pwm1.CmtnPointer = 4;

					else if (hall1.HallGpioAccepted==6)
						pwm1.CmtnPointer = 3;

					else if (hall1.HallGpioAccepted==2)
						pwm1.CmtnPointer = 2;

					else if (hall1.HallGpioAccepted==3)
						pwm1.CmtnPointer = 1;

					else if (hall1.HallGpioAccepted==1)
						pwm1.CmtnPointer = 0;

				}
		}
			if (SpeedLoopFlag == FALSE)
				pwm1.CmtnPointer = (int16)mod1.Counter;

				 BLDCPWM_MACRO(1,2,3,pwm1)


				 if ((((pwm1.CmtnPointer==4)&&(PreviousState==5)) || ((pwm1.CmtnPointer==5)&&(PreviousState==4))) &&(hall1.CmtnTrigHall==0x7FFF))
				 {
				 	speed1.TimeStamp = VirtualTimer;
				 	SPEED_PR_MACRO(speed1)
				 }




			 if(hall1.Revolutions >= 0)
				 TotalRounds = hall1.Revolutions/2;

			    pwmdac1.MfuncC1 = cmtn1.Va;
			     pwmdac1.MfuncC2 = cmtn1.Vb;
			     PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B

			     pwmdac1.MfuncC1 = cmtn1.Neutral;
			     pwmdac1.MfuncC2 = cmtn1.DebugBemf<<5;
				  PWMDAC_MACRO(7,pwmdac1)
	}

	// ------------------------------------------------------------------------------
	//    Call the DATALOG update function.
	// ------------------------------------------------------------------------------
	    dlog.update(&dlog);

	// ------------------------------------------------------------------------------
	//    Increase virtual timer and force 15 bit wrap around
	// ------------------------------------------------------------------------------
		VirtualTimer++;
		VirtualTimer &= 0x00007FFF;
    }
}



void qepMeasure()
{
    QEP_MACRO(1,qep1)

    speed2.ElecTheta = _IQ24toIQ((int32)qep1.ElecTheta);
    speed2.DirectionQep = (int32)(qep1.DirectionQep);
    SPEED_FR_MACRO(speed2)
}




void initValues()
{
	if (currentDirection == RIGHT)
	{
		pwm1.CmtnPointer = 0;
		mod1.Counter = 5;
		mod1.Direction = 0;
		cmtn1.Direction = 0;
	}
	else
	{
		pwm1.CmtnPointer = 0;
		mod1.Counter = 0;
		mod1.Direction = 1;
		cmtn1.Direction = 1;
	}

	   if(currentOperation == HALL)
	   {
		   speed1.InputSelect = 0;

		   	pid1_spd.Umax = _IQ(1.0);
		   	pid1_spd.Umin = _IQ(0);
		   	hall1.Revolutions = -3;

		   	pid1_spd.Kp   = _IQ(0.99); // 0.25
			pid1_spd.Ki   = _IQ(T/1.6670); // T/0.1
		   	pid1_spd.Kp   = _IQ(0.4113); // 0.25
			pid1_spd.Ki   = _IQ(T/0.2876); // T/0.1

			pid1_idc.Kp = _IQ(0.4113);
			pid1_idc.Ki   = _IQ(T/0.2876);
			pid1_idc.Kp = _IQ(0.99);
			pid1_idc.Ki   = _IQ(T/0.04);
			pid1_idc.Kp = _IQ(1.0021);
			pid1_idc.Ki   = _IQ(T/1.0236);
	   }
	   else if(currentOperation == SENSORLESS)
	   {
		   speed1.InputSelect = 1;
		   // Initialize the PI module for speed


		   	pid1_spd.Umax = _IQ(1.0);
		   	pid1_spd.Umin = _IQ(0);

			pid1_spd.Kp   = _IQ(0.4997);
			pid1_spd.Ki   = _IQ(T/0.4246);

		   	sprang = _IQ15(0.134);

	   }

	      TotalRounds = 0;

	     cmtn1.Revolutions = 0;
	     cmtn1.CmtnDelay = 0;
	     cmtn1.CmtnDelayCounter = 0;
	     cmtn1.RevPeriod = 0;
	     cmtn1.Tmp = 0;

	     rmp3.Out = CmtnPeriodSetpt;
	     rmp3.Ramp3DoneFlag = 0;

	     rmp2.Out = 0;

	     pid1_spd.Fbk = 0;// AlignDuty;
	     pid1_spd.Out = 0;//AlignDuty;
	     pid1_spd.Ref = 0;//AlignDuty;
	     pid1_spd.i1 = 0;
	     pid1_spd.ui = 0;
	     pid1_spd.up = 0;
	     pid1_spd.v1 = 0;
	     pid1_spd.w1 = _IQ(1);

	     IsSettled= 0;
	     RampCounter = 0;
	     SettleCounter = 0;

	     speed1.Speed = _IQ(0);
         pwm1.PeriodMax = (SYSTEM_FREQUENCY/PWM_FREQUENCY)*1000;  // Asymmetric PWM


         // Start aligning process
         rc1.RampDelayMax = 6;
         rc1.TargetValue = AlignDuty;
         RC_MACRO(rc1)
         pwm1.DutyFunc  = (int16)_IQtoIQ15(rc1.SetpointValue);
	     BLDCPWM_MACRO(1,2,3,pwm1)


	      if(rc1.EqualFlag == 0x7FFFFFFF)
	         {
	    	   pwm1.CmtnPointer = 0;
	           AlignFlag = 0;
	           VirtualTimer = 0;

		       rc1.EqualFlag = 0;
		       pwm1.DutyFunc  = sprang;
	         }

}


void HVDMC_Protection(void)
{

// Configure Trip Mechanism for the Motor control software
// -Cycle by cycle trip on CPU halt
// -One shot IPM trip zone trip 
// These trips need to be repeated for EPWM1 ,2 & 3

//===========================================================================
//Motor Control Trip Config, EPwm1,2,3
//===========================================================================
      EALLOW;
// CPU Halt Trip  
      EPwm1Regs.TZSEL.bit.CBC6=0x1;
      EPwm2Regs.TZSEL.bit.CBC6=0x1;
      EPwm3Regs.TZSEL.bit.CBC6=0x1;
      
      
      EPwm1Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT  
      EPwm2Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT      
      EPwm3Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT

// What do we want the OST/CBC events to do?
// TZA events can force EPWMxA
// TZB events can force EPWMxB

      EPwm1Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm1Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm2Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm2Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm3Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm3Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      
      EDIS;

     // Clear any spurious OV trip
      EPwm1Regs.TZCLR.bit.OST = 1;
      EPwm2Regs.TZCLR.bit.OST = 1;
      EPwm3Regs.TZCLR.bit.OST = 1;  
      
//************************** End of Prot. Conf. ***************************//
}


//===========================================================================
// No more.
//===========================================================================







Appendix A/HVPM_Sensored/HVPM_Sensored-DevInit_F2803x.c

//============================================================================
// FILE:	HVPMSM_Sensored-DevInit_F2803x.c
// TITLE:	Device initialization for F2803x series
//============================================================================


/***************************
Note that the CLA is not used nor initialized in this project. Please download 
the Peripheral Files and Example Projects collection (SPRC832) and look at the 
cla_adc project for information on how to use and configure the CLA.
***************************/

#include "PeripheralHeaderIncludes.h"

// Functions that will be run from RAM need to be assigned to
// a different section.  This section will then be mapped to a load and
// run address using the linker cmd file.
#pragma CODE_SECTION(InitFlash, "ramfuncs");
#define Device_cal (void   (*)(void))0x3D7C80

void DeviceInit(void);
void PieCntlInit(void);
void PieVectTableInit(void);
void WDogDisable(void);
void PLLset(Uint16);
void ISR_ILLEGAL(void);

//--------------------------------------------------------------------
//  Configure Device for target Application Here
//--------------------------------------------------------------------
void DeviceInit(void)
{
	WDogDisable(); 	// Disable the watchdog initially
	DINT;			// Global Disable all Interrupts
	IER = 0x0000;	// Disable CPU interrupts
	IFR = 0x0000;	// Clear all CPU interrupt flags


// Switch to Internal Oscillator 1 and turn off all other clock
// sources to minimize power consumption
	EALLOW;
	SysCtrlRegs.CLKCTL.bit.INTOSC1OFF = 0;
    SysCtrlRegs.CLKCTL.bit.OSCCLKSRCSEL=0;  // Clk Src = INTOSC1
	SysCtrlRegs.CLKCTL.bit.XCLKINOFF=1;     // Turn off XCLKIN
	SysCtrlRegs.CLKCTL.bit.XTALOSCOFF=1;    // Turn off XTALOSC
	SysCtrlRegs.CLKCTL.bit.INTOSC2OFF=1;    // Turn off INTOSC2
    EDIS;


// SYSTEM CLOCK speed based on internal oscillator = 10 MHz
// 0xC =  60	MHz		(12)
// 0xB =  55	MHz		(11)
// 0xA =  50	MHz		(10)
// 0x9 =  45	MHz		(9)
// 0x8 =  40	MHz		(8)
// 0x7 =  35	MHz		(7)
// 0x6 =  30	MHz		(6)
// 0x5 =  25	MHz		(5)
// 0x4 =  20	MHz		(4)
// 0x3 =  15	MHz		(3)
// 0x2 =  10	MHz		(2)

	PLLset(0xC);	// choose from options above

// Initialise interrupt controller and Vector Table
// to defaults for now. Application ISR mapping done later.
	PieCntlInit();		
	PieVectTableInit();

   EALLOW; // below registers are "protected", allow access.

// LOW SPEED CLOCKS prescale register settings
   SysCtrlRegs.LOSPCP.all = 0x0002;		// Sysclk / 4 (15 MHz)
   SysCtrlRegs.XCLK.bit.XCLKOUTDIV=2;
      
      
// ADC CALIBRATION 
//---------------------------------------------------
// The Device_cal function, which copies the ADC & oscillator calibration values
// from TI reserved OTP into the appropriate trim registers, occurs automatically
// in the Boot ROM. If the boot ROM code is bypassed during the debug process, the
// following function MUST be called for the ADC and oscillators to function according
// to specification.

	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1; // Enable ADC peripheral clock
	(*Device_cal)();					  // Auto-calibrate from TI OTP
	SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 0; // Return ADC clock to original state     

      	
// PERIPHERAL CLOCK ENABLES 
//---------------------------------------------------
// If you are not using a peripheral you may want to switch
// the clock off to save power, i.e. set to =0 
// 
// Note: not all peripherals are available on all 280x derivates.
// Refer to the datasheet for your particular device. 

   SysCtrlRegs.PCLKCR0.bit.ADCENCLK = 1;    // ADC
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.COMP1ENCLK = 1;	// COMP1
   SysCtrlRegs.PCLKCR3.bit.COMP2ENCLK = 1;	// COMP2
   SysCtrlRegs.PCLKCR3.bit.COMP3ENCLK = 1;  // COMP3
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.ECAP1ENCLK = 1;	//eCAP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.ECANAENCLK=0;   // eCAN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EQEP1ENCLK = 1;  // eQEP1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR1.bit.EPWM1ENCLK = 1;  // ePWM1
   SysCtrlRegs.PCLKCR1.bit.EPWM2ENCLK = 1;  // ePWM2
   SysCtrlRegs.PCLKCR1.bit.EPWM3ENCLK = 1;  // ePWM3
   SysCtrlRegs.PCLKCR1.bit.EPWM4ENCLK = 1;  // ePWM4
   SysCtrlRegs.PCLKCR1.bit.EPWM5ENCLK = 1;	// ePWM5
   SysCtrlRegs.PCLKCR1.bit.EPWM6ENCLK = 1;	// ePWM6
   SysCtrlRegs.PCLKCR1.bit.EPWM7ENCLK = 1;	// ePWM7
   SysCtrlRegs.PCLKCR0.bit.HRPWMENCLK = 0;    // HRPWM
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.I2CAENCLK = 0;   // I2C
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.LINAENCLK = 0;   // LIN-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR3.bit.CLA1ENCLK = 0;   // CLA1
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SCIAENCLK = 1;  	// SCI-A
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.SPIAENCLK = 0;	// SPI-A
   SysCtrlRegs.PCLKCR0.bit.SPIBENCLK = 0;     // SPI-B
   //------------------------------------------------
   SysCtrlRegs.PCLKCR0.bit.TBCLKSYNC = 1;   // Enable TBCLK
   //------------------------------------------------           

                               
//--------------------------------------------------------------------------------------
// GPIO (GENERAL PURPOSE I/O) CONFIG
//--------------------------------------------------------------------------------------
//-----------------------
// QUICK NOTES on USAGE:
//-----------------------
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 1, 2 or 3 (i.e. Non GPIO func), then leave
//	rest of lines commented
// If GpioCtrlRegs.GP?MUX?bit.GPIO?= 0 (i.e. GPIO func), then:
//	1) uncomment GpioCtrlRegs.GP?DIR.bit.GPIO? = ? and choose pin to be IN or OUT
//	2) If IN, can leave next to lines commented
//	3) If OUT, uncomment line with ..GPACLEAR.. to force pin LOW or
//			   uncomment line with ..GPASET.. to force pin HIGH or
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-00 - PIN FUNCTION = PWM1A
	GpioCtrlRegs.GPAMUX1.bit.GPIO0 = 1;		// 0=GPIO,  1=EPWM1A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO0 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO0 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO0 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-01 - PIN FUNCTION = PWM1B
	GpioCtrlRegs.GPAMUX1.bit.GPIO1 = 1;		// 0=GPIO,  1=EPWM1B,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO1 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO1 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO1 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-02 - PIN FUNCTION = PWM2A
	GpioCtrlRegs.GPAMUX1.bit.GPIO2 = 1;		// 0=GPIO,  1=EPWM2A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO2 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO2 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO2 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-03 - PIN FUNCTION = PWM2B
	GpioCtrlRegs.GPAMUX1.bit.GPIO3 = 1;		// 0=GPIO,  1=EPWM2B,  2=SPISOMI-A,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO3 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO3 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO3 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-04 - PIN FUNCTION = PWM3A
	GpioCtrlRegs.GPAMUX1.bit.GPIO4 = 1;		// 0=GPIO,  1=EPWM3A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO4 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO4 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO4 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-05 - PIN FUNCTION = PWM3B
	GpioCtrlRegs.GPAMUX1.bit.GPIO5 = 1;		// 0=GPIO,  1=EPWM3B,  2=SPISIMO-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO5 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO5 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO5 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-06 - PIN FUNCTION = PWM4A
	GpioCtrlRegs.GPAMUX1.bit.GPIO6 = 1;		// 0=GPIO,  1=EPWM4A,  2=SYNCI,  3=SYNCO
//	GpioCtrlRegs.GPADIR.bit.GPIO6 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO6 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO6 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-07 - PIN FUNCTION = PWM4B
	GpioCtrlRegs.GPAMUX1.bit.GPIO7 = 1;		// 0=GPIO,  1=EPWM4B,  2=SCIRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO7 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO7 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO7 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-08 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO8 = 1;		// 0=GPIO,  1=EPWM5A,  2=Resv,  3=ADCSOC-A
//	GpioCtrlRegs.GPADIR.bit.GPIO8 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO8 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO8 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-09 - PIN FUNCTION = Clear Fault
	GpioCtrlRegs.GPAMUX1.bit.GPIO9 = 0;		// 0=GPIO,  1=EPWM5B,  2=LINTX-A,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO9 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO9 = 1;	// uncomment if --> Set Low initially
	GpioDataRegs.GPASET.bit.GPIO9 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-10 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO10 = 1;	// 0=GPIO,  1=EPWM6A,  2=Resv,  3=ADCSOC-B
//	GpioCtrlRegs.GPADIR.bit.GPIO10 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO10 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO10 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-11 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO11 = 1;	// 0=GPIO,  1=EPWM6B,  2=LINRX-A,  3=Resv
//	GpioCtrlRegs.GPADIR.bit.GPIO11 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO11 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO11 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-12 - PIN FUNCTION = TZ1
	GpioCtrlRegs.GPAMUX1.bit.GPIO12 = 1;	// 0=GPIO,  1=TZ1,  2=SCITX-A,  3=SPISIMO-B
//	GpioCtrlRegs.GPADIR.bit.GPIO12 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO12 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO12 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-13 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO13 = 0;	// 0=GPIO,  1=TZ2,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO13 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO13 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO13 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-14 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX1.bit.GPIO14 = 0;	// 0=GPIO,  1=TZ3,  2=LINTX-A,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO14 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO14 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO14 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-15 - PIN FUNCTION = OCP
	GpioCtrlRegs.GPAMUX1.bit.GPIO15 = 0;	// 0=GPIO,  1=TZ1,  2=LINRX-A,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO15 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO15 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO15 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-16 - PIN FUNCTION = SPISIMO-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO16 = 1;	// 0=GPIO,  1=SPISIMO-A,  2=Resv,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO16 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO16 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO16 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-17 - PIN FUNCTION = SPISOMI-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO17 = 1;	// 0=GPIO,  1=SPISOMI-A,  2=Resv,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO17 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO17 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO17 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-18 - PIN FUNCTION = SPICLK-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO18 = 1;	// 0=GPIO,  1=SPICLK-A,  2=LINTX-A,  3=XCLKOUT
//	GpioCtrlRegs.GPADIR.bit.GPIO18 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO18 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO18 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-19 - PIN FUNCTION = SPISTE-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO19 = 1;	// 0=GPIO,  1=SPISTE-A,  2=LINRX-A,  3=ECAP1
//	GpioCtrlRegs.GPADIR.bit.GPIO19 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO19 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO19 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-20 - PIN FUNCTION = EQEPA-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO20 = 1;	// 0=GPIO,  1=EQEPA-1,  2=Resv,  3=COMP1OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO20 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO20 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO20 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-21 - PIN FUNCTION = EQEPB-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO21 = 1;	// 0=GPIO,  1=EQEPB-1,  2=Resv,  3=COMP2OUT
//	GpioCtrlRegs.GPADIR.bit.GPIO21 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO21 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO21 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-22 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO22 = 0;	// 0=GPIO,  1=EQEPS-1,  2=Resv,  3=LINTX-A
	GpioCtrlRegs.GPADIR.bit.GPIO22 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO22 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO22 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-23 - PIN FUNCTION = EQEPI-1
	GpioCtrlRegs.GPAMUX2.bit.GPIO23 = 1;	// 0=GPIO,  1=EQEPI-1,  2=Resv,  3=LINRX-A
//	GpioCtrlRegs.GPADIR.bit.GPIO23 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO23 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO23 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-24 - PIN FUNCTION = ECAP1
	GpioCtrlRegs.GPAMUX2.bit.GPIO24 = 1;	// 0=GPIO,  1=ECAP1,  2=Resv,  3=SPISIMO-B
	GpioCtrlRegs.GPADIR.bit.GPIO24 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO24 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO24 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-25 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO25 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISOMI-B
	GpioCtrlRegs.GPADIR.bit.GPIO25 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO25 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO25 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-26 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPAMUX2.bit.GPIO26 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPICLK-B
	GpioCtrlRegs.GPADIR.bit.GPIO26 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO26 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO26 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-27 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPAMUX2.bit.GPIO27 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=SPISTE-B
	GpioCtrlRegs.GPADIR.bit.GPIO27 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO27 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO27 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-28 - PIN FUNCTION = SCI-RX
	GpioCtrlRegs.GPAMUX2.bit.GPIO28 = 1;	// 0=GPIO,  1=SCIRX-A,  2=I2CSDA-A,  3=TZ2
//	GpioCtrlRegs.GPADIR.bit.GPIO28 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO28 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO28 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-29 - PIN FUNCTION = SCI-TX
	GpioCtrlRegs.GPAMUX2.bit.GPIO29 = 1;	// 0=GPIO,  1=SCITXD-A,  2=I2CSCL-A,  3=TZ3
//	GpioCtrlRegs.GPADIR.bit.GPIO29 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO29 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO29 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-30 - PIN FUNCTION = CANRX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO30 = 1;	// 0=GPIO,  1=CANRX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO30 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO30 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO30 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-31 - PIN FUNCTION = CANTX-A
	GpioCtrlRegs.GPAMUX2.bit.GPIO31 = 1;	// 0=GPIO,  1=CANTX-A,  2=Resv,  3=Resv
	GpioCtrlRegs.GPADIR.bit.GPIO31 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPACLEAR.bit.GPIO31 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPASET.bit.GPIO31 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-32 - PIN FUNCTION = I2CSDA-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO32 = 1;	// 0=GPIO,  1=I2CSDA-A,  2=SYNCI,  3=ADCSOCA
//	GpioCtrlRegs.GPBDIR.bit.GPIO32 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO32 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO32 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-33 - PIN FUNCTION = I2CSCL-A
	GpioCtrlRegs.GPBMUX1.bit.GPIO33 = 1;	// 0=GPIO,  1=I2CSCL-A,  2=SYNCO,  3=ADCSOCB
//	GpioCtrlRegs.GPBDIR.bit.GPIO33 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO33 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO33 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-34 - PIN FUNCTION = LED3 on controlCARD
	GpioCtrlRegs.GPBMUX1.bit.GPIO34 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO34 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO34 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO34 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
// GPIO 35-38 are defaulted to JTAG usage, and are not shown here to enforce JTAG debug
// usage. 
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
//  GPIO-39 - PIN FUNCTION = GPIO
	GpioCtrlRegs.GPBMUX1.bit.GPIO39 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO39 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO39 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO39 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-40 - PIN FUNCTION = EPWM7A
	GpioCtrlRegs.GPBMUX1.bit.GPIO40 = 1;	// 0=GPIO,  1=EPWM7A,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO40 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO40 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO40 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-41 - PIN FUNCTION = EPWM7B
	GpioCtrlRegs.GPBMUX1.bit.GPIO41 = 1;	// 0=GPIO,  1=EPWM7B,  2=Resv,  3=Resv
//	GpioCtrlRegs.GPBDIR.bit.GPIO41 = 1;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO41 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO41 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-42 - PIN FUNCTION = LED2
	GpioCtrlRegs.GPBMUX1.bit.GPIO42 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP1OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO42 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO42 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO42 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-43 - PIN FUNCTION = --Spare--
	GpioCtrlRegs.GPBMUX1.bit.GPIO43 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=COMP2OUT
	GpioCtrlRegs.GPBDIR.bit.GPIO43 = 0;		// 1=OUTput,  0=INput 
//	GpioDataRegs.GPBCLEAR.bit.GPIO43 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO43 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//  GPIO-44 - PIN FUNCTION = LED1
	GpioCtrlRegs.GPBMUX1.bit.GPIO44 = 0;	// 0=GPIO,  1=Resv,  2=Resv,  3=Resv
	GpioCtrlRegs.GPBDIR.bit.GPIO44 = 1;		// 1=OUTput,  0=INput 
	GpioDataRegs.GPBCLEAR.bit.GPIO44 = 1;	// uncomment if --> Set Low initially
//	GpioDataRegs.GPBSET.bit.GPIO44 = 1;		// uncomment if --> Set High initially
//--------------------------------------------------------------------------------------
//--------------------------------------------------------------------------------------
	EDIS;	// Disable register access
}



//============================================================================
// NOTE:
// IN MOST APPLICATIONS THE FUNCTIONS AFTER THIS POINT CAN BE LEFT UNCHANGED
// THE USER NEED NOT REALLY UNDERSTAND THE BELOW CODE TO SUCCESSFULLY RUN THIS
// APPLICATION.
//============================================================================

void WDogDisable(void)
{
    EALLOW;
    SysCtrlRegs.WDCR= 0x0068;
    EDIS;
}

// This function initializes the PLLCR register.
//void InitPll(Uint16 val, Uint16 clkindiv)
void PLLset(Uint16 val)
{
   volatile Uint16 iVol;

   // Make sure the PLL is not running in limp mode
   if (SysCtrlRegs.PLLSTS.bit.MCLKSTS != 0)
   {
	  EALLOW;
      // OSCCLKSRC1 failure detected. PLL running in limp mode.
      // Re-enable missing clock logic.
      SysCtrlRegs.PLLSTS.bit.MCLKCLR = 1;
      EDIS;
      // Replace this line with a call to an appropriate
      // SystemShutdown(); function.
      asm("        ESTOP0");     // Uncomment for debugging purposes
   }

   // DIVSEL MUST be 0 before PLLCR can be changed from
   // 0x0000. It is set to 0 by an external reset XRSn
   // This puts us in 1/4
   if (SysCtrlRegs.PLLSTS.bit.DIVSEL != 0)
   {
       EALLOW;
       SysCtrlRegs.PLLSTS.bit.DIVSEL = 0;
       EDIS;
   }

   // Change the PLLCR
   if (SysCtrlRegs.PLLCR.bit.DIV != val)
   {

      EALLOW;
      // Before setting PLLCR turn off missing clock detect logic
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 1;
      SysCtrlRegs.PLLCR.bit.DIV = val;
      EDIS;

      // Optional: Wait for PLL to lock.
      // During this time the CPU will switch to OSCCLK/2 until
      // the PLL is stable.  Once the PLL is stable the CPU will
      // switch to the new PLL value.
      //
      // This time-to-lock is monitored by a PLL lock counter.
      //
      // Code is not required to sit and wait for the PLL to lock.
      // However, if the code does anything that is timing critical,
      // and requires the correct clock be locked, then it is best to
      // wait until this switching has completed.

      // Wait for the PLL lock bit to be set.
      // The watchdog should be disabled before this loop, or fed within
      // the loop via ServiceDog().

	  // Uncomment to disable the watchdog
      WDogDisable();

	  while(SysCtrlRegs.PLLSTS.bit.PLLLOCKS != 1) {}

      EALLOW;
      SysCtrlRegs.PLLSTS.bit.MCLKOFF = 0;
	  EDIS;
	}

	  //divide down SysClk by 2 to increase stability
	EALLOW;
	SysCtrlRegs.PLLSTS.bit.DIVSEL = 2; 
	EDIS;
}


// This function initializes the PIE control registers to a known state.
//
void PieCntlInit(void)
{
    // Disable Interrupts at the CPU level:
    DINT;

    // Disable the PIE
    PieCtrlRegs.PIECTRL.bit.ENPIE = 0;

	// Clear all PIEIER registers:
	PieCtrlRegs.PIEIER1.all = 0;
	PieCtrlRegs.PIEIER2.all = 0;
	PieCtrlRegs.PIEIER3.all = 0;	
	PieCtrlRegs.PIEIER4.all = 0;
	PieCtrlRegs.PIEIER5.all = 0;
	PieCtrlRegs.PIEIER6.all = 0;
	PieCtrlRegs.PIEIER7.all = 0;
	PieCtrlRegs.PIEIER8.all = 0;
	PieCtrlRegs.PIEIER9.all = 0;
	PieCtrlRegs.PIEIER10.all = 0;
	PieCtrlRegs.PIEIER11.all = 0;
	PieCtrlRegs.PIEIER12.all = 0;

	// Clear all PIEIFR registers:
	PieCtrlRegs.PIEIFR1.all = 0;
	PieCtrlRegs.PIEIFR2.all = 0;
	PieCtrlRegs.PIEIFR3.all = 0;	
	PieCtrlRegs.PIEIFR4.all = 0;
	PieCtrlRegs.PIEIFR5.all = 0;
	PieCtrlRegs.PIEIFR6.all = 0;
	PieCtrlRegs.PIEIFR7.all = 0;
	PieCtrlRegs.PIEIFR8.all = 0;
	PieCtrlRegs.PIEIFR9.all = 0;
	PieCtrlRegs.PIEIFR10.all = 0;
	PieCtrlRegs.PIEIFR11.all = 0;
	PieCtrlRegs.PIEIFR12.all = 0;
}	


void PieVectTableInit(void)
{
	int16 i;
   	PINT *Dest = &PieVectTable.TINT1;

   	EALLOW;
   	for(i=0; i < 115; i++) 
    *Dest++ = &ISR_ILLEGAL;
   	EDIS;
 
   	// Enable the PIE Vector Table
   	PieCtrlRegs.PIECTRL.bit.ENPIE = 1; 	
}

interrupt void ISR_ILLEGAL(void)   // Illegal operation TRAP
{
  // Insert ISR Code here

  // Next two lines for debug only to halt the processor here
  // Remove after inserting ISR Code
  asm("          ESTOP0");
  for(;;);

}

// This function initializes the Flash Control registers

//                   CAUTION
// This function MUST be executed out of RAM. Executing it
// out of OTP/Flash will yield unpredictable results

void InitFlash(void)
{
   EALLOW;
   //Enable Flash Pipeline mode to improve performance
   //of code executed from Flash.
   FlashRegs.FOPT.bit.ENPIPE = 1;

   //                CAUTION
   //Minimum waitstates required for the flash operating
   //at a given CPU rate must be characterized by TI.
   //Refer to the datasheet for the latest information.

   //Set the Paged Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.PAGEWAIT = 3;

   //Set the Random Waitstate for the Flash
   FlashRegs.FBANKWAIT.bit.RANDWAIT = 3;

   //Set the Waitstate for the OTP
   FlashRegs.FOTPWAIT.bit.OTPWAIT = 5;

   //                CAUTION
   //ONLY THE DEFAULT VALUE FOR THESE 2 REGISTERS SHOULD BE USED
   FlashRegs.FSTDBYWAIT.bit.STDBYWAIT = 0x01FF;
   FlashRegs.FACTIVEWAIT.bit.ACTIVEWAIT = 0x01FF;
   EDIS;

   //Force a pipeline flush to ensure that the write to
   //the last register configured occurs before returning.

   asm(" RPT #7 || NOP");
}


// This function will copy the specified memory contents from
// one location to another. 
// 
//	Uint16 *SourceAddr        Pointer to the first word to be moved
//                          SourceAddr < SourceEndAddr
//	Uint16* SourceEndAddr     Pointer to the last word to be moved
//	Uint16* DestAddr          Pointer to the first destination word
//
// No checks are made for invalid memory locations or that the
// end address is > then the first start address.

void MemCopy(Uint16 *SourceAddr, Uint16* SourceEndAddr, Uint16* DestAddr)
{
    while(SourceAddr < SourceEndAddr)
    { 
       *DestAddr++ = *SourceAddr++;
    }
    return;
}
	
//===========================================================================
// End of file.
//===========================================================================
















Appendix A/HVPM_Sensored/HVPM_Sensored.c

/* ==============================================================================
System Name:  	HVPM_Sensored

File Name:	  	HVPM_Sensored.C

Description:	Primary system file for the FOC control using BLDC motor. To use the file, select desired speed SpeedRef
 	 	 	 	and choose EnableFlag = 0 to start the aligning of the motor.
 	 	 	 	Choose lsw = 0 or lsw = 1 to start the motor, depending on if speed-loop is desired
=================================================================================  */

// Include header files used in the main function

#include "PeripheralHeaderIncludes.h"
#define   MATH_TYPE      IQ_MATH
#include "IQmathLib.h"
#include "HVPM_Sensored.h"
#include "HVPM_Sensored-Settings.h"
#include <math.h>

#ifdef FLASH
#pragma CODE_SECTION(MainISR,"ramfuncs");
#pragma CODE_SECTION(OffsetISR,"ramfuncs");
#endif

// Prototype statements for functions found within this file.
interrupt void MainISR(void);
interrupt void OffsetISR(void);
void DeviceInit();
void MemCopy();
void InitFlash();
void HVDMC_Protection(void);

// State Machine function prototypes
//------------------------------------
// Alpha states
void A0(void);	//state A0
void B0(void);	//state B0
void C0(void);	//state C0

// A branch states
void A1(void);	//state A1
void A2(void);	//state A2
void A3(void);	//state A3

// B branch states
void B1(void);	//state B1
void B2(void);	//state B2
void B3(void);	//state B3

// C branch states
void C1(void);	//state C1
void C2(void);	//state C2
void C3(void);	//state C3

// Variable declarations
void (*Alpha_State_Ptr)(void);	// Base States pointer
void (*A_Task_Ptr)(void);		// State pointer A branch
void (*B_Task_Ptr)(void);		// State pointer B branch
void (*C_Task_Ptr)(void);		// State pointer C branch

// Used for running BackGround in flash, and ISR in RAM
extern Uint16 *RamfuncsLoadStart, *RamfuncsLoadEnd, *RamfuncsRunStart;


int16	VTimer0[4];			// Virtual Timers slaved off CPU Timer 0 (A events)
int16	VTimer1[4]; 		// Virtual Timers slaved off CPU Timer 1 (B events)
int16	VTimer2[4]; 		// Virtual Timers slaved off CPU Timer 2 (C events)
int16	SerialCommsTimer;

// Global variables used in this system

Uint16 OffsetFlag=0; 
_iq offsetA=0;
_iq offsetB=0;
_iq offsetC=0;
_iq K1=_IQ(0.998);		//Offset filter coefficient K1: 0.05/(T+0.05);
_iq K2=_IQ(0.001999);	//Offset filter coefficient K2: T/(T+0.05);
extern _iq IQsinTable[];
extern _iq IQcosTable[];






_iq VdTesting = _IQ(0.0);			// Vd reference (pu)
_iq VqTesting = _IQ(0.4);			// Vq reference (pu)
_iq IdRef = _IQ(0);				// Id reference (pu)
_iq IqRef = _IQ(0.1);				// Iq reference (pu)


#if (BUILDLEVEL<LEVEL3)             // Speed reference (pu)
_iq  SpeedRef = _IQ(0.15);          // For Open Loop tests
#else
_iq  SpeedRef = _IQ(0.25);           // For Closed Loop tests
#endif


Uint32 TotalRounds = 0;
Uint32 DesiredRounds = 0x044B;
float32 T = 0.001/ISR_FREQUENCY;    // Samping period (sec), see parameter.h 

Uint32 IsrTicker = 0;
Uint16 BackTicker = 0;
Uint16 lsw=0;
Uint16 TripFlagDMC=0;				//Trip status 
Uint16 Init_IFlag=0;

// Default ADC initialization 
int ChSel[16]   = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
int	TrigSel[16] = {5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5};
int ACQPS[16]   = {8,8,8,8,8,8,8,8,8,8,8,8,8,8,8,8};

int16 DlogCh1 = 0;
int16 DlogCh2 = 0;
int16 DlogCh3 = 0;
int16 DlogCh4 = 0; 


volatile Uint16 EnableFlag = FALSE;
Uint16 LockRotorFlag = FALSE;

Uint16 SpeedLoopPrescaler = 10;      // Speed loop prescaler
Uint16 SpeedLoopCount = 1;           // Speed loop counter


// Instance a few transform objects
CLARKE clarke1 = CLARKE_DEFAULTS;
PARK park1 = PARK_DEFAULTS;
IPARK ipark1 = IPARK_DEFAULTS;

// Instance PI regulators to regulate the d and q  axis currents, and speed
PI_CONTROLLER pi_spd = PI_CONTROLLER_DEFAULTS;
PI_CONTROLLER pi_id  = PI_CONTROLLER_DEFAULTS;
PI_CONTROLLER pi_iq  = PI_CONTROLLER_DEFAULTS;

// Instance a PWM driver instance
PWMGEN pwm1 = PWMGEN_DEFAULTS;

// Instance a PWM DAC driver instance
PWMDAC pwmdac1 = PWMDAC_DEFAULTS;

// Instance a Space Vector PWM modulator. This modulator generates a, b and c
// phases based on the d and q stationery reference frame inputs
SVGEN svgen1 = SVGEN_DEFAULTS;

// Instance a ramp controller to smoothly ramp the frequency
RMPCNTL rc1 = RMPCNTL_DEFAULTS;

//	Instance a ramp generator to simulate an Anglele
RAMPGEN rg1 = RAMPGEN_DEFAULTS;

// Instance a speed calculator based on QEP
SPEED_MEAS_QEP speed1 = SPEED_MEAS_QEP_DEFAULTS;

// Instance a QEP interface driver 
QEP qep1 = QEP_DEFAULTS; 

// Create an instance of DATALOG Module
DLOG_4CH dlog = DLOG_4CH_DEFAULTS;      



void main(void)
{
	
	DeviceInit();	// Device Life support & GPIO		

// Only used if running from FLASH
// Note that the variable FLASH is defined by the compiler

#ifdef FLASH
// Copy time critical code and Flash setup code to RAM
// The  RamfuncsLoadStart, RamfuncsLoadEnd, and RamfuncsRunStart
// symbols are created by the linker. Refer to the linker files. 
	MemCopy(&RamfuncsLoadStart, &RamfuncsLoadEnd, &RamfuncsRunStart);

// Call Flash Initialization to setup flash waitstates
// This function must reside in RAM
	InitFlash();	// Call the flash wrapper init function
#endif //(FLASH)

   // Waiting for enable flag set
   while (EnableFlag==FALSE) 
    { 
      BackTicker++;
    }

// Timing sync for background loops 
// Timer period definitions found in device specific PeripheralHeaderIncludes.h
	CpuTimer0Regs.PRD.all =  mSec1;		// A tasks
	CpuTimer1Regs.PRD.all =  mSec5;		// B tasks
	CpuTimer2Regs.PRD.all =  mSec50;	// C tasks

// Tasks State-machine init
	Alpha_State_Ptr = &A0;
	A_Task_Ptr = &A1;
	B_Task_Ptr = &B1;
	C_Task_Ptr = &C1;

// Initialize PWM module	    
    pwm1.PeriodMax = SYSTEM_FREQUENCY*1000000*T/2;  // Prescaler X1 (T1), ISR period = T x 1
    pwm1.HalfPerMax=pwm1.PeriodMax/2;
    pwm1.Deadband  = 2.0*SYSTEM_FREQUENCY;     	    // 120 counts -> 2.0 usec for TBCLK = SYSCLK/1
    PWM_INIT_MACRO(1,2,3,pwm1)
    
// Initialize PWMDAC module
	pwmdac1.PeriodMax=500;		   	// @60Mhz, 1500->20kHz, 1000-> 30kHz, 500->60kHz
	pwmdac1.HalfPerMax=pwmdac1.PeriodMax/2;
	PWMDAC_INIT_MACRO(6,pwmdac1) 	// PWM 6A,6B
	PWMDAC_INIT_MACRO(7,pwmdac1) 	// PWM 7A,7B 

// Initialize DATALOG module
    dlog.iptr1 = &DlogCh1;
    dlog.iptr2 = &DlogCh2;
	dlog.iptr3 = &DlogCh3;
    dlog.iptr4 = &DlogCh4;
    dlog.trig_value = 0x1;
    dlog.size = 0x0c8;
    dlog.prescalar = 5;
    dlog.init(&dlog);


// Initialize ADC for DMC Kit Rev 1.1 	 
	ChSel[0]=1;		// Dummy meas. avoid 1st sample issue Rev0 Picollo*/
	ChSel[1]=1;		// ChSelect: ADC A1-> Phase A Current 
	ChSel[2]=9;		// ChSelect: ADC B1-> Phase B Current 
	ChSel[3]=3;		// ChSelect: ADC A3-> Phase C Current
	ChSel[4]=15;	// ChSelect: ADC B7-> Phase A Voltage
	ChSel[5]=14;	// ChSelect: ADC B6-> Phase B Voltage
	ChSel[6]=12;	// ChSelect: ADC B4-> Phase C Voltage
	ChSel[7]=7;		// ChSelect: ADC A7-> DC Bus  Voltage
    
	ADC_MACRO_INIT(ChSel,TrigSel,ACQPS)

// Initialize QEP module
    qep1.LineEncoder = 500;
    qep1.MechScaler = _IQ30(0.25/qep1.LineEncoder);
    qep1.PolePairs = POLES/2;
    qep1.CalibratedAngle = 1000;
    QEP_INIT_MACRO(1,qep1)

// Initialize the Speed module for QEP based speed calculation
    speed1.K1 = _IQ21(1/(BASE_FREQ*T));
    speed1.K2 = _IQ(1/(1+T*2*PI*5));  // Low-pass cut-off frequency
    speed1.K3 = _IQ(1)-speed1.K2;
    speed1.BaseRpm = 120*(BASE_FREQ/POLES);

// Initialize the RAMPGEN module
    rg1.StepAngleMax = _IQ(BASE_FREQ*T); 
    
// Initialize the PI module for Id
    pi_spd.Kp=_IQ(1);
	pi_spd.Ki=_IQ(T*SpeedLoopPrescaler/0.4);///0.2

	pi_spd.Umax =_IQ(0.95);
	pi_spd.Umin =_IQ(-0.95);
	
// Initialize the PI module for Iq	
	pi_id.Kp=_IQ(1.0);
	pi_id.Ki=_IQ(T/0.08);
	pi_id.Umax =_IQ(0.80);
	pi_id.Umin =_IQ(-0.80);
	
// Initialize the PI module for speed
	pi_iq.Kp=_IQ(1.0);
	pi_iq.Ki=_IQ(T/0.08);
	pi_iq.Umax =_IQ(0.8);
	pi_iq.Umin =_IQ(-0.8);

//  Note that the vectorial sum of d-q PI outputs should be less than 1.0 which refers to maximum duty cycle for SVGEN.
//  Another duty cycle limiting factor is current sense through shunt resistors which depends on hardware/software implementation.
//  Depending on the application requirements 3,2 or a single shunt resistor can be used for current waveform reconstruction.
//  The higher number of shunt resistors allow the higher duty cycle operation and better dc bus utilization.   	
//  The users should adjust the PI saturation levels carefully during open loop tests (i.e pi_id.Umax, pi_iq.Umax and Umins) as in project manuals. 
//  Violation of this procedure yields distorted current waveforms and unstable closed loop operations which may damage the inverter. 

//Call HVDMC Protection function
	HVDMC_Protection();	

// Reassign ISRs. 

	EALLOW;	// This is needed to write to EALLOW protected registers

	PieVectTable.ADCINT1 = &OffsetISR;
	
// Enable PIE group 1 interrupt 1 for ADC1_INT
	PieCtrlRegs.PIEIER1.bit.INTx1 = 1;

// Enable EOC interrupt(after the 4th conversion) 

	AdcRegs.ADCINTOVFCLR.bit.ADCINT1=1;
	AdcRegs.ADCINTFLGCLR.bit.ADCINT1=1;
	AdcRegs.INTSEL1N2.bit.INT1CONT=1;  //
	AdcRegs.INTSEL1N2.bit.INT1SEL=4;
	AdcRegs.INTSEL1N2.bit.INT1E=1;
	
// Enable CPU INT1 for ADC1_INT:
	IER |= M_INT1;
	
// Enable global Interrupts and higher priority real-time debug events:
	EINT;   // Enable Global interrupt INTM
	ERTM;	// Enable Global realtime interrupt DBGM
	
	EDIS;
	


// IDLE loop. Just sit and loop forever:	
	for(;;)  //infinite loop
	{
		// State machine entry & exit point
		//===========================================================
		(*Alpha_State_Ptr)();	// jump to an Alpha state (A0,B0,...)
		//===========================================================

	}
} //END MAIN CODE



//=================================================================================
//	STATE-MACHINE SEQUENCING AND SYNCRONIZATION FOR SLOW BACKGROUND TASKS
//=================================================================================

//--------------------------------- FRAMEWORK -------------------------------------
void A0(void)
{
	// loop rate synchronizer for A-tasks
	if(CpuTimer0Regs.TCR.bit.TIF == 1)
	{
		CpuTimer0Regs.TCR.bit.TIF = 1;	// clear flag

		//-----------------------------------------------------------
		(*A_Task_Ptr)();		// jump to an A Task (A1,A2,A3,...)
		//-----------------------------------------------------------

		VTimer0[0]++;			// virtual timer 0, instance 0 (spare)
		SerialCommsTimer++;
	}

	Alpha_State_Ptr = &B0;		// Comment out to allow only A tasks
}

void B0(void)
{
	// loop rate synchronizer for B-tasks
	if(CpuTimer1Regs.TCR.bit.TIF == 1)
	{
		CpuTimer1Regs.TCR.bit.TIF = 1;				// clear flag

		//-----------------------------------------------------------
		(*B_Task_Ptr)();		// jump to a B Task (B1,B2,B3,...)
		//-----------------------------------------------------------
		VTimer1[0]++;			// virtual timer 1, instance 0 (spare)
	}

	Alpha_State_Ptr = &C0;		// Allow C state tasks
}

void C0(void)
{
	// loop rate synchronizer for C-tasks
	if(CpuTimer2Regs.TCR.bit.TIF == 1)
	{
		CpuTimer2Regs.TCR.bit.TIF = 1;				// clear flag

		//-----------------------------------------------------------
		(*C_Task_Ptr)();		// jump to a C Task (C1,C2,C3,...)
		//-----------------------------------------------------------
		VTimer2[0]++;			//virtual timer 2, instance 0 (spare)
	}

	Alpha_State_Ptr = &A0;	// Back to State A0
}


//=================================================================================
//	A - TASKS (executed in every 1 msec)
//=================================================================================
//--------------------------------------------------------
void A1(void) // SPARE (not used)
//--------------------------------------------------------
{
		if(EPwm1Regs.TZFLG.bit.OST==0x1)
	    TripFlagDMC=1;      // Trip on DMC (halt and IPM fault trip )
	
	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A2
	A_Task_Ptr = &A2;
	//-------------------
}

//-----------------------------------------------------------------
void A2(void) // SPARE (not used)
//-----------------------------------------------------------------
{	

	//-------------------
	//the next time CpuTimer0 'counter' reaches Period value go to A3
	A_Task_Ptr = &A3;
	//-------------------
}

//-----------------------------------------
void A3(void) // SPARE (not used)
//-----------------------------------------
{

	//-----------------
	//the next time CpuTimer0 'counter' reaches Period value go to A1
	A_Task_Ptr = &A1;
	//-----------------
}



//=================================================================================
//	B - TASKS (executed in every 5 msec)
//=================================================================================

//----------------------------------- USER ----------------------------------------

//----------------------------------------
void B1(void) // Toggle GPIO-00
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B2
	B_Task_Ptr = &B2;	
	//-----------------
}

//----------------------------------------
void B2(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B3
	B_Task_Ptr = &B3;
	//-----------------
}

//----------------------------------------
void B3(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer1 'counter' reaches Period value go to B1
	B_Task_Ptr = &B1;	
	//-----------------
}


//=================================================================================
//	C - TASKS (executed in every 50 msec)
//=================================================================================

//--------------------------------- USER ------------------------------------------

//----------------------------------------
void C1(void) 	// Toggle GPIO-34 
//----------------------------------------
{

	if(EPwm1Regs.TZFLG.bit.OST==0x1)			// TripZ for PWMs is low (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO42 = 1;
	  }	
	 
	if(GpioDataRegs.GPADAT.bit.GPIO15 == 1)		// Over Current Prot. for Integrated Power Module is high (fault trip)
	  { TripFlagDMC=1;      				   
	  GpioDataRegs.GPBTOGGLE.bit.GPIO44 = 1;
	  }		
	 	  
	GpioDataRegs.GPBTOGGLE.bit.GPIO34 = 1;	   // Turn on/off LD3 on the controlCARD
	//-----------------
	//the next time CpuTimer2 'counter' reaches Period value go to C2
	C_Task_Ptr = &C2;	
	//-----------------

}

//----------------------------------------
void C2(void) //  SPARE
//----------------------------------------
{

	//-----------------
	//the next time CpuTimer2 'counter' reaches Period value go to C3
	C_Task_Ptr = &C3;	
	//-----------------
}


//-----------------------------------------
void C3(void) //  SPARE
//-----------------------------------------
{

	//-----------------
	//the next time CpuTimer2 'counter' reaches Period value go to C1
	C_Task_Ptr = &C1;	
	//-----------------
}




// MainISR 
interrupt void MainISR(void)
{

// Verifying the ISR
    IsrTicker++;
// This buildlevel was made to verify the open-loop and stand-alone speed-loop
#if (BUILDLEVEL==LEVEL0)
    // ------------------------------------------------------------------------------
    //  Connect inputs of the RMP module and call the ramp control macro
    // ------------------------------------------------------------------------------
    if(lsw==0)
    	rc1.TargetValue = 0;
    else
    	{
    	 if (TotalRounds >= DesiredRounds)
    	    {
    	    	rc1.TargetValue = 0;
    	    	rc1.RampDelayMax = 2;

    	    }
    	    else if (TotalRounds >= 0.90*DesiredRounds)
    	    {
    	    	rc1.RampDelayMax = 1;
    	    	rc1.TargetValue = SpeedRef*0.1;
    	    }
    	    else
    	    	rc1.TargetValue = SpeedRef;

    	}
    	RC_MACRO(rc1)

        pi_spd.Ref = rc1.SetpointValue;
        pi_spd.Fbk = speed1.Speed;
        PI_MACRO(pi_spd);

        if(lsw == 1)
        	rg1.Freq = rc1.SetpointValue;
        else if (lsw == 2)
        	rg1.Freq = pi_spd.Out;
    	RG_MACRO(rg1)
    // ------------------------------------------------------------------------------
    //  Measure phase currents, subtract the offset and normalize from (-0.5,+0.5) to (-1,+1).
    //	Connect inputs of the CLARKE module and call the clarke transformation macro
    // ------------------------------------------------------------------------------
    	clarke1.As = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT1)-offsetA); // Phase A curr.
    	clarke1.Bs = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT2)-offsetB); // Phase B curr.
    	CLARKE_MACRO(clarke1)

    // ------------------------------------------------------------------------------
    //  Connect inputs of the PARK module and call the park trans. macro
    // ------------------------------------------------------------------------------
    //	park1.Alpha = clarke1.Alpha;
    	if(lsw==0)
    		park1.Angle = 0;
    	else if(lsw==1)
    		park1.Angle = rg1.Out;
    	else
    		park1.Angle = qep1.ElecTheta;//rg1.Out;//qep1.ElecTheta;

    	park1.Sine = _IQsinPU(park1.Angle);
    	park1.Cosine = _IQcosPU(park1.Angle);
    	PARK_MACRO(park1)

    // ------------------------------------------------------------------------------
    //	Connect inputs of the INV_PARK module and call the inverse park trans. macro
    // ------------------------------------------------------------------------------
        ipark1.Ds = VdTesting;
        ipark1.Qs = VqTesting;
    	ipark1.Sine=park1.Sine;
        ipark1.Cosine=park1.Cosine;
    	IPARK_MACRO(ipark1)

    // ------------------------------------------------------------------------------
    //  Connect inputs of the SVGEN_DQ module and call the space-vector gen. macro
    // ------------------------------------------------------------------------------
      	svgen1.Ualpha = ipark1.Alpha;
     	svgen1.Ubeta  = ipark1.Beta;
    	SVGENDQ_MACRO(svgen1)

    // ------------------------------------------------------------------------------
    //  Connect inputs of the PWM_DRV module and call the PWM signal generation macro
    // ------------------------------------------------------------------------------
        pwm1.MfuncC1 = svgen1.Ta;
        pwm1.MfuncC2 = svgen1.Tb;
        pwm1.MfuncC3 = svgen1.Tc;
    	PWM_MACRO(1,2,3,pwm1)							// Calculate the new PWM compare values

    // ------------------------------------------------------------------------------
    //  Connect inputs of the PWMDAC module
    // ------------------------------------------------------------------------------
    	pwmdac1.MfuncC1 = clarke1.As;
        pwmdac1.MfuncC2 = clarke1.Bs;
        PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B

        pwmdac1.MfuncC1 = svgen1.Tc;
        pwmdac1.MfuncC2 = svgen1.Tb-svgen1.Tc;
    	PWMDAC_MACRO(7,pwmdac1)

        // ------------------------------------------------------------------------------
        //    Detect calibration angle (optional) and call the QEP module
        // ------------------------------------------------------------------------------
        	if (lsw==0) {EQep1Regs.QPOSCNT=0; EQep1Regs.QCLR.bit.IEL = 1;} // Reset position cnt.

        	if ((EQep1Regs.QFLG.bit.IEL==1) && Init_IFlag==0)			   // Check the first index occurrence
        	   {qep1.CalibratedAngle= EQep1Regs.QPOSILAT; Init_IFlag++;}   // Keep the latched position

            if (lsw!=0) QEP_MACRO(1,qep1);

        // ------------------------------------------------------------------------------
        //    Connect inputs of the SPEED_FR module and call the speed calculation macro
        // ------------------------------------------------------------------------------
            speed1.ElecTheta = _IQ24toIQ((int32)qep1.ElecTheta);
            speed1.DirectionQep = (int32)(qep1.DirectionQep);
            SPEED_FR_MACRO(speed1)
#endif // (BUILDLEVEL==LEVEL3)

// =============================== LEVEL 1 ======================================
//	  Level 1 verifies the speed regulator performed by PI module.
//	  The system speed loop is closed by using the measured speed as a feedback.
// ==============================================================================  
//	  lsw=0: lock the rotor of the motor, 
//	  lsw=1: close the current loop, 
//	  lsw=2: close the speed loop (sensored FOC).


#if (BUILDLEVEL==LEVEL1)

// ------------------------------------------------------------------------------
//  Connect inputs of the RMP module and call the ramp control macro
// ------------------------------------------------------------------------------ 
        if(lsw==0)
        {
           	rc1.TargetValue = 0;
           	qep1.Revolutions = 0;
        }
           else
           	{
        	   if (TotalRounds >= 0.60*DesiredRounds && TotalRounds < 0.90*DesiredRounds)
        	    {
        		   rc1.RampDelayMax = 5;
        	    	rc1.TargetValue = SpeedRef*0.2;
        	    }
           	    else if (TotalRounds >= 0.90*DesiredRounds)
           	    {
           	    	rc1.RampDelayMax = 3;
           	    	rc1.TargetValue = SpeedRef*0.1;
           	    }
           	    else
           	    	rc1.TargetValue = SpeedRef;

           	}
	RC_MACRO(rc1)

// ------------------------------------------------------------------------------
//  Connect inputs of the RAMP GEN module and call the ramp generator macro
// ------------------------------------------------------------------------------
    rg1.Freq = rc1.SetpointValue;
	RG_MACRO(rg1)  

// ------------------------------------------------------------------------------
//  Measure phase currents, subtract the offset and normalize from (-0.5,+0.5) to (-1,+1). 
//	Connect inputs of the CLARKE module and call the clarke transformation macro
// ------------------------------------------------------------------------------
	clarke1.As = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT1)-offsetA); // Phase A curr.
	clarke1.Bs = _IQmpy2(_IQ12toIQ(AdcResult.ADCRESULT2)-offsetB); // Phase B curr.	
	CLARKE_MACRO(clarke1) 

// ------------------------------------------------------------------------------
//  Connect inputs of the PARK module and call the park trans. macro
// ------------------------------------------------------------------------------  
	park1.Alpha = clarke1.Alpha;
	park1.Beta = clarke1.Beta;
	
	if(lsw==0)
		park1.Angle = 0;
	else if(lsw==1)
		park1.Angle = rg1.Out;
	else
		park1.Angle = qep1.ElecTheta;//rg1.Out;//qep1.ElecTheta;
	
	park1.Sine = _IQsinPU(park1.Angle);
	park1.Cosine = _IQcosPU(park1.Angle);
	
	PARK_MACRO(park1) 

// ------------------------------------------------------------------------------
//    Connect inputs of the PI module and call the PID speed controller macro
// ------------------------------------------------------------------------------  
   if (SpeedLoopCount==SpeedLoopPrescaler)
     {
      pi_spd.Ref = rc1.SetpointValue;
      pi_spd.Fbk = speed1.Speed;
	  PI_MACRO(pi_spd);
      SpeedLoopCount=1;
     }
	else SpeedLoopCount++;   

	if(lsw!=2)
	{
		pi_spd.ui=0;
		pi_spd.i1=0;
	}

// ------------------------------------------------------------------------------
//    Connect inputs of the PI module and call the PID IQ controller macro
// ------------------------------------------------------------------------------  
	if(lsw==0)
		pi_iq.Ref = 0;
    else if(lsw==1)
    	pi_iq.Ref = IqRef;
    else
    	pi_iq.Ref =  pi_spd.Out;

	pi_iq.Fbk = park1.Qs;
	PI_MACRO(pi_iq) 

// ------------------------------------------------------------------------------
//    Connect inputs of the PI module and call the PID ID controller macro
// ------------------------------------------------------------------------------  
	if(lsw==0) pi_id.Ref = _IQ(0.05);
    else pi_id.Ref = IdRef; 
	pi_id.Fbk = park1.Ds;
	PI_MACRO(pi_id) 

// ------------------------------------------------------------------------------
//  Connect inputs of the INV_PARK module and call the inverse park trans. macro
// ------------------------------------------------------------------------------   
	if (TotalRounds >= DesiredRounds)
	{
	    ipark1.Ds = 0;
	    ipark1.Qs = 0;
	}
	else
	{
    ipark1.Ds = pi_id.Out;
    ipark1.Qs = pi_iq.Out;
	}
	ipark1.Sine=park1.Sine;
    ipark1.Cosine=park1.Cosine;
	IPARK_MACRO(ipark1) 

// ------------------------------------------------------------------------------
//    Detect calibration angle (optional) and call the QEP module 
// ------------------------------------------------------------------------------
	if (lsw==0) {EQep1Regs.QPOSCNT=0; EQep1Regs.QCLR.bit.IEL = 1;} // Reset position cnt.

	if ((EQep1Regs.QFLG.bit.IEL==1) && Init_IFlag==0)			   // Check the first index occurrence
	   {qep1.CalibratedAngle= EQep1Regs.QPOSILAT; Init_IFlag++;}   // Keep the latched position

    if (lsw!=0)
    	QEP_MACRO(1,qep1);
    TotalRounds = qep1.Revolutions/2;
// ------------------------------------------------------------------------------
//    Connect inputs of the SPEED_FR module and call the speed calculation macro 
// ------------------------------------------------------------------------------
    speed1.ElecTheta = _IQ24toIQ((int32)qep1.ElecTheta);
    speed1.DirectionQep = (int32)(qep1.DirectionQep);
    SPEED_FR_MACRO(speed1)

// ------------------------------------------------------------------------------
//  Connect inputs of the SVGEN_DQ module and call the space-vector gen. macro
// ------------------------------------------------------------------------------
  	svgen1.Ualpha = ipark1.Alpha;
 	svgen1.Ubeta  = ipark1.Beta;	
	SVGENDQ_MACRO(svgen1)  
// ------------------------------------------------------------------------------
//  Connect inputs of the PWM_DRV module and call the PWM signal generation macro
// ------------------------------------------------------------------------------
    pwm1.MfuncC1 = svgen1.Ta;  
    pwm1.MfuncC2 = svgen1.Tb;   
    pwm1.MfuncC3 = svgen1.Tc; 
	PWM_MACRO(1,2,3,pwm1)							// Calculate the new PWM compare values	

// ------------------------------------------------------------------------------
//    Connect inputs of the PWMDAC module 
// ------------------------------------------------------------------------------	
	pwmdac1.MfuncC1 = clarke1.As ;
    pwmdac1.MfuncC2 = clarke1.Bs ;
    PWMDAC_MACRO(6,pwmdac1)	  						// PWMDAC 6A, 6B
    
    pwmdac1.MfuncC1 = ipark1.Alpha ;
    pwmdac1.MfuncC2 = ipark1.Beta;
	PWMDAC_MACRO(7,pwmdac1)

#endif // (BUILDLEVEL==LEVEL4) 



// ------------------------------------------------------------------------------
//    Call the DATALOG update function.
// ------------------------------------------------------------------------------
    dlog.update(&dlog);


// Enable more interrupts from this timer
	AdcRegs.ADCINTFLG.bit.ADCINT1=1;

// Acknowledge interrupt to recieve more interrupts from PIE group 3
	PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;


}// MainISR Ends Here



/**********************************************************/
/********************Offset Compensation*******************/  
/**********************************************************/

interrupt void OffsetISR(void)
{
// Verifying the ISR
    IsrTicker++;
    
// DC offset measurement for ADC 

    if (IsrTicker>=5000)
    	{	
    		offsetA= _IQmpy(K1,offsetA)+_IQmpy(K2,_IQ12toIQ(AdcResult.ADCRESULT1)); 		//Phase A offset
    		offsetB= _IQmpy(K1,offsetB)+_IQmpy(K2,_IQ12toIQ(AdcResult.ADCRESULT2));			//Phase B offset
    		offsetC= _IQmpy(K1,offsetC)+_IQmpy(K2,_IQ12toIQ(AdcResult.ADCRESULT3));			//Phase C offset
    	}

	if (IsrTicker > 20000)
	{
		EALLOW;
		PieVectTable.ADCINT1=&MainISR;		
		EDIS;
	}
    
// Enable more interrupts from this timer
	AdcRegs.ADCINTFLG.bit.ADCINT1=1;
	
// Acknowledge interrupt to recieve more interrupts from PIE group 1
	PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;

}

//*************** End of Offset Comp. ********************//


/**********************************************************/
/***************Protection Configuration*******************/  
/**********************************************************/

void HVDMC_Protection(void)
{

// Configure Trip Mechanism for the Motor control software
// -Cycle by cycle trip on CPU halt
// -One shot IPM trip zone trip 
// These trips need to be repeated for EPWM1 ,2 & 3

//===========================================================================
//Motor Control Trip Config, EPwm1,2,3
//===========================================================================
      EALLOW;
// CPU Halt Trip  
      EPwm1Regs.TZSEL.bit.CBC6=0x1;
      EPwm2Regs.TZSEL.bit.CBC6=0x1;
      EPwm3Regs.TZSEL.bit.CBC6=0x1;
      
      
      EPwm1Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT  
      EPwm2Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT      
      EPwm3Regs.TZSEL.bit.OSHT1   = 1;  //enable TZ1 for OSHT

// What do we want the OST/CBC events to do?
// TZA events can force EPWMxA
// TZB events can force EPWMxB

      EPwm1Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm1Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm2Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm2Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      EPwm3Regs.TZCTL.bit.TZA = TZ_FORCE_LO; // EPWMxA will go low 
      EPwm3Regs.TZCTL.bit.TZB = TZ_FORCE_LO; // EPWMxB will go low
      
      
      EDIS;

     // Clear any spurious OV trip
      EPwm1Regs.TZCLR.bit.OST = 1;
      EPwm2Regs.TZCLR.bit.OST = 1;
      EPwm3Regs.TZCLR.bit.OST = 1;  
      
//************************** End of Prot. Conf. ***************************//
}

//===========================================================================
// No more.
//===========================================================================







Appendix A/BLDC_Testing/DLOG4CHC.asm

;==============================================================================
; File name     : DLOG4CHC.ASM                     
;                    
; Originator    : Advanced Embeeded Control (AEC)
;                 Texas Instruments Inc.
;
; Description   : 4-Channel Data logging module
;
; Date          : 02/01/2002 (DD/MM/YYYY)
;==============================================================================
; Routine Name: data_log_update                                
;  
; C prototype : void DLOG_4CH_update(DLOG_4CH_handle);
;               void DLOG_4CH_init(DLOG_4CH_handle);
;
; The struct object is defined in the header file "dlog_4ch.h" as follows:
;
; typedef struct { 
;       long task;           /* Variable: Task address pointer          */
;       int  *iptr1;         /* Input: First input pointer (Q15)        */    
;       int  *iptr2;         /* Input: Second input pointer (Q15)       */        
;       int  *iptr3;         /* Input: Third input pointer (Q15)        */
;       int  *iptr4;         /* Input: Fourth input pointer (Q15)       */ 
;       int  trig_value;     /* Input: Trigger point (Q15)              */           
;       int  prescalar;      /* Parameter: Data log prescale            */
;       int  skip_cntr;      /* Variable: Data log skip counter         */                 
;       int  cntr;           /* Variable: Data log counter              */
;       long write_ptr;      /* Variable: Graph address pointer         */
;       int  size;           /* Parameter: Maximum data DLOG_4CH_buffer */
;       int  (*init)();      /* Pointer to init function                */
;       int  (*update)();    /* Pointer to update function              */ 
;       } DLOG_4CH;                            

;==============================================================================

; External Reference
                .def  _DLOG_4CH_update 
                .def  _DLOG_4CH_init

; Data log buffer definition
BUFF_SIZE       .set  0190h
                
DLOG_4CH_buff1      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff2      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff3      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff4      .usect "DLOG", BUFF_SIZE
                

;==============================================================================
; Initialization Function
;==============================================================================

_DLOG_4CH_init:                                     
        MOVL    XAR5,#POS_TRIG_S1
        MOVL    *XAR4,XAR5          ; task=#POS_TRIG_S1 
        ADDB    XAR4,#10            ; XAR4->trig_value
        
        MOV     *+XAR4[2],#0

        MOVL    XAR5,#DLOG_4CH_buff1
        MOVL    *+XAR4[4],XAR5      ; write_ptr=DLOG_4CH_buff1
               
        
        MOV     AL,*+XAR4[6]        ; ACC=size
        MOV     *+XAR4[3],AL        ; cntr=size
        LRETR
            
;==============================================================================
; Datalog Update Function
;==============================================================================

_DLOG_4CH_update:   
        SETC    SXM
        MOVL    XAR5,XAR4           ; XAR4->task
        MOVL    XAR7,*XAR4++        ; XAR4->iptr1, XAR7=task            
        ADDB    XAR5,#10            ; XAR5->trig_value
        LB      *XAR7               ; Branch to TASK    
        
POS_TRIG_S1:
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,LEQ         ; Exit if ACC <= 0 
                                         
        MOVL    XAR6,#POS_TRIG_S2   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
POS_TRIG_S2:                    
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,GEQ         ; Exit if ACC >= 0 
                                                    
        MOVL    XAR6,#DL_TRIGGERED   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
DL_TRIGGERED:                                   
        INC     *+XAR5[2]           ; skip_cntr=skip_cntr+1
        MOV     ACC,*+XAR5[2]       ; ACC=skip_cntr
        SUB     ACC,*+XAR5[1]       ; ACC=skip_cntr-prescalar
        SBF     DL_EXIT,NEQ         ; if (skip_cntr+1) < prescalar, then exit
        
        MOV     *+XAR5[2],#0        ; skip_cntr=0   
        MOV     ACC,*+XAR5[3]       ; ACC=cntr
        SBF     DLOG_END,EQ 
                        
        DEC     *+XAR5[3]           ; cntr=cntr-1
        ADDB    XAR5,#4             ; XAR5->write_ptr

        MOVL    XAR6,*XAR5          ; XAR6=write_ptr
        ADDB    XAR6,#1             ; XAR6=write_ptr+1
        MOVL    *XAR5,XAR6          ; write_ptr=write_ptr + 1
        SUBB    XAR6,#1             ; XAR6=write_ptr

        MOV     AR0,#BUFF_SIZE      ; AR0=BUFF_SIZE 
        
                                
; Log sample pointed by IPTR1       
        MOVL    XAR7,*XAR4++        ; XAR7=iptr1
        MOV     AL,*XAR7            ; AL=*iptr1
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr1, XAR6=write_ptr+size

; Log sample pointed by IPTR2           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr2
        MOV     AL,*XAR7            ; AL=*iptr2
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr2, XAR6=write_ptr+size

; Log sample pointed by IPTR3                           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr3
        MOV     AL,*XAR7            ; AL=*iptr3
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr3, XAR6=write_ptr+size

; Log sample pointed by IPTR4                   
        MOVL    XAR7,*XAR4++        ; XAR7=iptr4
        MOV     AL,*XAR7            ; AL=*iptr4
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr4, XAR6=write_ptr+size
        LRETR

; Reinitialise the module to log the data when the logging is triggered next
        
DLOG_END: 

        MOVL    XAR6,#DLOG_4CH_buff1
        MOVL    *+XAR5[4],XAR6      ; write_ptr=DLOG_4CH_buff1
               
        MOVL    XAR6,#POS_TRIG_S1   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2

        MOV     AL,*+XAR5[6]        ; ACC=size
        MOV     *+XAR5[3],AL        ; cntr=size
      
DL_EXIT:        
        LRETR   








Appendix A/HVPM_Sensored/DLOG4CHC.asm

;==============================================================================
; File name     : DLOG4CHC.ASM                     
;                    
; Originator    : Advanced Embeeded Control (AEC)
;                 Texas Instruments Inc.
;
; Description   : 4-Channel Data logging module
;
; Date          : 02/01/2002 (DD/MM/YYYY)
;==============================================================================
; Routine Name: data_log_update                                
;  
; C prototype : void DLOG_4CH_update(DLOG_4CH_handle);
;               void DLOG_4CH_init(DLOG_4CH_handle);
;
; The struct object is defined in the header file "dlog_4ch.h" as follows:
;
; typedef struct { 
;       long task;           /* Variable: Task address pointer          */
;       int  *iptr1;         /* Input: First input pointer (Q15)        */    
;       int  *iptr2;         /* Input: Second input pointer (Q15)       */        
;       int  *iptr3;         /* Input: Third input pointer (Q15)        */
;       int  *iptr4;         /* Input: Fourth input pointer (Q15)       */ 
;       int  trig_value;     /* Input: Trigger point (Q15)              */           
;       int  prescalar;      /* Parameter: Data log prescale            */
;       int  skip_cntr;      /* Variable: Data log skip counter         */                 
;       int  cntr;           /* Variable: Data log counter              */
;       long write_ptr;      /* Variable: Graph address pointer         */
;       int  size;           /* Parameter: Maximum data DLOG_4CH_buffer */
;       int  (*init)();      /* Pointer to init function                */
;       int  (*update)();    /* Pointer to update function              */ 
;       } DLOG_4CH;                            

;==============================================================================

; External Reference
                .def  _DLOG_4CH_update 
                .def  _DLOG_4CH_init

; Data log buffer definition
BUFF_SIZE       .set  0C8h
                
DLOG_4CH_buff1      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff2      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff3      .usect "DLOG", BUFF_SIZE
DLOG_4CH_buff4      .usect "DLOG", BUFF_SIZE
                

;==============================================================================
; Initialization Function
;==============================================================================

_DLOG_4CH_init:                                     
        MOVL    XAR5,#POS_TRIG_S1
        MOVL    *XAR4,XAR5          ; task=#POS_TRIG_S1 
        ADDB    XAR4,#10            ; XAR4->trig_value
        
        MOV     *+XAR4[2],#0

        MOVL    XAR5,#DLOG_4CH_buff1
        MOVL    *+XAR4[4],XAR5      ; write_ptr=DLOG_4CH_buff1
               
        
        MOV     AL,*+XAR4[6]        ; ACC=size
        MOV     *+XAR4[3],AL        ; cntr=size
        LRETR
            
;==============================================================================
; Datalog Update Function
;==============================================================================

_DLOG_4CH_update:   
        SETC    SXM
        MOVL    XAR5,XAR4           ; XAR4->task
        MOVL    XAR7,*XAR4++        ; XAR4->iptr1, XAR7=task            
        ADDB    XAR5,#10            ; XAR5->trig_value
        LB      *XAR7               ; Branch to TASK    
        
POS_TRIG_S1:
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,LEQ         ; Exit if ACC <= 0 
                                         
        MOVL    XAR6,#POS_TRIG_S2   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
POS_TRIG_S2:                    
        MOV     ACC,*XAR5           ; ACC=trig_value
        MOVL    XAR6,*XAR4          ; XAR6=iptr1
        SUB     ACC,*XAR6           ; ACC=(trig_value - *iptr1)
        BF      DL_EXIT,GEQ         ; Exit if ACC >= 0 
                                                    
        MOVL    XAR6,#DL_TRIGGERED   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2
        LRETR
                
DL_TRIGGERED:                                   
        INC     *+XAR5[2]           ; skip_cntr=skip_cntr+1
        MOV     ACC,*+XAR5[2]       ; ACC=skip_cntr
        SUB     ACC,*+XAR5[1]       ; ACC=skip_cntr-prescalar
        SBF     DL_EXIT,NEQ         ; if (skip_cntr+1) < prescalar, then exit
        
        MOV     *+XAR5[2],#0        ; skip_cntr=0   
        MOV     ACC,*+XAR5[3]       ; ACC=cntr
        SBF     DLOG_END,EQ 
                        
        DEC     *+XAR5[3]           ; cntr=cntr-1
        ADDB    XAR5,#4             ; XAR5->write_ptr

        MOVL    XAR6,*XAR5          ; XAR6=write_ptr
        ADDB    XAR6,#1             ; XAR6=write_ptr+1
        MOVL    *XAR5,XAR6          ; write_ptr=write_ptr + 1
        SUBB    XAR6,#1             ; XAR6=write_ptr

        MOV     AR0,#BUFF_SIZE      ; AR0=BUFF_SIZE 
        
                                
; Log sample pointed by IPTR1       
        MOVL    XAR7,*XAR4++        ; XAR7=iptr1
        MOV     AL,*XAR7            ; AL=*iptr1
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr1, XAR6=write_ptr+size

; Log sample pointed by IPTR2           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr2
        MOV     AL,*XAR7            ; AL=*iptr2
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr2, XAR6=write_ptr+size

; Log sample pointed by IPTR3                           
        MOVL    XAR7,*XAR4++        ; XAR7=iptr3
        MOV     AL,*XAR7            ; AL=*iptr3
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr3, XAR6=write_ptr+size

; Log sample pointed by IPTR4                   
        MOVL    XAR7,*XAR4++        ; XAR7=iptr4
        MOV     AL,*XAR7            ; AL=*iptr4
        NOP     *,ARP6
        MOV     *0++,AL             ; *write_ptr=*iptr4, XAR6=write_ptr+size
        LRETR

; Reinitialise the module to log the data when the logging is triggered next
        
DLOG_END: 

        MOVL    XAR6,#DLOG_4CH_buff1
        MOVL    *+XAR5[4],XAR6      ; write_ptr=DLOG_4CH_buff1
               
        MOVL    XAR6,#POS_TRIG_S1   
        MOVL    *--XAR4,XAR6        ; task=POS_TRIG_S2

        MOV     AL,*+XAR5[6]        ; ACC=size
        MOV     *+XAR5[3],AL        ; cntr=size
      
DL_EXIT:        
        LRETR   








Appendix A/BLDC_Testing/DSP2803x_CodeStartBranch.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:00:42 $
;//###########################################################################
;//
;// FILE:  DSP2803x_CodeStartBranch.asm	
;//
;// TITLE: Branch for redirecting code execution after boot. 
;//
;// For these examples, code_start is the first code that is executed after
;// exiting the boot ROM code. 
;//
;// The codestart section in the linker cmd file is used to physically place
;// this code at the correct memory location.  This section should be placed 
;// at the location the BOOT ROM will re-direct the code to.  For example, 
;// for boot to FLASH this code will be located at 0x3f7ff6. 
;//
;// In addition, the example DSP2803x projects are setup such that the codegen
;// entry point is also set to the code_start label.  This is done by linker 
;// option -e in the project build options.  When the debugger loads the code,
;// it will automatically set the PC to the "entry point" address indicated by
;// the -e linker option.  In this case the debugger is simply assigning the PC, 
;// it is not the same as a full reset of the device. 
;// 
;// The compiler may warn that the entry point for the project is other then
;//  _c_init00.  _c_init00 is the C environment setup and is run before 
;// main() is entered. The code_start code will re-direct the execution 
;// to _c_init00 and thus there is no worry and this warning can be ignored. 
;// 
;//###########################################################################
;// $TI Release: 2803x C/C++ Header Files V1.21 $
;// $Release Date: December 1, 2009 $
;//###########################################################################

***********************************************************************

WD_DISABLE	.set	1		;set to 1 to disable WD, else set to 0

    .ref _c_int00
    .global code_start

***********************************************************************
* Function: codestart section
*
* Description: Branch to code starting point
***********************************************************************

    .sect "codestart"

code_start:
    .if WD_DISABLE == 1
        LB wd_disable       ;Branch to watchdog disable code
    .else
        LB _c_int00         ;Branch to start of boot.asm in RTS library
    .endif

;end codestart section

***********************************************************************
* Function: wd_disable
*
* Description: Disables the watchdog timer
***********************************************************************
    .if WD_DISABLE == 1

    .text
wd_disable:
    SETC OBJMODE        ;Set OBJMODE for 28x object code
    EALLOW              ;Enable EALLOW protected register access
    MOVZ DP, #7029h>>6  ;Set data page for WDCR register
    MOV @7029h, #0068h  ;Set WDDIS bit in WDCR to disable WD
    EDIS                ;Disable EALLOW protected register access
    LB _c_int00         ;Branch to start of boot.asm in RTS library

    .endif

;end wd_disable

	.end
	
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/HVPM_Sensored/DSP2803x_CodeStartBranch.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:00:42 $
;//###########################################################################
;//
;// FILE:  DSP2803x_CodeStartBranch.asm	
;//
;// TITLE: Branch for redirecting code execution after boot. 
;//
;// For these examples, code_start is the first code that is executed after
;// exiting the boot ROM code. 
;//
;// The codestart section in the linker cmd file is used to physically place
;// this code at the correct memory location.  This section should be placed 
;// at the location the BOOT ROM will re-direct the code to.  For example, 
;// for boot to FLASH this code will be located at 0x3f7ff6. 
;//
;// In addition, the example DSP2803x projects are setup such that the codegen
;// entry point is also set to the code_start label.  This is done by linker 
;// option -e in the project build options.  When the debugger loads the code,
;// it will automatically set the PC to the "entry point" address indicated by
;// the -e linker option.  In this case the debugger is simply assigning the PC, 
;// it is not the same as a full reset of the device. 
;// 
;// The compiler may warn that the entry point for the project is other then
;//  _c_init00.  _c_init00 is the C environment setup and is run before 
;// main() is entered. The code_start code will re-direct the execution 
;// to _c_init00 and thus there is no worry and this warning can be ignored. 
;// 
;//###########################################################################
;// $TI Release: 2803x C/C++ Header Files V1.21 $
;// $Release Date: December 1, 2009 $
;//###########################################################################

***********************************************************************

WD_DISABLE	.set	1		;set to 1 to disable WD, else set to 0

    .ref _c_int00
    .global code_start

***********************************************************************
* Function: codestart section
*
* Description: Branch to code starting point
***********************************************************************

    .sect "codestart"

code_start:
    .if WD_DISABLE == 1
        LB wd_disable       ;Branch to watchdog disable code
    .else
        LB _c_int00         ;Branch to start of boot.asm in RTS library
    .endif

;end codestart section

***********************************************************************
* Function: wd_disable
*
* Description: Disables the watchdog timer
***********************************************************************
    .if WD_DISABLE == 1

    .text
wd_disable:
    SETC OBJMODE        ;Set OBJMODE for 28x object code
    EALLOW              ;Enable EALLOW protected register access
    MOVZ DP, #7029h>>6  ;Set data page for WDCR register
    MOV @7029h, #0068h  ;Set WDDIS bit in WDCR to disable WD
    EDIS                ;Disable EALLOW protected register access
    LB _c_int00         ;Branch to start of boot.asm in RTS library

    .endif

;end wd_disable

	.end
	
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/BLDC_Testing/DSP2803x_usDelay.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:01:17 $
;//###########################################################################
;//
;// FILE:  DSP2803x_usDelay.asm
;//
;// TITLE: Simple delay function
;//
;// DESCRIPTION:
;//  
;// This is a simple delay function that can be used to insert a specified
;// delay into code.  
;// 
;// This function is only accurate if executed from internal zero-waitstate
;// SARAM. If it is executed from waitstate memory then the delay will be
;// longer then specified. 
;// 
;// To use this function:
;//
;//  1 - update the CPU clock speed in the DSP2803x_Examples.h
;//    file. For example:
;//    #define CPU_RATE 16.667L // for a 60MHz CPU clock speed
;//
;//  2 - Call this function by using the DELAY_US(A) macro
;//    that is defined in the DSP2803x_Device.h file.  This macro
;//    will convert the number of microseconds specified
;//    into a loop count for use with this function.  
;//    This count will be based on the CPU frequency you specify.
;//
;//  3 - For the most accurate delay 
;//    - Execute this function in 0 waitstate RAM.  
;//    - Disable interrupts before calling the function
;//      If you do not disable interrupts, then think of
;//      this as an "at least" delay function as the actual
;//      delay may be longer. 
;//
;//  The C assembly call from the DELAY_US(time) macro will
;//  look as follows: 
;//
;//  extern void Delay(long LoopCount);                
;//
;//        MOV   AL,#LowLoopCount
;//        MOV   AH,#HighLoopCount
;//        LCR   _Delay
;//
;//  Or as follows (if count is less then 16-bits):
;//
;//        MOV   ACC,#LoopCount
;//        LCR   _Delay
;//
;//
;//###########################################################################
;// $TI Release: 2803x Header Files V1.01 $
;// $Release Date: April 30, 2009 $
;//###########################################################################	

       .def _DSP28x_usDelay
       .sect "ramfuncs"

        .global  __DSP28x_usDelay
_DSP28x_usDelay:
        SUB    ACC,#1
        BF     _DSP28x_usDelay,GEQ    ;; Loop if ACC >= 0
        LRETR 

;There is a 9/10 cycle overhead and each loop
;takes five cycles. The LoopCount is given by
;the following formula:
;  DELAY_CPU_CYCLES = 9 + 5*LoopCount
; LoopCount = (DELAY_CPU_CYCLES - 9) / 5
; The macro DELAY_US(A) performs this calculation for you
;
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/HVPM_Sensored/DSP2803x_usDelay.asm

;// TI File $Revision: /main/1 $
;// Checkin $Date: December 5, 2008   18:01:17 $
;//###########################################################################
;//
;// FILE:  DSP2803x_usDelay.asm
;//
;// TITLE: Simple delay function
;//
;// DESCRIPTION:
;//  
;// This is a simple delay function that can be used to insert a specified
;// delay into code.  
;// 
;// This function is only accurate if executed from internal zero-waitstate
;// SARAM. If it is executed from waitstate memory then the delay will be
;// longer then specified. 
;// 
;// To use this function:
;//
;//  1 - update the CPU clock speed in the DSP2803x_Examples.h
;//    file. For example:
;//    #define CPU_RATE 16.667L // for a 60MHz CPU clock speed
;//
;//  2 - Call this function by using the DELAY_US(A) macro
;//    that is defined in the DSP2803x_Device.h file.  This macro
;//    will convert the number of microseconds specified
;//    into a loop count for use with this function.  
;//    This count will be based on the CPU frequency you specify.
;//
;//  3 - For the most accurate delay 
;//    - Execute this function in 0 waitstate RAM.  
;//    - Disable interrupts before calling the function
;//      If you do not disable interrupts, then think of
;//      this as an "at least" delay function as the actual
;//      delay may be longer. 
;//
;//  The C assembly call from the DELAY_US(time) macro will
;//  look as follows: 
;//
;//  extern void Delay(long LoopCount);                
;//
;//        MOV   AL,#LowLoopCount
;//        MOV   AH,#HighLoopCount
;//        LCR   _Delay
;//
;//  Or as follows (if count is less then 16-bits):
;//
;//        MOV   ACC,#LoopCount
;//        LCR   _Delay
;//
;//
;//###########################################################################
;// $TI Release: 2803x Header Files V1.01 $
;// $Release Date: April 30, 2009 $
;//###########################################################################	

       .def _DSP28x_usDelay
       .sect "ramfuncs"

        .global  __DSP28x_usDelay
_DSP28x_usDelay:
        SUB    ACC,#1
        BF     _DSP28x_usDelay,GEQ    ;; Loop if ACC >= 0
        LRETR 

;There is a 9/10 cycle overhead and each loop
;takes five cycles. The LoopCount is given by
;the following formula:
;  DELAY_CPU_CYCLES = 9 + 5*LoopCount
; LoopCount = (DELAY_CPU_CYCLES - 9) / 5
; The macro DELAY_US(A) performs this calculation for you
;
;//===========================================================================
;// End of file.
;//===========================================================================







Appendix A/BLDC_Testing/DSP2803x_Headers_nonBIOS.cmd

/*
// TI File $Revision: /main/3 $
// Checkin $Date: November 10, 2009   14:05:22 $
//###########################################################################
//
// FILE:    DSP2803x_Headers_nonBIOS.cmd
//
// TITLE:   DSP2803x Peripheral registers linker command file
//
// DESCRIPTION:
//
//          This file is for use in Non-BIOS applications.
//
//          Linker command file to place the peripheral structures
//          used within the DSP2803x headerfiles into the correct memory
//          mapped locations.
//
//          This version of the file includes the PieVectorTable structure.
//          For BIOS applications, please use the DSP2803x_Headers_BIOS.cmd file
//          which does not include the PieVectorTable structure.
//
//###########################################################################
// $TI Release: 2803x C/C++ Header Files V1.21 $
// $Release Date: December 1, 2009 $
//###########################################################################
*/

MEMORY
{
 PAGE 0:    /* Program Memory */

 PAGE 1:    /* Data Memory */

   DEV_EMU     : origin = 0x000880, length = 0x000105     /* device emulation registers */
	 SYS_PWR_CTL : origin = 0x000985, length = 0x000003     /* System power control registers */
   FLASH_REGS  : origin = 0x000A80, length = 0x000060     /* FLASH registers */
   CSM         : origin = 0x000AE0, length = 0x000010     /* code security module registers */

   ADC_RESULT  : origin = 0x000B00, length = 0x000020     /* ADC Results register mirror */

   CPU_TIMER0  : origin = 0x000C00, length = 0x000008     /* CPU Timer0 registers */
   CPU_TIMER1  : origin = 0x000C08, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/
   CPU_TIMER2  : origin = 0x000C10, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/

   PIE_CTRL    : origin = 0x000CE0, length = 0x000020     /* PIE control registers */
   PIE_VECT    : origin = 0x000D00, length = 0x000100     /* PIE Vector Table */

   CLA1        : origin = 0x001400, length = 0x000080     /* CLA registers */

   ECANA       : origin = 0x006000, length = 0x000040     /* eCAN-A control and status registers */
   ECANA_LAM   : origin = 0x006040, length = 0x000040     /* eCAN-A local acceptance masks */
   ECANA_MOTS  : origin = 0x006080, length = 0x000040     /* eCAN-A message object time stamps */
   ECANA_MOTO  : origin = 0x0060C0, length = 0x000040     /* eCAN-A object time-out registers */
   ECANA_MBOX  : origin = 0x006100, length = 0x000100     /* eCAN-A mailboxes */

   COMP1       : origin = 0x006400, length = 0x000020     /* Comparator + DAC 1 registers */
   COMP2       : origin = 0x006420, length = 0x000020     /* Comparator + DAC 2 registers */
   COMP3       : origin = 0x006440, length = 0x000020     /* Comparator + DAC 3 registers */

   EPWM1       : origin = 0x006800, length = 0x000040     /* Enhanced PWM 1 registers */
   EPWM2       : origin = 0x006840, length = 0x000040     /* Enhanced PWM 2 registers */
   EPWM3       : origin = 0x006880, length = 0x000040     /* Enhanced PWM 3 registers */
   EPWM4       : origin = 0x0068C0, length = 0x000040     /* Enhanced PWM 4 registers */
   EPWM5       : origin = 0x006900, length = 0x000040     /* Enhanced PWM 5 registers */
   EPWM6       : origin = 0x006940, length = 0x000040     /* Enhanced PWM 6 registers */
   EPWM7       : origin = 0x006980, length = 0x000040     /* Enhanced PWM 7 registers */

   ECAP1       : origin = 0x006A00, length = 0x000020     /* Enhanced Capture 1 registers */

   EQEP1       : origin = 0x006B00, length = 0x000040     /* Enhanced QEP 1 registers */

   LINA        : origin = 0x006C00, length = 0x000080     /* LIN-A registers */

   GPIOCTRL    : origin = 0x006F80, length = 0x000040     /* GPIO control registers */
   GPIODAT     : origin = 0x006FC0, length = 0x000020     /* GPIO data registers */
   GPIOINT     : origin = 0x006FE0, length = 0x000020     /* GPIO interrupt/LPM registers */

   SYSTEM      : origin = 0x007010, length = 0x000020     /* System control registers */

   SPIA        : origin = 0x007040, length = 0x000010     /* SPI-A registers */
   SPIB        : origin = 0x007740, length = 0x000010     /* SPI-B registers */

   SCIA        : origin = 0x007050, length = 0x000010     /* SCI-A registers */

   NMIINTRUPT  : origin = 0x007060, length = 0x000010     /* NMI Watchdog Interrupt Registers */
   XINTRUPT    : origin = 0x007070, length = 0x000010     /* external interrupt registers */

   ADC         : origin = 0x007100, length = 0x000080     /* ADC registers */

   I2CA        : origin = 0x007900, length = 0x000040     /* I2C-A registers */

   PARTID      : origin = 0x3D7E80, length = 0x000001     /* Part ID register location */

   CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations. */

}


SECTIONS
{
/*** PIE Vect Table and Boot ROM Variables Structures ***/
  UNION run = PIE_VECT, PAGE = 1
   {
      PieVectTableFile
      GROUP
      {
         EmuKeyVar
         EmuBModeVar
         FlashCallbackVar
         FlashScalingVar
      }
   }

/*** Peripheral Frame 0 Register Structures ***/
   DevEmuRegsFile    : > DEV_EMU,     PAGE = 1
	 SysPwrCtrlRegsFile: > SYS_PWR_CTL, PAGE = 1
   FlashRegsFile     : > FLASH_REGS,  PAGE = 1
   CsmRegsFile       : > CSM,         PAGE = 1
   AdcResultFile     : > ADC_RESULT,  PAGE = 1
   CpuTimer0RegsFile : > CPU_TIMER0,  PAGE = 1
   CpuTimer1RegsFile : > CPU_TIMER1,  PAGE = 1
   CpuTimer2RegsFile : > CPU_TIMER2,  PAGE = 1
   PieCtrlRegsFile   : > PIE_CTRL,    PAGE = 1
   Cla1RegsFile      : > CLA1,        PAGE = 1

/*** Peripheral Frame 1 Register Structures ***/
   ECanaRegsFile     : > ECANA,       PAGE = 1
   ECanaLAMRegsFile  : > ECANA_LAM,   PAGE = 1
   ECanaMboxesFile   : > ECANA_MBOX,  PAGE = 1
   ECanaMOTSRegsFile : > ECANA_MOTS,  PAGE = 1
   ECanaMOTORegsFile : > ECANA_MOTO,  PAGE = 1
   ECap1RegsFile     : > ECAP1,       PAGE = 1
   EQep1RegsFile     : > EQEP1,       PAGE = 1
   LinaRegsFile	     : > LINA,        PAGE = 1
   GpioCtrlRegsFile  : > GPIOCTRL,    PAGE = 1
   GpioDataRegsFile  : > GPIODAT,     PAGE = 1
   GpioIntRegsFile   : > GPIOINT,     PAGE = 1

/*** Peripheral Frame 2 Register Structures ***/
   SysCtrlRegsFile   : > SYSTEM,      PAGE = 1
   SpiaRegsFile      : > SPIA,        PAGE = 1
   SpibRegsFile      : > SPIB,        PAGE = 1
   SciaRegsFile      : > SCIA,        PAGE = 1
   NmiIntruptRegsFile: > NMIINTRUPT,  PAGE = 1
   XIntruptRegsFile  : > XINTRUPT,    PAGE = 1
   AdcRegsFile       : > ADC,         PAGE = 1
   I2caRegsFile      : > I2CA,        PAGE = 1

/*** Peripheral Frame 3 Register Structures ***/
   Comp1RegsFile     : > COMP1,    PAGE = 1
   Comp2RegsFile     : > COMP2,    PAGE = 1
   Comp3RegsFile     : > COMP3,    PAGE = 1
   EPwm1RegsFile     : > EPWM1,    PAGE = 1
   EPwm2RegsFile     : > EPWM2,    PAGE = 1
   EPwm3RegsFile     : > EPWM3,    PAGE = 1
   EPwm4RegsFile     : > EPWM4,    PAGE = 1
   EPwm5RegsFile     : > EPWM5,    PAGE = 1
   EPwm6RegsFile     : > EPWM6,    PAGE = 1
   EPwm7RegsFile     : > EPWM7,    PAGE = 1

/*** Code Security Module Register Structures ***/
   CsmPwlFile        : > CSM_PWL,  PAGE = 1

/*** Device Part ID Register Structures ***/
   PartIdRegsFile    : > PARTID,   PAGE = 1

}

/*
//===========================================================================
// End of file.
//===========================================================================
*/







Appendix A/HVPM_Sensored/DSP2803x_Headers_nonBIOS.cmd

/*
// TI File $Revision: /main/3 $
// Checkin $Date: November 10, 2009   14:05:22 $
//###########################################################################
//
// FILE:    DSP2803x_Headers_nonBIOS.cmd
//
// TITLE:   DSP2803x Peripheral registers linker command file
//
// DESCRIPTION:
//
//          This file is for use in Non-BIOS applications.
//
//          Linker command file to place the peripheral structures
//          used within the DSP2803x headerfiles into the correct memory
//          mapped locations.
//
//          This version of the file includes the PieVectorTable structure.
//          For BIOS applications, please use the DSP2803x_Headers_BIOS.cmd file
//          which does not include the PieVectorTable structure.
//
//###########################################################################
// $TI Release: 2803x C/C++ Header Files V1.21 $
// $Release Date: December 1, 2009 $
//###########################################################################
*/

MEMORY
{
 PAGE 0:    /* Program Memory */

 PAGE 1:    /* Data Memory */

   DEV_EMU     : origin = 0x000880, length = 0x000105     /* device emulation registers */
	 SYS_PWR_CTL : origin = 0x000985, length = 0x000003     /* System power control registers */
   FLASH_REGS  : origin = 0x000A80, length = 0x000060     /* FLASH registers */
   CSM         : origin = 0x000AE0, length = 0x000010     /* code security module registers */

   ADC_RESULT  : origin = 0x000B00, length = 0x000020     /* ADC Results register mirror */

   CPU_TIMER0  : origin = 0x000C00, length = 0x000008     /* CPU Timer0 registers */
   CPU_TIMER1  : origin = 0x000C08, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/
   CPU_TIMER2  : origin = 0x000C10, length = 0x000008     /* CPU Timer0 registers (CPU Timer1 & Timer2 reserved TI use)*/

   PIE_CTRL    : origin = 0x000CE0, length = 0x000020     /* PIE control registers */
   PIE_VECT    : origin = 0x000D00, length = 0x000100     /* PIE Vector Table */

   CLA1        : origin = 0x001400, length = 0x000080     /* CLA registers */

   ECANA       : origin = 0x006000, length = 0x000040     /* eCAN-A control and status registers */
   ECANA_LAM   : origin = 0x006040, length = 0x000040     /* eCAN-A local acceptance masks */
   ECANA_MOTS  : origin = 0x006080, length = 0x000040     /* eCAN-A message object time stamps */
   ECANA_MOTO  : origin = 0x0060C0, length = 0x000040     /* eCAN-A object time-out registers */
   ECANA_MBOX  : origin = 0x006100, length = 0x000100     /* eCAN-A mailboxes */

   COMP1       : origin = 0x006400, length = 0x000020     /* Comparator + DAC 1 registers */
   COMP2       : origin = 0x006420, length = 0x000020     /* Comparator + DAC 2 registers */
   COMP3       : origin = 0x006440, length = 0x000020     /* Comparator + DAC 3 registers */

   EPWM1       : origin = 0x006800, length = 0x000040     /* Enhanced PWM 1 registers */
   EPWM2       : origin = 0x006840, length = 0x000040     /* Enhanced PWM 2 registers */
   EPWM3       : origin = 0x006880, length = 0x000040     /* Enhanced PWM 3 registers */
   EPWM4       : origin = 0x0068C0, length = 0x000040     /* Enhanced PWM 4 registers */
   EPWM5       : origin = 0x006900, length = 0x000040     /* Enhanced PWM 5 registers */
   EPWM6       : origin = 0x006940, length = 0x000040     /* Enhanced PWM 6 registers */
   EPWM7       : origin = 0x006980, length = 0x000040     /* Enhanced PWM 7 registers */

   ECAP1       : origin = 0x006A00, length = 0x000020     /* Enhanced Capture 1 registers */

   EQEP1       : origin = 0x006B00, length = 0x000040     /* Enhanced QEP 1 registers */

   LINA        : origin = 0x006C00, length = 0x000080     /* LIN-A registers */

   GPIOCTRL    : origin = 0x006F80, length = 0x000040     /* GPIO control registers */
   GPIODAT     : origin = 0x006FC0, length = 0x000020     /* GPIO data registers */
   GPIOINT     : origin = 0x006FE0, length = 0x000020     /* GPIO interrupt/LPM registers */

   SYSTEM      : origin = 0x007010, length = 0x000020     /* System control registers */

   SPIA        : origin = 0x007040, length = 0x000010     /* SPI-A registers */
   SPIB        : origin = 0x007740, length = 0x000010     /* SPI-B registers */

   SCIA        : origin = 0x007050, length = 0x000010     /* SCI-A registers */

   NMIINTRUPT  : origin = 0x007060, length = 0x000010     /* NMI Watchdog Interrupt Registers */
   XINTRUPT    : origin = 0x007070, length = 0x000010     /* external interrupt registers */

   ADC         : origin = 0x007100, length = 0x000080     /* ADC registers */

   I2CA        : origin = 0x007900, length = 0x000040     /* I2C-A registers */

   PARTID      : origin = 0x3D7E80, length = 0x000001     /* Part ID register location */

   CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations. */

}


SECTIONS
{
/*** PIE Vect Table and Boot ROM Variables Structures ***/
  UNION run = PIE_VECT, PAGE = 1
   {
      PieVectTableFile
      GROUP
      {
         EmuKeyVar
         EmuBModeVar
         FlashCallbackVar
         FlashScalingVar
      }
   }

/*** Peripheral Frame 0 Register Structures ***/
   DevEmuRegsFile    : > DEV_EMU,     PAGE = 1
	 SysPwrCtrlRegsFile: > SYS_PWR_CTL, PAGE = 1
   FlashRegsFile     : > FLASH_REGS,  PAGE = 1
   CsmRegsFile       : > CSM,         PAGE = 1
   AdcResultFile     : > ADC_RESULT,  PAGE = 1
   CpuTimer0RegsFile : > CPU_TIMER0,  PAGE = 1
   CpuTimer1RegsFile : > CPU_TIMER1,  PAGE = 1
   CpuTimer2RegsFile : > CPU_TIMER2,  PAGE = 1
   PieCtrlRegsFile   : > PIE_CTRL,    PAGE = 1
   Cla1RegsFile      : > CLA1,        PAGE = 1

/*** Peripheral Frame 1 Register Structures ***/
   ECanaRegsFile     : > ECANA,       PAGE = 1
   ECanaLAMRegsFile  : > ECANA_LAM,   PAGE = 1
   ECanaMboxesFile   : > ECANA_MBOX,  PAGE = 1
   ECanaMOTSRegsFile : > ECANA_MOTS,  PAGE = 1
   ECanaMOTORegsFile : > ECANA_MOTO,  PAGE = 1
   ECap1RegsFile     : > ECAP1,       PAGE = 1
   EQep1RegsFile     : > EQEP1,       PAGE = 1
   LinaRegsFile	     : > LINA,        PAGE = 1
   GpioCtrlRegsFile  : > GPIOCTRL,    PAGE = 1
   GpioDataRegsFile  : > GPIODAT,     PAGE = 1
   GpioIntRegsFile   : > GPIOINT,     PAGE = 1

/*** Peripheral Frame 2 Register Structures ***/
   SysCtrlRegsFile   : > SYSTEM,      PAGE = 1
   SpiaRegsFile      : > SPIA,        PAGE = 1
   SpibRegsFile      : > SPIB,        PAGE = 1
   SciaRegsFile      : > SCIA,        PAGE = 1
   NmiIntruptRegsFile: > NMIINTRUPT,  PAGE = 1
   XIntruptRegsFile  : > XINTRUPT,    PAGE = 1
   AdcRegsFile       : > ADC,         PAGE = 1
   I2caRegsFile      : > I2CA,        PAGE = 1

/*** Peripheral Frame 3 Register Structures ***/
   Comp1RegsFile     : > COMP1,    PAGE = 1
   Comp2RegsFile     : > COMP2,    PAGE = 1
   Comp3RegsFile     : > COMP3,    PAGE = 1
   EPwm1RegsFile     : > EPWM1,    PAGE = 1
   EPwm2RegsFile     : > EPWM2,    PAGE = 1
   EPwm3RegsFile     : > EPWM3,    PAGE = 1
   EPwm4RegsFile     : > EPWM4,    PAGE = 1
   EPwm5RegsFile     : > EPWM5,    PAGE = 1
   EPwm6RegsFile     : > EPWM6,    PAGE = 1
   EPwm7RegsFile     : > EPWM7,    PAGE = 1

/*** Code Security Module Register Structures ***/
   CsmPwlFile        : > CSM_PWL,  PAGE = 1

/*** Device Part ID Register Structures ***/
   PartIdRegsFile    : > PARTID,   PAGE = 1

}

/*
//===========================================================================
// End of file.
//===========================================================================
*/







Appendix A/BLDC_Testing/F28035_FLASH_HVBLDC_Sensorless.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from FLASH						*/
/*==================================================================================*/
/*	FILE:			F28035_FLASH_HVBLDC_Sensorless.CMD                                    */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from FLASH.  			                                        */
/*                                                                                  */
/*  Target:  		TMS320F28035          					                        */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  4/13/09  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/
 

/* Define the memory block start/length for the F28035
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F2803x are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 memory block is mirrored - that is
         it can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks or flash sectors can be
         be combined if required to create a larger memory block.
*/

MEMORY
{
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x. Please download the Peripheral Files and Example Projects 
   collection (SPRC832) and look at the cla_adc project for information on how to 
   define sections for the CLA.
*/

PAGE 0:
	progRAM	    : origin = 0x008000, length = 0x001000 /* on-chip RAM (L0-L2)*/
	OTP         : origin = 0x3D7800, length = 0x000400     /* on-chip OTP */
	FLASHH      : origin = 0x3E8000, length = 0x002000     /* on-chip FLASH */
	FLASHG      : origin = 0x3EA000, length = 0x002000     /* on-chip FLASH */
	FLASHF      : origin = 0x3EC000, length = 0x002000     /* on-chip FLASH */
	FLASHE      : origin = 0x3EE000, length = 0x002000     /* on-chip FLASH */
	FLASHD      : origin = 0x3F0000, length = 0x002000     /* on-chip FLASH */
	FLASHC      : origin = 0x3F2000, length = 0x002000     /* on-chip FLASH */
	FLASHA      : origin = 0x3F6000, length = 0x001F80     /* on-chip FLASH */
	CSM_RSVD    : origin = 0x3F7F80, length = 0x000076     /* Part of FLASHA.  Program with all 0x0000 when CSM is in use. */
	BEGIN       : origin = 0x3F7FF6, length = 0x000002     /* Part of FLASHA.  Used for "boot to Flash" bootloader mode. */
	CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations in FLASHA */

	IQTABLES    : origin = 0x3FE000, length = 0x000B50     /* IQ Math Tables in Boot ROM */
	IQTABLES2   : origin = 0x3FEB50, length = 0x00008C     /* IQ Math Tables in Boot ROM */
	IQTABLES3   : origin = 0x3FEBDC, length = 0x0000AA     /* IQ Math Tables in Boot ROM */

	BOOTROM     : origin = 0x3FF27C, length = 0x000D44     /* Boot ROM */
	RESET       : origin = 0x3FFFC0, length = 0x000002     /* part of boot ROM  */
	VECTORS     : origin = 0x3FFFC2, length = 0x00003E     /* part of boot ROM  */

PAGE 1 : 
	BOOT_RSVD   : origin = 0x000000, length = 0x000050     /* Part of M0, BOOT rom will use this for stack */
	RAMM0       : origin = 0x000050, length = 0x0003B0     /* on-chip RAM block M0 */
   	RAMM1       : origin = 0x000400, length = 0x000400     /* on-chip RAM block M1 */
	dataRAM	    : origin = 0x009000, length = 0x001000     /* data RAM (L3) */
	FLASHB      : origin = 0x3F4000, length = 0x002000     /* on-chip FLASH */

	CLA_CPU_MSGRAM  : origin = 0x001480, length = 0x000080 /* CLA-R/W, CPU-R message RAM */
	CPU_CLA_MSGRAM  : origin = 0x001500, length = 0x000080 /* CPU-R/W, CLA-R message RAM */
}
 
 
SECTIONS
{
   /* Allocate program areas: */
   .cinit            : > FLASHA,     PAGE = 0
   .pinit            : > FLASHA,     PAGE = 0
   .text             : > FLASHA,     PAGE = 0

   codestart         : > BEGIN       PAGE = 0
   ramfuncs          : LOAD = FLASHD, 
                       RUN = progRAM, 
                       LOAD_START(_RamfuncsLoadStart),
                       LOAD_END(_RamfuncsLoadEnd),
                       RUN_START(_RamfuncsRunStart),
                       PAGE = 0

   csmpasswds        : > CSM_PWL     PAGE = 0
   csm_rsvd          : > CSM_RSVD    PAGE = 0
   
   /* Allocate uninitalized data sections: */
   .stack            : > RAMM0,      PAGE = 1
   .ebss             : > dataRAM,    PAGE = 1
   .esysmem          : > dataRAM,      PAGE = 1

   /* Initalized sections go in Flash */
   /* For SDFlash to program these, they must be allocated to page 0 */
   .econst           : > FLASHA      PAGE = 0
   .switch           : > FLASHA      PAGE = 0      

   /* Allocate IQ math areas: */
   IQmath            : > FLASHA      PAGE = 0                  /* Math Code */
   IQmathTables      : > IQTABLES     PAGE = 0, TYPE = NOLOAD   /* Math Tables In ROM */

   Cla1ToCpuMsgRAM   : > CLA_CPU_MSGRAM PAGE = 1
   CpuToCla1MsgRAM   : > CPU_CLA_MSGRAM PAGE = 1

   .reset            : > RESET,      PAGE = 0, TYPE = DSECT
   vectors           : > VECTORS     PAGE = 0, TYPE = DSECT


 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}
    
       
SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}


 







Appendix A/HVPM_Sensored/F28035_FLASH_HVPM_Sensored.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from FLASH						*/
/*==================================================================================*/
/*	FILE:			F28035_FLASH_HVPM_Sensored.CMD                                */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from FLASH.  			                                        */
/*                                                                                  */
/*  Target:  		TMS320F28035          					                        */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  4/13/09  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/
 

/* Define the memory block start/length for the F28035
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F2803x are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 memory block is mirrored - that is
         it can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks or flash sectors can be
         be combined if required to create a larger memory block.
*/
--diag_suppress=16002 
MEMORY
{
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x.
*/

PAGE 0:
	progRAM	    : origin = 0x008000, length = 0x001000 /* on-chip RAM (L0-L2)*/
	OTP         : origin = 0x3D7800, length = 0x000400     /* on-chip OTP */
	FLASHH      : origin = 0x3E8000, length = 0x002000     /* on-chip FLASH */
	FLASHG      : origin = 0x3EA000, length = 0x002000     /* on-chip FLASH */
	FLASHF      : origin = 0x3EC000, length = 0x002000     /* on-chip FLASH */
	FLASHE      : origin = 0x3EE000, length = 0x002000     /* on-chip FLASH */
	FLASHD      : origin = 0x3F0000, length = 0x002000     /* on-chip FLASH */
	FLASHC      : origin = 0x3F2000, length = 0x002000     /* on-chip FLASH */
	FLASHA      : origin = 0x3F6000, length = 0x001F80     /* on-chip FLASH */
	CSM_RSVD    : origin = 0x3F7F80, length = 0x000076     /* Part of FLASHA.  Program with all 0x0000 when CSM is in use. */
	BEGIN       : origin = 0x3F7FF6, length = 0x000002     /* Part of FLASHA.  Used for "boot to Flash" bootloader mode. */
	CSM_PWL     : origin = 0x3F7FF8, length = 0x000008     /* Part of FLASHA.  CSM password locations in FLASHA */

	IQTABLES    : origin = 0x3FE000, length = 0x000B50     /* IQ Math Tables in Boot ROM */
	IQTABLES2   : origin = 0x3FEB50, length = 0x00008C     /* IQ Math Tables in Boot ROM */
	IQTABLES3   : origin = 0x3FEBDC, length = 0x0000AA     /* IQ Math Tables in Boot ROM */

	BOOTROM     : origin = 0x3FF27C, length = 0x000D44     /* Boot ROM */
	RESET       : origin = 0x3FFFC0, length = 0x000002     /* part of boot ROM  */
	VECTORS     : origin = 0x3FFFC2, length = 0x00003E     /* part of boot ROM  */

PAGE 1 : 
	BOOT_RSVD   : origin = 0x000000, length = 0x000050     /* Part of M0, BOOT rom will use this for stack */
	RAMM0       : origin = 0x000050, length = 0x0003B0     /* on-chip RAM block M0 */
   	RAMM1       : origin = 0x000400, length = 0x000400     /* on-chip RAM block M1 */
	dataRAM	    : origin = 0x009000, length = 0x001000     /* data RAM (L3) */
	FLASHB      : origin = 0x3F4000, length = 0x002000     /* on-chip FLASH */

	CLA_CPU_MSGRAM  : origin = 0x001480, length = 0x000080 /* CLA-R/W, CPU-R message RAM */
	CPU_CLA_MSGRAM  : origin = 0x001500, length = 0x000080 /* CPU-R/W, CLA-R message RAM */
}
 
 
SECTIONS
{
   /* Allocate program areas: */
   .cinit            : > FLASHA,     PAGE = 0
   .pinit            : > FLASHA,     PAGE = 0
   .text             : > FLASHA,     PAGE = 0

   codestart         : > BEGIN       PAGE = 0
   ramfuncs          : LOAD = FLASHD, 
                       RUN = progRAM, 
                       LOAD_START(_RamfuncsLoadStart),
                       LOAD_END(_RamfuncsLoadEnd),
                       RUN_START(_RamfuncsRunStart),
                       PAGE = 0

   csmpasswds        : > CSM_PWL     PAGE = 0
   csm_rsvd          : > CSM_RSVD    PAGE = 0
   
   /* Allocate uninitalized data sections: */
   .stack            : > RAMM0,      PAGE = 1
   .ebss             : > dataRAM,    PAGE = 1
   .esysmem          : > dataRAM,      PAGE = 1

   /* Initalized sections go in Flash */
   /* For SDFlash to program these, they must be allocated to page 0 */
   .econst           : > FLASHA      PAGE = 0
   .switch           : > FLASHA      PAGE = 0      

   /* Allocate IQ math areas: */
   IQmath            : > FLASHA      PAGE = 0                  /* Math Code */
   IQmathTables      : > IQTABLES     PAGE = 0, TYPE = NOLOAD   /* Math Tables In ROM */

   Cla1ToCpuMsgRAM   : > CLA_CPU_MSGRAM PAGE = 1
   CpuToCla1MsgRAM   : > CPU_CLA_MSGRAM PAGE = 1

   .reset            : > RESET,      PAGE = 0, TYPE = DSECT
   vectors           : > VECTORS     PAGE = 0, TYPE = DSECT


 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}
    
    
    
SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}


 







Appendix A/BLDC_Testing/F28035_RAM_HVBLDC_Sensorless.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from RAM							*/
/*==================================================================================*/
/*	FILE:			F28035_RAM_HVBLDC_Sensorless.CMD                                      */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from RAM.  			                                            */
/*                                                                                  */
/*  Target:  		TMS320F28035 device                                             */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  10/24/08  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/

/* Define the memory block start/length for the DSP2803x
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F28035 are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 block is mirrored - that is it
         can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks can be combined
         if required to create a larger memory block.
*/

MEMORY
{
PAGE 0 :
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x. Please download the Peripheral Files and Example Projects 
   collection (SPRC832) and look at the cla_adc project for information on how to 
   define sections for the CLA.
*/
   
	BEGIN		   : origin = 0x000000,	length = 0x000002
	BOOT_RSVD	   : origin = 0x000002,	length = 0x00004E             
	RAMM0		   : origin = 0x000050,	length = 0x0003B0

	progRAM		   : origin = 0x008000,	length = 0x001800

	IQTABLES       : origin = 0x3FE000, length = 0x000B50    /* IQ Math Tables in Boot ROM */
	IQTABLES2      : origin = 0x3FEB50, length = 0x00008C    /* IQ Math Tables in Boot ROM */
	IQTABLES3      : origin = 0x3FEBDC, length = 0x0000AA	 /* IQ Math Tables in Boot ROM */

	RESET          : origin = 0x3FFFC0, length = 0x000002
	BOOTROM        : origin = 0x3FF27C, length = 0x000D44               

         
PAGE 1 : 

	RAMM1		   : origin = 0x000480,	length = 0x000380

	dataRAM	 	   : origin = 0x009800,	length = 0x000800

	CLA_CPU_MSGRAM : origin = 0x001480, length = 0x000080
	CPU_CLA_MSGRAM : origin = 0x001500, length = 0x000080
}
 
 
SECTIONS
{
   codestart        : > BEGIN,      PAGE = 0
   ramfuncs         : > RAMM0,      PAGE = 0  

   .text            : > progRAM,    PAGE = 0

   .cinit           : > RAMM0,      PAGE = 0
   .pinit           : > RAMM0,      PAGE = 0
   .switch          : > RAMM0,      PAGE = 0
   .reset           : > RESET,      PAGE = 0, TYPE = DSECT
   
   .stack           : > RAMM1,      PAGE = 1

   .ebss            : > dataRAM,    PAGE = 1
   .econst          : > dataRAM,    PAGE = 1      

   .esysmem         : > RAMM1,      PAGE = 1

   IQmath           : > progRAM,    PAGE = 0
   IQmathTables     : > IQTABLES, 	PAGE = 0, TYPE = NOLOAD

   Cla1ToCpuMsgRAM  : > CLA_CPU_MSGRAM, PAGE = 1
   CpuToCla1MsgRAM  : > CPU_CLA_MSGRAM, PAGE = 1

 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}

SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}




 







Appendix A/HVPM_Sensored/F28035_RAM_HVPM_Sensored.CMD

/*==================================================================================*/
/*	User specific Linker command file for running from RAM							*/
/*==================================================================================*/
/*	FILE:			F28035_RAM_HVPM_Sensored.CMD                                  */
/*                                                                                  */
/*	Description:	Linker command file for User custom sections targetted to run   */
/*					from RAM.  			                                            */
/*                                                                                  */
/*  Target:  		TMS320F28035 device                                             */
/*                                                                                  */
/*	Version: 		1.00                                							*/
/*                                                                                  */
/*----------------------------------------------------------------------------------*/
/*  Copyright Texas Instruments © 2009                                			    */	
/*----------------------------------------------------------------------------------*/
/*  Revision History:                                                               */
/*----------------------------------------------------------------------------------*/
/*  Date	  | Description                                                         */
/*----------------------------------------------------------------------------------*/
/*  10/24/08  | Release 1.0  		New release.                                    */
/*----------------------------------------------------------------------------------*/

/* Define the memory block start/length for the DSP2803x
   PAGE 0 will be used to organize program sections
   PAGE 1 will be used to organize data sections

   Notes:
         Memory blocks on F28035 are uniform (ie same
         physical memory) in both PAGE 0 and PAGE 1.
         That is the same memory region should not be
         defined for both PAGE 0 and PAGE 1.
         Doing so will result in corruption of program
         and/or data.

         L0 block is mirrored - that is it
         can be accessed in high memory or low memory.
         For simplicity only one instance is used in this
         linker file.

         Contiguous SARAM memory blocks can be combined
         if required to create a larger memory block.
*/
--diag_suppress=16002 
MEMORY
{
PAGE 0 :
/* Note that the memory allocation below does not create sections as necessary for
   the CLA on the F2803x. 
*/
   
	BEGIN		   : origin = 0x000000,	length = 0x000002
	BOOT_RSVD	   : origin = 0x000002,	length = 0x00004E             
	RAMM0		   : origin = 0x000050,	length = 0x0003B0

	progRAM		   : origin = 0x008000,	length = 0x001800

	IQTABLES       : origin = 0x3FE000, length = 0x000B50    /* IQ Math Tables in Boot ROM */
	IQTABLES2      : origin = 0x3FEB50, length = 0x00008C    /* IQ Math Tables in Boot ROM */
	IQTABLES3      : origin = 0x3FEBDC, length = 0x0000AA	 /* IQ Math Tables in Boot ROM */

	RESET          : origin = 0x3FFFC0, length = 0x000002
	BOOTROM        : origin = 0x3FF27C, length = 0x000D44               

         
PAGE 1 : 

	RAMM1		   : origin = 0x000480,	length = 0x000380

	dataRAM	 	   : origin = 0x009800,	length = 0x000800

	CLA_CPU_MSGRAM : origin = 0x001480, length = 0x000080
	CPU_CLA_MSGRAM : origin = 0x001500, length = 0x000080
}
 
 
SECTIONS
{
   codestart        : > BEGIN,      PAGE = 0
   ramfuncs         : > RAMM0,      PAGE = 0  

   .text            : > progRAM,    PAGE = 0

   .cinit           : > RAMM0,      PAGE = 0
   .pinit           : > RAMM0,      PAGE = 0
   .switch          : > RAMM0,      PAGE = 0
   .reset           : > RESET,      PAGE = 0, TYPE = DSECT
   
   .stack           : > RAMM1,      PAGE = 1

   .ebss            : > dataRAM,    PAGE = 1
   .econst          : > dataRAM,    PAGE = 1      

   .esysmem         : > RAMM1,      PAGE = 1

   IQmath           : > progRAM,    PAGE = 0
   IQmathTables     : > IQTABLES, 	PAGE = 0, TYPE = NOLOAD

   Cla1ToCpuMsgRAM  : > CLA_CPU_MSGRAM, PAGE = 1
   CpuToCla1MsgRAM  : > CPU_CLA_MSGRAM, PAGE = 1

 /* Uncomment the section below if calling the IQNexp() or IQexp()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables2    : > IQTABLES2, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNexpTable.obj> (IQmathTablesRam)

   }
   */
   /* Uncomment the section below if calling the IQNasin() or IQasin()
      functions from the IQMath.lib library in order to utilize the
      relevant IQ Math table in Boot ROM (This saves space and Boot ROM
      is 1 wait-state). If this section is not uncommented, IQmathTables2
      will be loaded into other memory (SARAM, Flash, etc.) and will take
      up space, but 0 wait-state is possible.
   */
   /*
   IQmathTables3    : > IQTABLES3, PAGE = 0, TYPE = NOLOAD
   {

              IQmath.lib<IQNasinTable.obj> (IQmathTablesRam)

   }
   */

}


    
SECTIONS
{
	DLOG: > dataRAM,PAGE=1
}


 







Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless_linkInfo.xml

 
    TMS320C2000 Linker PC v6.4.2
    Copyright (c) 1996-2015 Texas Instruments Incorporated
    0x557c2769
    0x0
    HVBLDC_Sensorless.out
    
       _c_int00
       0x3f7963
   
    
       
          .\
          object
          DLOG4CHC.obj
          DLOG4CHC.obj
      
       
          .\
          object
          DSP2803x_CodeStartBranch.obj
          DSP2803x_CodeStartBranch.obj
      
       
          .\
          object
          DSP2803x_CpuTimers.obj
          DSP2803x_CpuTimers.obj
      
       
          .\
          object
          DSP2803x_GlobalVariableDefs.obj
          DSP2803x_GlobalVariableDefs.obj
      
       
          .\
          object
          DSP2803x_usDelay.obj
          DSP2803x_usDelay.obj
      
       
          .\
          object
          HVBLDC_Sensorless-DevInit_F2803x.obj
          HVBLDC_Sensorless-DevInit_F2803x.obj
      
       
          .\
          object
          HVBLDC_Sensorless.obj
          HVBLDC_Sensorless.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQ24div.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQmathTables.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          boot.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          exit.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_add.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_div.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_div.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          _lock.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          ul_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          ul_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          u_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          args_main.obj
      
   
    
       
          PieVectTableFile
          true
          0xd00
          0x100
          
      
       
          EmuKeyVar
          true
          0xd00
          0x1
          
      
       
          EmuBModeVar
          true
          0xd01
          0x1
          
      
       
          FlashCallbackVar
          true
          0xd02
          0x2
          
      
       
          FlashScalingVar
          true
          0xd04
          0x2
          
      
       
          DevEmuRegsFile
          true
          0x880
          0x4
          
      
       
          FlashRegsFile
          true
          0xa80
          0x8
          
      
       
          CsmRegsFile
          true
          0xae0
          0x10
          
      
       
          AdcResultFile
          true
          0xb00
          0x20
          
      
       
          CpuTimer0RegsFile
          true
          0xc00
          0x8
          
      
       
          CpuTimer1RegsFile
          true
          0xc08
          0x8
          
      
       
          CpuTimer2RegsFile
          true
          0xc10
          0x8
          
      
       
          PieCtrlRegsFile
          true
          0xce0
          0x1a
          
      
       
          Cla1RegsFile
          true
          0x1400
          0x40
          
      
       
          ECanaRegsFile
          true
          0x6000
          0x34
          
      
       
          ECanaLAMRegsFile
          true
          0x6040
          0x40
          
      
       
          ECanaMboxesFile
          true
          0x6100
          0x100
          
      
       
          ECanaMOTSRegsFile
          true
          0x6080
          0x40
          
      
       
          ECanaMOTORegsFile
          true
          0x60c0
          0x40
          
      
       
          ECap1RegsFile
          true
          0x6a00
          0x20
          
      
       
          EQep1RegsFile
          true
          0x6b00
          0x40
          
      
       
          LinaRegsFile
          true
          0x6c00
          0x4a
          
      
       
          GpioCtrlRegsFile
          true
          0x6f80
          0x40
          
      
       
          GpioDataRegsFile
          true
          0x6fc0
          0x20
          
      
       
          GpioIntRegsFile
          true
          0x6fe0
          0xc
          
      
       
          SysCtrlRegsFile
          true
          0x7010
          0x20
          
      
       
          SpiaRegsFile
          true
          0x7040
          0x10
          
      
       
          SpibRegsFile
          true
          0x7740
          0x10
          
      
       
          SciaRegsFile
          true
          0x7050
          0x10
          
      
       
          NmiIntruptRegsFile
          true
          0x7060
          0x10
          
      
       
          XIntruptRegsFile
          true
          0x7070
          0x10
          
      
       
          AdcRegsFile
          true
          0x7100
          0x50
          
      
       
          I2caRegsFile
          true
          0x7900
          0x22
          
      
       
          Comp1RegsFile
          true
          0x6400
          0x14
          
      
       
          Comp2RegsFile
          true
          0x6420
          0x14
          
      
       
          Comp3RegsFile
          true
          0x6440
          0x14
          
      
       
          EPwm1RegsFile
          true
          0x6800
          0x40
          
      
       
          EPwm2RegsFile
          true
          0x6840
          0x40
          
      
       
          EPwm3RegsFile
          true
          0x6880
          0x40
          
      
       
          EPwm4RegsFile
          true
          0x68c0
          0x40
          
      
       
          EPwm5RegsFile
          true
          0x6900
          0x40
          
      
       
          EPwm6RegsFile
          true
          0x6940
          0x40
          
      
       
          EPwm7RegsFile
          true
          0x6980
          0x40
          
      
       
          CsmPwlFile
          true
          0x3f7ff8
          0x8
          
      
       
          PartIdRegsFile
          true
          0x3d7e80
          0x1
          
      
       
          .cinit
          0x3f7aec
          0x3f7aec
          0x284
          
      
       
          .cinit
          0x3f7d70
          0x3f7d70
          0xa
          
      
       
          .cinit:__lock
          0x3f7d7a
          0x3f7d7a
          0x5
          
      
       
          .cinit:__unlock
          0x3f7d7f
          0x3f7d7f
          0x5
          
      
       
          .text
          0x3f6000
          0x3f6000
          0x150f
          
      
       
          .text
          0x3f750f
          0x3f750f
          0x1bf
          
      
       
          .text
          0x3f76ce
          0x3f76ce
          0x83
          
      
       
          .text
          0x3f7751
          0x3f7751
          0x83
          
      
       
          .text
          0x3f77d4
          0x3f77d4
          0x78
          
      
       
          .text
          0x3f784c
          0x3f784c
          0x72
          
      
       
          .text
          0x3f78be
          0x3f78be
          0x5a
          
      
       
          .text
          0x3f7918
          0x3f7918
          0x4b
          
      
       
          .text
          0x3f7963
          0x3f7963
          0x44
          
      
       
          .text
          0x3f79a7
          0x3f79a7
          0x2a
          
      
       
          .text
          0x3f79d1
          0x3f79d1
          0x29
          
      
       
          .text
          0x3f79fa
          0x3f79fa
          0x1f
          
      
       
          .text
          0x3f7a19
          0x3f7a19
          0x1c
          
      
       
          .text
          0x3f7a35
          0x3f7a35
          0x1c
          
      
       
          .text
          0x3f7a51
          0x3f7a51
          0x1a
          
      
       
          .text
          0x3f7a6b
          0x3f7a6b
          0x19
          
      
       
          .text
          0x3f7a84
          0x3f7a84
          0x19
          
      
       
          .text
          0x3f7a9d
          0x3f7a9d
          0x16
          
      
       
          .text
          0x3f7ab3
          0x3f7ab3
          0x13
          
      
       
          .text
          0x3f7ac6
          0x3f7ac6
          0x10
          
      
       
          .text
          0x3f7ad6
          0x3f7ad6
          0x9
          
      
       
          .text
          0x3f7adf
          0x3f7adf
          0x8
          
      
       
          .text:retain
          0x3f7ae7
          0x3f7ae7
          0x5
          
      
       
          codestart
          0x3f7ff6
          0x3f7ff6
          0x2
          
      
       
          ramfuncs:retain
          0x3f0000
          0x8000
          0x49
          
      
       
          ramfuncs
          0x3f0049
          0x8049
          0x1b
          
      
       
          ramfuncs
          0x3f0064
          0x8064
          0x4
          
      
       
          .stack
          true
          0x50
          0x0
          
      
       
          .stack
          true
          0x50
          0x0
      
       
          .ebss
          true
          0x9840
          0x18
          
      
       
          .ebss
          true
          0x9640
          0x1f2
          
      
       
          .ebss
          true
          0x9832
          0x4
          
      
       
          .ebss:__unlock
          true
          0x9838
          0x2
          
      
       
          .ebss:__lock
          true
          0x9836
          0x2
          
      
       
          .econst
          0x3f7dce
          0x3f7dce
          0xc
          
      
       
          IQmath
          0x3f7d86
          0x3f7d86
          0x47
          
      
       
          IQmathTables
          0x3fe000
          0x3fe000
          0xb50
          
      
       
          .reset
          0x3fffc0
          0x3fffc0
          0x2
          
      
       
          DLOG
          true
          0x9000
          0x640
          
      
       
          .debug_info
          0x0
          0x0
          0xfc
          
      
       
          .debug_info
          0xfc
          0xfc
          0x1f2
          
      
       
          .debug_info
          0x2ee
          0x2ee
          0x8f4
          
      
       
          .debug_info
          0xbe2
          0xbe2
          0x1389d
          
      
       
          .debug_info
          0x1447f
          0x1447f
          0xf3
          
      
       
          .debug_info
          0x14572
          0x14572
          0x46bf
          
      
       
          .debug_info
          0x18c31
          0x18c31
          0xaa12
          
      
       
          .debug_info
          0x23643
          0x23643
          0x112
          
      
       
          .debug_info
          0x23755
          0x23755
          0x407
          
      
       
          .debug_info
          0x23b5c
          0x23b5c
          0xf4
          
      
       
          .debug_info
          0x23c50
          0x23c50
          0xf4
          
      
       
          .debug_info
          0x23d44
          0x23d44
          0xf4
          
      
       
          .debug_info
          0x23e38
          0x23e38
          0xf4
          
      
       
          .debug_info
          0x23f2c
          0x23f2c
          0xf4
          
      
       
          .debug_info
          0x24020
          0x24020
          0xf7
          
      
       
          .debug_info
          0x24117
          0x24117
          0x100
          
      
       
          .debug_info
          0x24217
          0x24217
          0x18b
          
      
       
          .debug_info
          0x243a2
          0x243a2
          0x431
          
      
       
          .debug_info
          0x247d3
          0x247d3
          0xf4
          
      
       
          .debug_info
          0x248c7
          0x248c7
          0xfa
          
      
       
          .debug_info
          0x249c1
          0x249c1
          0xf7
          
      
       
          .debug_info
          0x24ab8
          0x24ab8
          0xf7
          
      
       
          .debug_info
          0x24baf
          0x24baf
          0xf4
          
      
       
          .debug_info
          0x24ca3
          0x24ca3
          0x3fe
          
      
       
          .debug_info
          0x250a1
          0x250a1
          0xaa
      
       
          .debug_line
          0x0
          0x0
          0x7f
          
      
       
          .debug_line
          0x7f
          0x7f
          0xa3
          
      
       
          .debug_line
          0x122
          0x122
          0x88
          
      
       
          .debug_line
          0x1aa
          0x1aa
          0x48
          
      
       
          .debug_line
          0x1f2
          0x1f2
          0x1f0
          
      
       
          .debug_line
          0x3e2
          0x3e2
          0x4c4
          
      
       
          .debug_line
          0x8a6
          0x8a6
          0x73
          
      
       
          .debug_line
          0x919
          0x919
          0x5d
          
      
       
          .debug_line
          0x976
          0x976
          0xa2
          
      
       
          .debug_line
          0xa18
          0xa18
          0x58
          
      
       
          .debug_line
          0xa70
          0xa70
          0xa9
          
      
       
          .debug_line
          0xb19
          0xb19
          0xab
          
      
       
          .debug_line
          0xbc4
          0xbc4
          0x8d
          
      
       
          .debug_line
          0xc51
          0xc51
          0x56
          
      
       
          .debug_line
          0xca7
          0xca7
          0x60
          
      
       
          .debug_line
          0xd07
          0xd07
          0x8e
          
      
       
          .debug_line
          0xd95
          0xd95
          0x5e
          
      
       
          .debug_line
          0xdf3
          0xdf3
          0x56
          
      
       
          .debug_line
          0xe49
          0xe49
          0x53
          
      
       
          .debug_line
          0xe9c
          0xe9c
          0x52
          
      
       
          .debug_line
          0xeee
          0xeee
          0x4f
          
      
       
          .debug_line
          0xf3d
          0xf3d
          0x49
          
      
       
          .debug_line
          0xf86
          0xf86
          0x59
          
      
       
          .debug_abbrev
          0x0
          0x0
          0x2e
          
      
       
          .debug_abbrev
          0x2e
          0x2e
          0x20
          
      
       
          .debug_abbrev
          0x4e
          0x4e
          0x10b
          
      
       
          .debug_abbrev
          0x159
          0x159
          0xb7
          
      
       
          .debug_abbrev
          0x210
          0x210
          0x2e
          
      
       
          .debug_abbrev
          0x23e
          0x23e
          0x17f
          
      
       
          .debug_abbrev
          0x3bd
          0x3bd
          0x1ec
          
      
       
          .debug_abbrev
          0x5a9
          0x5a9
          0x45
          
      
       
          .debug_abbrev
          0x5ee
          0x5ee
          0x117
          
      
       
          .debug_abbrev
          0x705
          0x705
          0x37
          
      
       
          .debug_abbrev
          0x73c
          0x73c
          0x37
          
      
       
          .debug_abbrev
          0x773
          0x773
          0x37
          
      
       
          .debug_abbrev
          0x7aa
          0x7aa
          0x37
          
      
       
          .debug_abbrev
          0x7e1
          0x7e1
          0x37
          
      
       
          .debug_abbrev
          0x818
          0x818
          0x37
          
      
       
          .debug_abbrev
          0x84f
          0x84f
          0x37
          
      
       
          .debug_abbrev
          0x886
          0x886
          0x37
          
      
       
          .debug_abbrev
          0x8bd
          0x8bd
          0xb2
          
      
       
          .debug_abbrev
          0x96f
          0x96f
          0x37
          
      
       
          .debug_abbrev
          0x9a6
          0x9a6
          0x37
          
      
       
          .debug_abbrev
          0x9dd
          0x9dd
          0x37
          
      
       
          .debug_abbrev
          0xa14
          0xa14
          0x37
          
      
       
          .debug_abbrev
          0xa4b
          0xa4b
          0x37
          
      
       
          .debug_abbrev
          0xa82
          0xa82
          0xfe
          
      
       
          .debug_abbrev
          0xb80
          0xb80
          0xf
      
       
          .debug_aranges
          0x0
          0x0
          0x20
          
      
       
          .debug_aranges
          0x20
          0x20
          0x28
          
      
       
          .debug_aranges
          0x48
          0x48
          0x28
          
      
       
          .debug_aranges
          0x70
          0x70
          0x20
          
      
       
          .debug_aranges
          0x90
          0x90
          0x58
          
      
       
          .debug_aranges
          0xe8
          0xe8
          0x90
          
      
       
          .debug_aranges
          0x178
          0x178
          0x20
          
      
       
          .debug_aranges
          0x198
          0x198
          0x28
          
      
       
          .debug_aranges
          0x1c0
          0x1c0
          0x20
          
      
       
          .debug_aranges
          0x1e0
          0x1e0
          0x20
          
      
       
          .debug_aranges
          0x200
          0x200
          0x20
          
      
       
          .debug_aranges
          0x220
          0x220
          0x20
          
      
       
          .debug_aranges
          0x240
          0x240
          0x20
          
      
       
          .debug_aranges
          0x260
          0x260
          0x20
          
      
       
          .debug_aranges
          0x280
          0x280
          0x20
          
      
       
          .debug_aranges
          0x2a0
          0x2a0
          0x38
          
      
       
          .debug_aranges
          0x2d8
          0x2d8
          0x30
          
      
       
          .debug_aranges
          0x308
          0x308
          0x20
          
      
       
          .debug_aranges
          0x328
          0x328
          0x20
          
      
       
          .debug_aranges
          0x348
          0x348
          0x20
          
      
       
          .debug_aranges
          0x368
          0x368
          0x20
          
      
       
          .debug_aranges
          0x388
          0x388
          0x20
          
      
       
          .debug_aranges
          0x3a8
          0x3a8
          0x20
          
      
       
          .debug_frame
          0x0
          0x0
          0x93
          
      
       
          .debug_frame
          0x93
          0x93
          0x11e
          
      
       
          .debug_frame
          0x1b1
          0x1b1
          0x205
          
      
       
          .debug_frame
          0x3b6
          0x3b6
          0x95
          
      
       
          .debug_frame
          0x44b
          0x44b
          0xa1
          
      
       
          .debug_frame
          0x4ec
          0x4ec
          0x77
          
      
   
    
       
          PieVectTableFile
          0xd00
          0x100
          
             
         
      
       
          EmuKeyVar
          0xd00
          0x1
          
             
         
      
       
          EmuBModeVar
          0xd01
          0x1
          
             
         
      
       
          FlashCallbackVar
          0xd02
          0x2
          
             
         
      
       
          FlashScalingVar
          0xd04
          0x2
          
             
         
      
       
          GROUP_2
          0xd00
          0x6
          
             
             
             
             
         
      
       
          UNION_1
          0xd00
          0x100
          
             
             
         
      
       
          DevEmuRegsFile
          0x880
          0x4
          
             
         
      
       
          SysPwrCtrlRegsFile
          0x0
          0x0
          
         
      
       
          FlashRegsFile
          0xa80
          0x8
          
             
         
      
       
          CsmRegsFile
          0xae0
          0x10
          
             
         
      
       
          AdcResultFile
          0xb00
          0x20
          
             
         
      
       
          CpuTimer0RegsFile
          0xc00
          0x8
          
             
         
      
       
          CpuTimer1RegsFile
          0xc08
          0x8
          
             
         
      
       
          CpuTimer2RegsFile
          0xc10
          0x8
          
             
         
      
       
          PieCtrlRegsFile
          0xce0
          0x1a
          
             
         
      
       
          Cla1RegsFile
          0x1400
          0x40
          
             
         
      
       
          ECanaRegsFile
          0x6000
          0x34
          
             
         
      
       
          ECanaLAMRegsFile
          0x6040
          0x40
          
             
         
      
       
          ECanaMboxesFile
          0x6100
          0x100
          
             
         
      
       
          ECanaMOTSRegsFile
          0x6080
          0x40
          
             
         
      
       
          ECanaMOTORegsFile
          0x60c0
          0x40
          
             
         
      
       
          ECap1RegsFile
          0x6a00
          0x20
          
             
         
      
       
          EQep1RegsFile
          0x6b00
          0x40
          
             
         
      
       
          LinaRegsFile
          0x6c00
          0x4a
          
             
         
      
       
          GpioCtrlRegsFile
          0x6f80
          0x40
          
             
         
      
       
          GpioDataRegsFile
          0x6fc0
          0x20
          
             
         
      
       
          GpioIntRegsFile
          0x6fe0
          0xc
          
             
         
      
       
          SysCtrlRegsFile
          0x7010
          0x20
          
             
         
      
       
          SpiaRegsFile
          0x7040
          0x10
          
             
         
      
       
          SpibRegsFile
          0x7740
          0x10
          
             
         
      
       
          SciaRegsFile
          0x7050
          0x10
          
             
         
      
       
          NmiIntruptRegsFile
          0x7060
          0x10
          
             
         
      
       
          XIntruptRegsFile
          0x7070
          0x10
          
             
         
      
       
          AdcRegsFile
          0x7100
          0x50
          
             
         
      
       
          I2caRegsFile
          0x7900
          0x22
          
             
         
      
       
          Comp1RegsFile
          0x6400
          0x14
          
             
         
      
       
          Comp2RegsFile
          0x6420
          0x14
          
             
         
      
       
          Comp3RegsFile
          0x6440
          0x14
          
             
         
      
       
          EPwm1RegsFile
          0x6800
          0x40
          
             
         
      
       
          EPwm2RegsFile
          0x6840
          0x40
          
             
         
      
       
          EPwm3RegsFile
          0x6880
          0x40
          
             
         
      
       
          EPwm4RegsFile
          0x68c0
          0x40
          
             
         
      
       
          EPwm5RegsFile
          0x6900
          0x40
          
             
         
      
       
          EPwm6RegsFile
          0x6940
          0x40
          
             
         
      
       
          EPwm7RegsFile
          0x6980
          0x40
          
             
         
      
       
          CsmPwlFile
          0x3f7ff8
          0x8
          
             
         
      
       
          PartIdRegsFile
          0x3d7e80
          0x1
          
             
         
      
       
          .cinit
          0x3f7aec
          0x3f7aec
          0x29a
          
             
             
             
             
         
      
       
          .pinit
          0x0
          0x0
          
         
      
       
          .text
          0x3f6000
          0x3f6000
          0x1aec
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          codestart
          0x3f7ff6
          0x3f7ff6
          0x2
          
             
         
      
       
          ramfuncs
          0x3f0000
          0x8000
          0x68
          
             
             
             
         
      
       
          csmpasswds
          0x0
          0x0
          
         
      
       
          csm_rsvd
          0x0
          0x0
          
         
      
       
          .stack
          0x50
          0x380
          
             
             
         
      
       
          .ebss
          0x9640
          0x218
          
             
             
             
             
             
         
      
       
          .esysmem
          0x0
          0x0
          
         
      
       
          .econst
          0x3f7dce
          0x3f7dce
          0xc
          
             
         
      
       
          .switch
          0x0
          0x0
          
         
      
       
          IQmath
          0x3f7d86
          0x3f7d86
          0x47
          
             
         
      
       
          IQmathTables
          0x3fe000
          0x3fe000
          0xb50
          
             
         
      
       
          Cla1ToCpuMsgRAM
          0x0
          0x0
          
         
      
       
          CpuToCla1MsgRAM
          0x0
          0x0
          
         
      
       
          .reset
          0x3fffc0
          0x3fffc0
          0x2
          
             
         
      
       
          vectors
          0x3fffc2
          0x0
          
         
      
       
          DLOG
          0x9000
          0x640
          
             
         
      
       
          .debug_info
          0x0
          0x0
          0x2514b
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_line
          0x0
          0x0
          0xfdf
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_abbrev
          0x0
          0x0
          0xb8f
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_aranges
          0x0
          0x0
          0x3c8
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_frame
          0x0
          0x0
          0x563
          
             
             
             
             
             
             
         
      
   
    
       
          progRAM
          0x0
          0x8000
          0x1000
          0x68
          0xf98
          RWIX
          
             
                0x8000
                0x68
                
            
             
                0x8068
                0xf98
            
         
      
       
          OTP
          0x0
          0x3d7800
          0x400
          0x0
          0x400
          RWIX
          
         
      
       
          FLASHH
          0x0
          0x3e8000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHG
          0x0
          0x3ea000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHF
          0x0
          0x3ec000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHE
          0x0
          0x3ee000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHD
          0x0
          0x3f0000
          0x2000
          0x68
          0x1f98
          RWIX
          
             
                0x3f0000
                0x68
                
            
             
                0x3f0068
                0x1f98
            
         
      
       
          FLASHC
          0x0
          0x3f2000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHA
          0x0
          0x3f6000
          0x1f80
          0x1dd9
          0x1a7
          RWIX
          
             
                0x3f6000
                0x1aec
                
            
             
                0x3f7aec
                0x29a
                
            
             
                0x3f7d86
                0x47
                
            
             
                0x3f7dcd
                0x1
            
             
                0x3f7dce
                0xc
                
            
             
                0x3f7dda
                0x1a6
            
         
      
       
          CSM_RSVD
          0x0
          0x3f7f80
          0x76
          0x0
          0x76
          RWIX
          
         
      
       
          BEGIN
          0x0
          0x3f7ff6
          0x2
          0x2
          0x0
          RWIX
          
             
                0x3f7ff6
                0x2
                
            
         
      
       
          CSM_PWL
          0x0
          0x3f7ff8
          0x8
          0x0
          0x8
          RWIX
          
         
      
       
          IQTABLES
          0x0
          0x3fe000
          0xb50
          0xb50
          0x0
          RWIX
          
             
                0x3fe000
                0xb50
                
            
         
      
       
          IQTABLES2
          0x0
          0x3feb50
          0x8c
          0x0
          0x8c
          RWIX
          
         
      
       
          IQTABLES3
          0x0
          0x3febdc
          0xaa
          0x0
          0xaa
          RWIX
          
         
      
       
          BOOTROM
          0x0
          0x3ff27c
          0xd44
          0x0
          0xd44
          RWIX
          
         
      
       
          RESET
          0x0
          0x3fffc0
          0x2
          0x0
          0x2
          RWIX
          
         
      
       
          VECTORS
          0x0
          0x3fffc2
          0x3e
          0x0
          0x3e
          RWIX
          
         
      
       
          BOOT_RSVD
          0x1
          0x0
          0x50
          0x0
          0x50
          RWIX
          
         
      
       
          RAMM0
          0x1
          0x50
          0x3b0
          0x380
          0x30
          RWIX
          
             
                0x50
                0x380
                
            
             
                0x3d0
                0x30
            
         
      
       
          RAMM1
          0x1
          0x400
          0x400
          0x0
          0x400
          RWIX
          
         
      
       
          DEV_EMU
          0x1
          0x880
          0x105
          0x4
          0x101
          RWIX
          
             
                0x880
                0x4
                
            
             
                0x884
                0x101
            
         
      
       
          SYS_PWR_CTL
          0x1
          0x985
          0x3
          0x0
          0x3
          RWIX
          
         
      
       
          FLASH_REGS
          0x1
          0xa80
          0x60
          0x8
          0x58
          RWIX
          
             
                0xa80
                0x8
                
            
             
                0xa88
                0x58
            
         
      
       
          CSM
          0x1
          0xae0
          0x10
          0x10
          0x0
          RWIX
          
             
                0xae0
                0x10
                
            
         
      
       
          ADC_RESULT
          0x1
          0xb00
          0x20
          0x20
          0x0
          RWIX
          
             
                0xb00
                0x20
                
            
         
      
       
          CPU_TIMER0
          0x1
          0xc00
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc00
                0x8
                
            
         
      
       
          CPU_TIMER1
          0x1
          0xc08
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc08
                0x8
                
            
         
      
       
          CPU_TIMER2
          0x1
          0xc10
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc10
                0x8
                
            
         
      
       
          PIE_CTRL
          0x1
          0xce0
          0x20
          0x1a
          0x6
          RWIX
          
             
                0xce0
                0x1a
                
            
             
                0xcfa
                0x6
            
         
      
       
          PIE_VECT
          0x1
          0xd00
          0x100
          0x100
          0x0
          RWIX
          
             
                0xd00
                0x100
                
            
         
      
       
          CLA1
          0x1
          0x1400
          0x80
          0x40
          0x40
          RWIX
          
             
                0x1400
                0x40
                
            
             
                0x1440
                0x40
            
         
      
       
          CLA_CPU_MSGRAM
          0x1
          0x1480
          0x80
          0x0
          0x80
          RWIX
          
         
      
       
          CPU_CLA_MSGRAM
          0x1
          0x1500
          0x80
          0x0
          0x80
          RWIX
          
         
      
       
          ECANA
          0x1
          0x6000
          0x40
          0x34
          0xc
          RWIX
          
             
                0x6000
                0x34
                
            
             
                0x6034
                0xc
            
         
      
       
          ECANA_LAM
          0x1
          0x6040
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6040
                0x40
                
            
         
      
       
          ECANA_MOTS
          0x1
          0x6080
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6080
                0x40
                
            
         
      
       
          ECANA_MOTO
          0x1
          0x60c0
          0x40
          0x40
          0x0
          RWIX
          
             
                0x60c0
                0x40
                
            
         
      
       
          ECANA_MBOX
          0x1
          0x6100
          0x100
          0x100
          0x0
          RWIX
          
             
                0x6100
                0x100
                
            
         
      
       
          COMP1
          0x1
          0x6400
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6400
                0x14
                
            
             
                0x6414
                0xc
            
         
      
       
          COMP2
          0x1
          0x6420
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6420
                0x14
                
            
             
                0x6434
                0xc
            
         
      
       
          COMP3
          0x1
          0x6440
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6440
                0x14
                
            
             
                0x6454
                0xc
            
         
      
       
          EPWM1
          0x1
          0x6800
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6800
                0x40
                
            
         
      
       
          EPWM2
          0x1
          0x6840
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6840
                0x40
                
            
         
      
       
          EPWM3
          0x1
          0x6880
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6880
                0x40
                
            
         
      
       
          EPWM4
          0x1
          0x68c0
          0x40
          0x40
          0x0
          RWIX
          
             
                0x68c0
                0x40
                
            
         
      
       
          EPWM5
          0x1
          0x6900
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6900
                0x40
                
            
         
      
       
          EPWM6
          0x1
          0x6940
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6940
                0x40
                
            
         
      
       
          EPWM7
          0x1
          0x6980
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6980
                0x40
                
            
         
      
       
          ECAP1
          0x1
          0x6a00
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6a00
                0x20
                
            
         
      
       
          EQEP1
          0x1
          0x6b00
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6b00
                0x40
                
            
         
      
       
          LINA
          0x1
          0x6c00
          0x80
          0x4a
          0x36
          RWIX
          
             
                0x6c00
                0x4a
                
            
             
                0x6c4a
                0x36
            
         
      
       
          GPIOCTRL
          0x1
          0x6f80
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6f80
                0x40
                
            
         
      
       
          GPIODAT
          0x1
          0x6fc0
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6fc0
                0x20
                
            
         
      
       
          GPIOINT
          0x1
          0x6fe0
          0x20
          0xc
          0x14
          RWIX
          
             
                0x6fe0
                0xc
                
            
             
                0x6fec
                0x14
            
         
      
       
          SYSTEM
          0x1
          0x7010
          0x20
          0x20
          0x0
          RWIX
          
             
                0x7010
                0x20
                
            
         
      
       
          SPIA
          0x1
          0x7040
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7040
                0x10
                
            
         
      
       
          SCIA
          0x1
          0x7050
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7050
                0x10
                
            
         
      
       
          NMIINTRUPT
          0x1
          0x7060
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7060
                0x10
                
            
         
      
       
          XINTRUPT
          0x1
          0x7070
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7070
                0x10
                
            
         
      
       
          ADC
          0x1
          0x7100
          0x80
          0x50
          0x30
          RWIX
          
             
                0x7100
                0x50
                
            
             
                0x7150
                0x30
            
         
      
       
          SPIB
          0x1
          0x7740
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7740
                0x10
                
            
         
      
       
          I2CA
          0x1
          0x7900
          0x40
          0x22
          0x1e
          RWIX
          
             
                0x7900
                0x22
                
            
             
                0x7922
                0x1e
            
         
      
       
          dataRAM
          0x1
          0x9000
          0x1000
          0x858
          0x7a8
          RWIX
          
             
                0x9000
                0x640
                
            
             
                0x9640
                0x218
                
            
             
                0x9858
                0x7a8
            
         
      
       
          PARTID
          0x1
          0x3d7e80
          0x1
          0x1
          0x0
          RWIX
          
             
                0x3d7e80
                0x1
                
            
         
      
       
          FLASHB
          0x1
          0x3f4000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          CSM_PWL
          0x1
          0x3f7ff8
          0x8
          0x8
          0x0
          RWIX
          
             
                0x3f7ff8
                0x8
                
            
         
      
   
    
       
          _RamfuncsLoadStart
          0x3f0000
      
       
          _RamfuncsLoadEnd
          0x3f0068
      
       
          _RamfuncsRunStart
          0x8000
      
       
          cinit
          0x3f7aec
      
       
          ___cinit__
          0x3f7aec
      
       
          pinit
          0xffffffff
      
       
          ___pinit__
          0xffffffff
      
       
          binit
          0xffffffff
      
       
          ___binit__
          0xffffffff
      
       
          __STACK_SIZE
          0x380
      
       
          __STACK_END
          0x3d0
      
       
          ___c_args__
          0xffffffff
      
       
          .text
          0x3f6000
      
       
          ___text__
          0x3f6000
      
       
          etext
          0x3f7aec
      
       
          ___etext__
          0x3f7aec
      
       
          _DLOG_4CH_init
          0x3f7918
          
      
       
          _DLOG_4CH_update
          0x3f7923
          
      
       
          code_start
          0x3f7ff6
          
      
       
          _CpuTimer2
          0x9848
          
      
       
          _CpuTimer0
          0x9850
          
      
       
          _CpuTimer1
          0x9840
          
      
       
          _InitCpuTimers
          0x3f784c
          
      
       
          _ConfigCpuTimer
          0x3f788d
          
      
       
          _GpioCtrlRegs
          0x6f80
          
      
       
          _PieVectTable
          0xd00
          
      
       
          _EmuBMode
          0xd01
          
      
       
          _CsmRegs
          0xae0
          
      
       
          _ECanaLAMRegs
          0x6040
          
      
       
          _AdcResult
          0xb00
          
      
       
          _EPwm4Regs
          0x68c0
          
      
       
          _CpuTimer1Regs
          0xc08
          
      
       
          _SysCtrlRegs
          0x7010
          
      
       
          _EPwm5Regs
          0x6900
          
      
       
          _SpiaRegs
          0x7040
          
      
       
          _ECanaMOTSRegs
          0x6080
          
      
       
          _FlashRegs
          0xa80
          
      
       
          _CpuTimer0Regs
          0xc00
          
      
       
          _DevEmuRegs
          0x880
          
      
       
          _EPwm6Regs
          0x6940
          
      
       
          _Comp1Regs
          0x6400
          
      
       
          _SciaRegs
          0x7050
          
      
       
          _GpioDataRegs
          0x6fc0
          
      
       
          _CsmPwl
          0x3f7ff8
          
      
       
          _AdcRegs
          0x7100
          
      
       
          _EPwm7Regs
          0x6980
          
      
       
          _Comp2Regs
          0x6420
          
      
       
          _XIntruptRegs
          0x7070
          
      
       
          _CpuTimer2Regs
          0xc10
          
      
       
          _PieCtrlRegs
          0xce0
          
      
       
          _SpibRegs
          0x7740
          
      
       
          _ECanaRegs
          0x6000
          
      
       
          _Comp3Regs
          0x6440
          
      
       
          _ECap1Regs
          0x6a00
          
      
       
          _EmuKey
          0xd00
          
      
       
          _LinaRegs
          0x6c00
          
      
       
          _Cla1Regs
          0x1400
          
      
       
          _EQep1Regs
          0x6b00
          
      
       
          _EPwm1Regs
          0x6800
          
      
       
          _GpioIntRegs
          0x6fe0
          
      
       
          _PartIdRegs
          0x3d7e80
          
      
       
          _Flash_CPUScaleFactor
          0xd04
          
      
       
          _EPwm2Regs
          0x6840
          
      
       
          _ECanaMboxes
          0x6100
          
      
       
          _NmiIntruptRegs
          0x7060
          
      
       
          _ECanaMOTORegs
          0x60c0
          
      
       
          _Flash_CallbackPtr
          0xd02
          
      
       
          _EPwm3Regs
          0x6880
          
      
       
          _I2caRegs
          0x7900
          
      
       
          _DSP28x_usDelay
          0x8064
          
      
       
          _DeviceInit
          0x3f750f
          
      
       
          _MemCopy
          0x3f76b9
          
      
       
          _PieCntlInit
          0x3f767c
          
      
       
          _WDogDisable
          0x3f763a
          
      
       
          _PieVectTableInit
          0x3f769b
          
      
       
          _InitFlash
          0x8049
          
      
       
          _PLLset
          0x3f7642
          
      
       
          _ISR_ILLEGAL
          0x3f7ae7
          
      
       
          _MainISR
          0x8000
          
      
       
          _SpeedLoopFlag
          0x9657
          
      
       
          _main
          0x3f6000
          
      
       
          _sprang
          0x9660
          
      
       
          _DlogCh1
          0x9658
          
      
       
          _DlogCh3
          0x9654
          
      
       
          _DlogCh2
          0x9656
          
      
       
          _DlogCh4
          0x9655
          
      
       
          _ACQPS
          0x9710
          
      
       
          _qep1
          0x9780
          
      
       
          _DesiredSpeed
          0x9676
          
      
       
          _GPR0_BLDC_PWM
          0x9643
          
      
       
          _TotalRounds
          0x9678
          
      
       
          _qepMeasure
          0x3f701f
          
      
       
          _RoundsFlag
          0x9645
          
      
       
          _MeanCurrent2
          0x9686
          
      
       
          _testVariable
          0x9664
          
      
       
          _B_Task_Ptr
          0x9694
          
      
       
          _CurrentSet
          0x9680
          
      
       
          _CmtnPeriodTarget
          0x96a8
          
      
       
          _SpeedRef
          0x9684
          
      
       
          _tempIdc
          0x9682
          
      
       
          _speed1
          0x9752
          
      
       
          _speed2
          0x9766
          
      
       
          _Start
          0x965f
          
      
       
          _HallGpioBitC
          0x964f
          
      
       
          _HallGpioBitB
          0x9650
          
      
       
          _HallGpioBitA
          0x9644
          
      
       
          _currentOperation
          0x9653
          
      
       
          _IsrTicker
          0x967c
          
      
       
          _ILoopFlag
          0x9659
          
      
       
          _CurrentLoopFlag
          0x965c
          
      
       
          _VTimer1
          0x96b4
          
      
       
          _VTimer0
          0x96b8
          
      
       
          _VTimer2
          0x96bc
          
      
       
          _DCbus_current
          0x967e
          
      
       
          _pid1_spd
          0x97d8
          
      
       
          _impl1
          0x96cc
          
      
       
          _PreviousState
          0x9648
          
      
       
          _RevolutionPeriod
          0x966c
          
      
       
          _C_Task_Ptr
          0x969a
          
      
       
          _A_Task_Ptr
          0x9692
          
      
       
          _mod1
          0x96d2
          
      
       
          _Period
          0x9640
          
      
       
          _DFuncDesired
          0x965a
          
      
       
          _SumCurrent
          0x968c
          
      
       
          _pwm1
          0x96c0
          
      
       
          _Alpha_State_Ptr
          0x9698
          
      
       
          _CmtnPeriodSetpt
          0x969e
          
      
       
          _TrigSel
          0x9700
          
      
       
          _RampDelay
          0x969c
          
      
       
          _IsSettled
          0x9642
          
      
       
          _HallPointer
          0x9651
          
      
       
          _test
          0x968e
          
      
       
          _RunForward
          0x9646
          
      
       
          _DfuncTesting
          0x965b
          
      
       
          _hall1
          0x9740
          
      
       
          _initValues
          0x3f70d5
          
      
       
          _pid1_idc
          0x97c0
          
      
       
          _dlog
          0x9796
          
      
       
          _Tmp
          0x96a6
          
      
       
          _CurrentOffset
          0x96a2
          
      
       
          _rc1
          0x9720
          
      
       
          _pwmdac1
          0x96c6
          
      
       
          _cmtn1
          0x9800
          
      
       
          _B3
          0x3f653c
          
      
       
          _B2
          0x3f6536
          
      
       
          _B1
          0x3f6510
          
      
       
          _B0
          0x3f64e8
          
      
       
          _currentDirection
          0x964e
          
      
       
          _temp
          0x9696
          
      
       
          _A3
          0x3f650a
          
      
       
          _A2
          0x3f6504
          
      
       
          _A1
          0x3f64fe
          
      
       
          _A0
          0x3f64cf
          
      
       
          _peak
          0x96a0
          
      
       
          _ePWM
          0x96ee
          
      
       
          _AlignDuty
          0x9690
          
      
       
          _BackTicker
          0x9647
          
      
       
          _SettleCounter
          0x967a
          
      
       
          _rmp2
          0x96d8
          
      
       
          _rmp3
          0x96e2
          
      
       
          _EnableFlag
          0x965e
          
      
       
          _Astrom
          0x964c
          
      
       
          _DesiredCurrent
          0x9674
          
      
       
          _AlignFlag
          0x964a
          
      
       
          _timerFreq
          0x96aa
          
      
       
          _RampCounter
          0x9670
          
      
       
          _eCAP
          0x96ac
          
      
       
          _CurrentCounter
          0x966e
          
      
       
          _MeanCurrent
          0x9688
          
      
       
          _RPM
          0x96a4
          
      
       
          _eQEP
          0x96b0
          
      
       
          _ChSel
          0x9730
          
      
       
          _LoopCount
          0x964b
          
      
       
          _Run
          0x3f6542
          
      
       
          _SumCurrent2
          0x968a
          
      
       
          _HVDMC_Protection
          0x3f74c9
          
      
       
          _CurrentPeriod
          0x966a
          
      
       
          _SerialCommsTimer
          0x964d
          
      
       
          _VirtualTimer
          0x9672
          
      
       
          _AstromSwitch
          0x9641
          
      
       
          _Counter2
          0x9668
          
      
       
          _i
          0x9652
          
      
       
          _T
          0x9662
          
      
       
          _DesiredRounds
          0x9666
          
      
       
          _CalcCurrent
          0x3f7481
          
      
       
          _TripFlagDMC
          0x9649
          
      
       
          _ClosedLoopFlag
          0x965d
          
      
       
          __IQ24div
          0x3f7d86
          
      
       
          _IQ16mpyRndSatTable
          0x3fea90
          
      
       
          _IQ24mpyRndSatTable
          0x3fea30
          
      
       
          _IQ13mpyRndSatTable
          0x3feab4
          
      
       
          _IQ21mpyRndSatTable
          0x3fea54
          
      
       
          _IQ10mpyRndSatTable
          0x3fead8
          
      
       
          _IQdivTable
          0x3fe510
          
      
       
          _IQ9mpyRndSatTable
          0x3feae4
          
      
       
          _IQ6mpyRndSatTable
          0x3feb08
          
      
       
          _IQatan2TableEnd
          0x3fe9e8
          
      
       
          _IQdivTableEnd
          0x3fe712
          
      
       
          _IQ29mpyRndSatTable
          0x3fe9f4
          
      
       
          _IQ3mpyRndSatTable
          0x3feb2c
          
      
       
          _IQ18mpyRndSatTable
          0x3fea78
          
      
       
          _IQ26mpyRndSatTable
          0x3fea18
          
      
       
          _IQcosTableEnd
          0x3fe502
          
      
       
          _IQsinTableEnd
          0x3fe400
          
      
       
          _IQ15mpyRndSatTable
          0x3fea9c
          
      
       
          _IQ23mpyRndSatTable
          0x3fea3c
          
      
       
          _IQ12mpyRndSatTable
          0x3feac0
          
      
       
          _IQ20mpyRndSatTable
          0x3fea60
          
      
       
          _IQisqrtTableEnd
          0x3fe824
          
      
       
          _IQ8mpyRndSatTable
          0x3feaf0
          
      
       
          _IQisqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ5mpyRndSatTable
          0x3feb14
          
      
       
          _IQmpyRndSatTable
          0x3fe9e8
          
      
       
          _IQ28mpyRndSatTable
          0x3fea00
          
      
       
          _IQatan2Table
          0x3fe862
          
      
       
          _IQ2mpyRndSatTable
          0x3feb38
          
      
       
          _IQatan2HalfPITable
          0x3fe824
          
      
       
          _IQ17mpyRndSatTable
          0x3fea84
          
      
       
          _IQ25mpyRndSatTable
          0x3fea24
          
      
       
          _IQsqrtTable
          0x3fe722
          
      
       
          _IQsqrtTableEnd
          0x3fe824
          
      
       
          _IQ14mpyRndSatTable
          0x3feaa8
          
      
       
          _IQ22mpyRndSatTable
          0x3fea48
          
      
       
          _IQ30mpyRndSatTable
          0x3fe9e8
          
      
       
          _IQsqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ11mpyRndSatTable
          0x3feacc
          
      
       
          _IQdivRoundSatTable
          0x3fe502
          
      
       
          _IQ7mpyRndSatTable
          0x3feafc
          
      
       
          _IQcosTable
          0x3fe100
          
      
       
          _IQisqrtTable
          0x3fe722
          
      
       
          _IQ4mpyRndSatTable
          0x3feb20
          
      
       
          _IQ19mpyRndSatTable
          0x3fea6c
          
      
       
          _IQ27mpyRndSatTable
          0x3fea0c
          
      
       
          _IQmpyRndSatTableEnd
          0x3feb50
          
      
       
          _IQ1mpyRndSatTable
          0x3feb44
          
      
       
          _IQsinTable
          0x3fe000
          
      
       
          _c_int00
          0x3f7963
          
      
       
          __stack
          0x50
          
      
       
          C$$EXIT
          0x3f7a84
          
      
       
          _exit
          0x3f7a86
          
      
       
          ___TI_cleanup_ptr
          0x9832
          
      
       
          _abort
          0x3f7a84
          
      
       
          ___TI_dtors_ptr
          0x9834
          
      
       
          FD$$MPY
          0x3f76ce
          
      
       
          FD$$TOL
          0x3f79fa
          
      
       
          FS$$ADD
          0x3f77d9
          
      
       
          FS$$SUB
          0x3f77d4
          
      
       
          FS$$DIV
          0x3f7751
          
      
       
          FS$$MPY
          0x3f78be
          
      
       
          FS$$TOFD
          0x3f7a19
          
      
       
          FS$$TOL
          0x3f79d1
          
      
       
          UL$$MOD
          0x3f79cb
          
      
       
          L$$MOD
          0x3f79b6
          
      
       
          L$$DIV
          0x3f79a7
          
      
       
          UL$$DIV
          0x3f79c4
          
      
       
          __unlock
          0x9838
          
      
       
          __lock
          0x9836
          
      
       
          __register_lock
          0x3f7ada
          
      
       
          __nop
          0x3f7ade
          
      
       
          __register_unlock
          0x3f7ad6
          
      
       
          L$$TOFD
          0x3f7a35
          
      
       
          L$$TOFS
          0x3f7a51
          
      
       
          UL$$TOFD
          0x3f7a9d
          
      
       
          UL$$TOFS
          0x3f7ab3
          
      
       
          U$$TOFS
          0x3f7ac6
          
      
       
          __args_main
          0x3f7a6b
          
      
   
    Link successful
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    TMS320C2000 Linker PC v6.4.2
    Copyright (c) 1996-2015 Texas Instruments Incorporated
    0x557c5dce
    0x0
    HVPM_Sensored.out
    
       _c_int00
       0x3f6a23
   
    
       
          .\
          object
          DLOG4CHC.obj
          DLOG4CHC.obj
      
       
          .\
          object
          DSP2803x_CodeStartBranch.obj
          DSP2803x_CodeStartBranch.obj
      
       
          .\
          object
          DSP2803x_GlobalVariableDefs.obj
          DSP2803x_GlobalVariableDefs.obj
      
       
          .\
          object
          DSP2803x_usDelay.obj
          DSP2803x_usDelay.obj
      
       
          .\
          object
          HVPM_Sensored-DevInit_F2803x.obj
          HVPM_Sensored-DevInit_F2803x.obj
      
       
          .\
          object
          HVPM_Sensored.obj
          HVPM_Sensored.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQ24cosPU.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQ24sinPU.obj
      
       
          C:\ti\controlSUITE\libs\math\IQmath\v15c\lib\
          archive
          IQmath.lib
          IQmathTables.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          boot.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          exit.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fd_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_add.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_cmp.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_div.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_mpy.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tofd.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tol.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          fs_tou.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          _lock.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          l_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          ul_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          u_tofs.obj
      
       
          C:\ti\ccsv6\tools\compiler\ti-cgt-c2000_6.4.2\lib\
          archive
          rts2800_ml.lib
          args_main.obj
      
   
    
       
          PieVectTableFile
          true
          0xd00
          0x100
          
      
       
          EmuKeyVar
          true
          0xd00
          0x1
          
      
       
          EmuBModeVar
          true
          0xd01
          0x1
          
      
       
          FlashCallbackVar
          true
          0xd02
          0x2
          
      
       
          FlashScalingVar
          true
          0xd04
          0x2
          
      
       
          DevEmuRegsFile
          true
          0x880
          0x4
          
      
       
          FlashRegsFile
          true
          0xa80
          0x8
          
      
       
          CsmRegsFile
          true
          0xae0
          0x10
          
      
       
          AdcResultFile
          true
          0xb00
          0x20
          
      
       
          CpuTimer0RegsFile
          true
          0xc00
          0x8
          
      
       
          CpuTimer1RegsFile
          true
          0xc08
          0x8
          
      
       
          CpuTimer2RegsFile
          true
          0xc10
          0x8
          
      
       
          PieCtrlRegsFile
          true
          0xce0
          0x1a
          
      
       
          Cla1RegsFile
          true
          0x1400
          0x40
          
      
       
          ECanaRegsFile
          true
          0x6000
          0x34
          
      
       
          ECanaLAMRegsFile
          true
          0x6040
          0x40
          
      
       
          ECanaMboxesFile
          true
          0x6100
          0x100
          
      
       
          ECanaMOTSRegsFile
          true
          0x6080
          0x40
          
      
       
          ECanaMOTORegsFile
          true
          0x60c0
          0x40
          
      
       
          ECap1RegsFile
          true
          0x6a00
          0x20
          
      
       
          EQep1RegsFile
          true
          0x6b00
          0x40
          
      
       
          LinaRegsFile
          true
          0x6c00
          0x4a
          
      
       
          GpioCtrlRegsFile
          true
          0x6f80
          0x40
          
      
       
          GpioDataRegsFile
          true
          0x6fc0
          0x20
          
      
       
          GpioIntRegsFile
          true
          0x6fe0
          0xc
          
      
       
          SysCtrlRegsFile
          true
          0x7010
          0x20
          
      
       
          SpiaRegsFile
          true
          0x7040
          0x10
          
      
       
          SpibRegsFile
          true
          0x7740
          0x10
          
      
       
          SciaRegsFile
          true
          0x7050
          0x10
          
      
       
          NmiIntruptRegsFile
          true
          0x7060
          0x10
          
      
       
          XIntruptRegsFile
          true
          0x7070
          0x10
          
      
       
          AdcRegsFile
          true
          0x7100
          0x50
          
      
       
          I2caRegsFile
          true
          0x7900
          0x22
          
      
       
          Comp1RegsFile
          true
          0x6400
          0x14
          
      
       
          Comp2RegsFile
          true
          0x6420
          0x14
          
      
       
          Comp3RegsFile
          true
          0x6440
          0x14
          
      
       
          EPwm1RegsFile
          true
          0x6800
          0x40
          
      
       
          EPwm2RegsFile
          true
          0x6840
          0x40
          
      
       
          EPwm3RegsFile
          true
          0x6880
          0x40
          
      
       
          EPwm4RegsFile
          true
          0x68c0
          0x40
          
      
       
          EPwm5RegsFile
          true
          0x6900
          0x40
          
      
       
          EPwm6RegsFile
          true
          0x6940
          0x40
          
      
       
          EPwm7RegsFile
          true
          0x6980
          0x40
          
      
       
          CsmPwlFile
          true
          0x3f7ff8
          0x8
          
      
       
          PartIdRegsFile
          true
          0x3d7e80
          0x1
          
      
       
          .cinit
          0x3f6b84
          0x3f6b84
          0x1df
          
      
       
          .cinit
          0x3f6d63
          0x3f6d63
          0xa
          
      
       
          .cinit:__lock
          0x3f6d6d
          0x3f6d6d
          0x5
          
      
       
          .cinit:__unlock
          0x3f6d72
          0x3f6d72
          0x5
          
      
       
          .text
          0x3f6000
          0x3f6000
          0x63f
          
      
       
          .text
          0x3f663f
          0x3f663f
          0x1c1
          
      
       
          .text
          0x3f6800
          0x3f6800
          0x83
          
      
       
          .text
          0x3f6883
          0x3f6883
          0x83
          
      
       
          .text
          0x3f6906
          0x3f6906
          0x78
          
      
       
          .text
          0x3f697e
          0x3f697e
          0x5a
          
      
       
          .text
          0x3f69d8
          0x3f69d8
          0x4b
          
      
       
          .text
          0x3f6a23
          0x3f6a23
          0x44
          
      
       
          .text
          0x3f6a67
          0x3f6a67
          0x29
          
      
       
          .text
          0x3f6a90
          0x3f6a90
          0x1f
          
      
       
          .text
          0x3f6aaf
          0x3f6aaf
          0x1d
          
      
       
          .text
          0x3f6acc
          0x3f6acc
          0x1c
          
      
       
          .text
          0x3f6ae8
          0x3f6ae8
          0x1a
          
      
       
          .text
          0x3f6b02
          0x3f6b02
          0x19
          
      
       
          .text
          0x3f6b1b
          0x3f6b1b
          0x19
          
      
       
          .text
          0x3f6b34
          0x3f6b34
          0x17
          
      
       
          .text
          0x3f6b4b
          0x3f6b4b
          0x13
          
      
       
          .text
          0x3f6b5e
          0x3f6b5e
          0x10
          
      
       
          .text
          0x3f6b6e
          0x3f6b6e
          0x9
          
      
       
          .text
          0x3f6b77
          0x3f6b77
          0x8
          
      
       
          .text:retain
          0x3f6b7f
          0x3f6b7f
          0x5
          
      
       
          codestart
          0x3f7ff6
          0x3f7ff6
          0x2
          
      
       
          ramfuncs:retain
          0x3f0000
          0x8000
          0x4ac
          
      
       
          ramfuncs
          0x3f04ac
          0x84ac
          0x1b
          
      
       
          ramfuncs
          0x3f04c7
          0x84c7
          0x4
          
      
       
          .stack
          true
          0x50
          0x0
          
      
       
          .stack
          true
          0x50
          0x0
      
       
          .ebss
          true
          0x9340
          0x198
          
      
       
          .ebss
          true
          0x9320
          0x4
          
      
       
          .ebss:__unlock
          true
          0x9326
          0x2
          
      
       
          .ebss:__lock
          true
          0x9324
          0x2
          
      
       
          .econst
          0x3f6dca
          0x3f6dca
          0xc
          
      
       
          IQmath
          0x3f6d79
          0x3f6d79
          0x29
          
      
       
          IQmath
          0x3f6da2
          0x3f6da2
          0x27
          
      
       
          IQmathTables
          0x3fe000
          0x3fe000
          0xb50
          
      
       
          .reset
          0x3fffc0
          0x3fffc0
          0x2
          
      
       
          DLOG
          true
          0x9000
          0x320
          
      
       
          .debug_info
          0x0
          0x0
          0xfd
          
      
       
          .debug_info
          0xfd
          0xfd
          0x1f3
          
      
       
          .debug_info
          0x2f0
          0x2f0
          0x138d4
          
      
       
          .debug_info
          0x13bc4
          0x13bc4
          0xf4
          
      
       
          .debug_info
          0x13cb8
          0x13cb8
          0x467c
          
      
       
          .debug_info
          0x18334
          0x18334
          0x8fcb
          
      
       
          .debug_info
          0x212ff
          0x212ff
          0x112
          
      
       
          .debug_info
          0x21411
          0x21411
          0x407
          
      
       
          .debug_info
          0x21818
          0x21818
          0xf4
          
      
       
          .debug_info
          0x2190c
          0x2190c
          0xf4
          
      
       
          .debug_info
          0x21a00
          0x21a00
          0xf4
          
      
       
          .debug_info
          0x21af4
          0x21af4
          0xf4
          
      
       
          .debug_info
          0x21be8
          0x21be8
          0xf4
          
      
       
          .debug_info
          0x21cdc
          0x21cdc
          0xf4
          
      
       
          .debug_info
          0x21dd0
          0x21dd0
          0xf7
          
      
       
          .debug_info
          0x21ec7
          0x21ec7
          0x100
          
      
       
          .debug_info
          0x21fc7
          0x21fc7
          0x100
          
      
       
          .debug_info
          0x220c7
          0x220c7
          0x431
          
      
       
          .debug_info
          0x224f8
          0x224f8
          0xfa
          
      
       
          .debug_info
          0x225f2
          0x225f2
          0xf7
          
      
       
          .debug_info
          0x226e9
          0x226e9
          0xf4
          
      
       
          .debug_info
          0x227dd
          0x227dd
          0x3fe
          
      
       
          .debug_info
          0x22bdb
          0x22bdb
          0xab
      
       
          .debug_line
          0x0
          0x0
          0x7f
          
      
       
          .debug_line
          0x7f
          0x7f
          0xa3
          
      
       
          .debug_line
          0x122
          0x122
          0x48
          
      
       
          .debug_line
          0x16a
          0x16a
          0x1ec
          
      
       
          .debug_line
          0x356
          0x356
          0x377
          
      
       
          .debug_line
          0x6cd
          0x6cd
          0x73
          
      
       
          .debug_line
          0x740
          0x740
          0x5d
          
      
       
          .debug_line
          0x79d
          0x79d
          0xa2
          
      
       
          .debug_line
          0x83f
          0x83f
          0x58
          
      
       
          .debug_line
          0x897
          0x897
          0xa9
          
      
       
          .debug_line
          0x940
          0x940
          0x52
          
      
       
          .debug_line
          0x992
          0x992
          0xab
          
      
       
          .debug_line
          0xa3d
          0xa3d
          0x8d
          
      
       
          .debug_line
          0xaca
          0xaca
          0x56
          
      
       
          .debug_line
          0xb20
          0xb20
          0x60
          
      
       
          .debug_line
          0xb80
          0xb80
          0x56
          
      
       
          .debug_line
          0xbd6
          0xbd6
          0x5e
          
      
       
          .debug_line
          0xc34
          0xc34
          0x53
          
      
       
          .debug_line
          0xc87
          0xc87
          0x4f
          
      
       
          .debug_line
          0xcd6
          0xcd6
          0x49
          
      
       
          .debug_line
          0xd1f
          0xd1f
          0x59
          
      
       
          .debug_abbrev
          0x0
          0x0
          0x2e
          
      
       
          .debug_abbrev
          0x2e
          0x2e
          0x20
          
      
       
          .debug_abbrev
          0x4e
          0x4e
          0xb7
          
      
       
          .debug_abbrev
          0x105
          0x105
          0x2e
          
      
       
          .debug_abbrev
          0x133
          0x133
          0x17f
          
      
       
          .debug_abbrev
          0x2b2
          0x2b2
          0x1be
          
      
       
          .debug_abbrev
          0x470
          0x470
          0x45
          
      
       
          .debug_abbrev
          0x4b5
          0x4b5
          0x117
          
      
       
          .debug_abbrev
          0x5cc
          0x5cc
          0x37
          
      
       
          .debug_abbrev
          0x603
          0x603
          0x37
          
      
       
          .debug_abbrev
          0x63a
          0x63a
          0x37
          
      
       
          .debug_abbrev
          0x671
          0x671
          0x37
          
      
       
          .debug_abbrev
          0x6a8
          0x6a8
          0x37
          
      
       
          .debug_abbrev
          0x6df
          0x6df
          0x37
          
      
       
          .debug_abbrev
          0x716
          0x716
          0x37
          
      
       
          .debug_abbrev
          0x74d
          0x74d
          0x37
          
      
       
          .debug_abbrev
          0x784
          0x784
          0x37
          
      
       
          .debug_abbrev
          0x7bb
          0x7bb
          0xb2
          
      
       
          .debug_abbrev
          0x86d
          0x86d
          0x37
          
      
       
          .debug_abbrev
          0x8a4
          0x8a4
          0x37
          
      
       
          .debug_abbrev
          0x8db
          0x8db
          0x37
          
      
       
          .debug_abbrev
          0x912
          0x912
          0xfe
          
      
       
          .debug_abbrev
          0xa10
          0xa10
          0xf
      
       
          .debug_aranges
          0x0
          0x0
          0x20
          
      
       
          .debug_aranges
          0x20
          0x20
          0x28
          
      
       
          .debug_aranges
          0x48
          0x48
          0x20
          
      
       
          .debug_aranges
          0x68
          0x68
          0x58
          
      
       
          .debug_aranges
          0xc0
          0xc0
          0x98
          
      
       
          .debug_aranges
          0x158
          0x158
          0x20
          
      
       
          .debug_aranges
          0x178
          0x178
          0x28
          
      
       
          .debug_aranges
          0x1a0
          0x1a0
          0x20
          
      
       
          .debug_aranges
          0x1c0
          0x1c0
          0x20
          
      
       
          .debug_aranges
          0x1e0
          0x1e0
          0x20
          
      
       
          .debug_aranges
          0x200
          0x200
          0x20
          
      
       
          .debug_aranges
          0x220
          0x220
          0x20
          
      
       
          .debug_aranges
          0x240
          0x240
          0x20
          
      
       
          .debug_aranges
          0x260
          0x260
          0x20
          
      
       
          .debug_aranges
          0x280
          0x280
          0x20
          
      
       
          .debug_aranges
          0x2a0
          0x2a0
          0x20
          
      
       
          .debug_aranges
          0x2c0
          0x2c0
          0x30
          
      
       
          .debug_aranges
          0x2f0
          0x2f0
          0x20
          
      
       
          .debug_aranges
          0x310
          0x310
          0x20
          
      
       
          .debug_aranges
          0x330
          0x330
          0x20
          
      
       
          .debug_aranges
          0x350
          0x350
          0x20
          
      
       
          .debug_frame
          0x0
          0x0
          0x11e
          
      
       
          .debug_frame
          0x11e
          0x11e
          0x23d
          
      
       
          .debug_frame
          0x35b
          0x35b
          0x95
          
      
       
          .debug_frame
          0x3f0
          0x3f0
          0xa1
          
      
       
          .debug_frame
          0x491
          0x491
          0x77
          
      
   
    
       
          PieVectTableFile
          0xd00
          0x100
          
             
         
      
       
          EmuKeyVar
          0xd00
          0x1
          
             
         
      
       
          EmuBModeVar
          0xd01
          0x1
          
             
         
      
       
          FlashCallbackVar
          0xd02
          0x2
          
             
         
      
       
          FlashScalingVar
          0xd04
          0x2
          
             
         
      
       
          GROUP_2
          0xd00
          0x6
          
             
             
             
             
         
      
       
          UNION_1
          0xd00
          0x100
          
             
             
         
      
       
          DevEmuRegsFile
          0x880
          0x4
          
             
         
      
       
          SysPwrCtrlRegsFile
          0x0
          0x0
          
         
      
       
          FlashRegsFile
          0xa80
          0x8
          
             
         
      
       
          CsmRegsFile
          0xae0
          0x10
          
             
         
      
       
          AdcResultFile
          0xb00
          0x20
          
             
         
      
       
          CpuTimer0RegsFile
          0xc00
          0x8
          
             
         
      
       
          CpuTimer1RegsFile
          0xc08
          0x8
          
             
         
      
       
          CpuTimer2RegsFile
          0xc10
          0x8
          
             
         
      
       
          PieCtrlRegsFile
          0xce0
          0x1a
          
             
         
      
       
          Cla1RegsFile
          0x1400
          0x40
          
             
         
      
       
          ECanaRegsFile
          0x6000
          0x34
          
             
         
      
       
          ECanaLAMRegsFile
          0x6040
          0x40
          
             
         
      
       
          ECanaMboxesFile
          0x6100
          0x100
          
             
         
      
       
          ECanaMOTSRegsFile
          0x6080
          0x40
          
             
         
      
       
          ECanaMOTORegsFile
          0x60c0
          0x40
          
             
         
      
       
          ECap1RegsFile
          0x6a00
          0x20
          
             
         
      
       
          EQep1RegsFile
          0x6b00
          0x40
          
             
         
      
       
          LinaRegsFile
          0x6c00
          0x4a
          
             
         
      
       
          GpioCtrlRegsFile
          0x6f80
          0x40
          
             
         
      
       
          GpioDataRegsFile
          0x6fc0
          0x20
          
             
         
      
       
          GpioIntRegsFile
          0x6fe0
          0xc
          
             
         
      
       
          SysCtrlRegsFile
          0x7010
          0x20
          
             
         
      
       
          SpiaRegsFile
          0x7040
          0x10
          
             
         
      
       
          SpibRegsFile
          0x7740
          0x10
          
             
         
      
       
          SciaRegsFile
          0x7050
          0x10
          
             
         
      
       
          NmiIntruptRegsFile
          0x7060
          0x10
          
             
         
      
       
          XIntruptRegsFile
          0x7070
          0x10
          
             
         
      
       
          AdcRegsFile
          0x7100
          0x50
          
             
         
      
       
          I2caRegsFile
          0x7900
          0x22
          
             
         
      
       
          Comp1RegsFile
          0x6400
          0x14
          
             
         
      
       
          Comp2RegsFile
          0x6420
          0x14
          
             
         
      
       
          Comp3RegsFile
          0x6440
          0x14
          
             
         
      
       
          EPwm1RegsFile
          0x6800
          0x40
          
             
         
      
       
          EPwm2RegsFile
          0x6840
          0x40
          
             
         
      
       
          EPwm3RegsFile
          0x6880
          0x40
          
             
         
      
       
          EPwm4RegsFile
          0x68c0
          0x40
          
             
         
      
       
          EPwm5RegsFile
          0x6900
          0x40
          
             
         
      
       
          EPwm6RegsFile
          0x6940
          0x40
          
             
         
      
       
          EPwm7RegsFile
          0x6980
          0x40
          
             
         
      
       
          CsmPwlFile
          0x3f7ff8
          0x8
          
             
         
      
       
          PartIdRegsFile
          0x3d7e80
          0x1
          
             
         
      
       
          .cinit
          0x3f6b84
          0x3f6b84
          0x1f5
          
             
             
             
             
         
      
       
          .pinit
          0x0
          0x0
          
         
      
       
          .text
          0x3f6000
          0x3f6000
          0xb84
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          codestart
          0x3f7ff6
          0x3f7ff6
          0x2
          
             
         
      
       
          ramfuncs
          0x3f0000
          0x8000
          0x4cb
          
             
             
             
         
      
       
          csmpasswds
          0x0
          0x0
          
         
      
       
          csm_rsvd
          0x0
          0x0
          
         
      
       
          .stack
          0x50
          0x380
          
             
             
         
      
       
          .ebss
          0x9320
          0x1b8
          
             
             
             
             
         
      
       
          .esysmem
          0x0
          0x0
          
         
      
       
          .econst
          0x3f6dca
          0x3f6dca
          0xc
          
             
         
      
       
          .switch
          0x0
          0x0
          
         
      
       
          IQmath
          0x3f6d79
          0x3f6d79
          0x50
          
             
             
         
      
       
          IQmathTables
          0x3fe000
          0x3fe000
          0xb50
          
             
         
      
       
          Cla1ToCpuMsgRAM
          0x0
          0x0
          
         
      
       
          CpuToCla1MsgRAM
          0x0
          0x0
          
         
      
       
          .reset
          0x3fffc0
          0x3fffc0
          0x2
          
             
         
      
       
          vectors
          0x3fffc2
          0x0
          
         
      
       
          DLOG
          0x9000
          0x320
          
             
         
      
       
          .debug_info
          0x0
          0x0
          0x22c86
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_line
          0x0
          0x0
          0xd78
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_abbrev
          0x0
          0x0
          0xa1f
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_aranges
          0x0
          0x0
          0x370
          
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
      
       
          .debug_frame
          0x0
          0x0
          0x508
          
             
             
             
             
             
         
      
   
    
       
          progRAM
          0x0
          0x8000
          0x1000
          0x4cb
          0xb35
          RWIX
          
             
                0x8000
                0x4cb
                
            
             
                0x84cb
                0xb35
            
         
      
       
          OTP
          0x0
          0x3d7800
          0x400
          0x0
          0x400
          RWIX
          
         
      
       
          FLASHH
          0x0
          0x3e8000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHG
          0x0
          0x3ea000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHF
          0x0
          0x3ec000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHE
          0x0
          0x3ee000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHD
          0x0
          0x3f0000
          0x2000
          0x4cb
          0x1b35
          RWIX
          
             
                0x3f0000
                0x4cb
                
            
             
                0x3f04cb
                0x1b35
            
         
      
       
          FLASHC
          0x0
          0x3f2000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          FLASHA
          0x0
          0x3f6000
          0x1f80
          0xdd5
          0x11ab
          RWIX
          
             
                0x3f6000
                0xb84
                
            
             
                0x3f6b84
                0x1f5
                
            
             
                0x3f6d79
                0x50
                
            
             
                0x3f6dc9
                0x1
            
             
                0x3f6dca
                0xc
                
            
             
                0x3f6dd6
                0x11aa
            
         
      
       
          CSM_RSVD
          0x0
          0x3f7f80
          0x76
          0x0
          0x76
          RWIX
          
         
      
       
          BEGIN
          0x0
          0x3f7ff6
          0x2
          0x2
          0x0
          RWIX
          
             
                0x3f7ff6
                0x2
                
            
         
      
       
          CSM_PWL
          0x0
          0x3f7ff8
          0x8
          0x0
          0x8
          RWIX
          
         
      
       
          IQTABLES
          0x0
          0x3fe000
          0xb50
          0xb50
          0x0
          RWIX
          
             
                0x3fe000
                0xb50
                
            
         
      
       
          IQTABLES2
          0x0
          0x3feb50
          0x8c
          0x0
          0x8c
          RWIX
          
         
      
       
          IQTABLES3
          0x0
          0x3febdc
          0xaa
          0x0
          0xaa
          RWIX
          
         
      
       
          BOOTROM
          0x0
          0x3ff27c
          0xd44
          0x0
          0xd44
          RWIX
          
         
      
       
          RESET
          0x0
          0x3fffc0
          0x2
          0x0
          0x2
          RWIX
          
         
      
       
          VECTORS
          0x0
          0x3fffc2
          0x3e
          0x0
          0x3e
          RWIX
          
         
      
       
          BOOT_RSVD
          0x1
          0x0
          0x50
          0x0
          0x50
          RWIX
          
         
      
       
          RAMM0
          0x1
          0x50
          0x3b0
          0x380
          0x30
          RWIX
          
             
                0x50
                0x380
                
            
             
                0x3d0
                0x30
            
         
      
       
          RAMM1
          0x1
          0x400
          0x400
          0x0
          0x400
          RWIX
          
         
      
       
          DEV_EMU
          0x1
          0x880
          0x105
          0x4
          0x101
          RWIX
          
             
                0x880
                0x4
                
            
             
                0x884
                0x101
            
         
      
       
          SYS_PWR_CTL
          0x1
          0x985
          0x3
          0x0
          0x3
          RWIX
          
         
      
       
          FLASH_REGS
          0x1
          0xa80
          0x60
          0x8
          0x58
          RWIX
          
             
                0xa80
                0x8
                
            
             
                0xa88
                0x58
            
         
      
       
          CSM
          0x1
          0xae0
          0x10
          0x10
          0x0
          RWIX
          
             
                0xae0
                0x10
                
            
         
      
       
          ADC_RESULT
          0x1
          0xb00
          0x20
          0x20
          0x0
          RWIX
          
             
                0xb00
                0x20
                
            
         
      
       
          CPU_TIMER0
          0x1
          0xc00
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc00
                0x8
                
            
         
      
       
          CPU_TIMER1
          0x1
          0xc08
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc08
                0x8
                
            
         
      
       
          CPU_TIMER2
          0x1
          0xc10
          0x8
          0x8
          0x0
          RWIX
          
             
                0xc10
                0x8
                
            
         
      
       
          PIE_CTRL
          0x1
          0xce0
          0x20
          0x1a
          0x6
          RWIX
          
             
                0xce0
                0x1a
                
            
             
                0xcfa
                0x6
            
         
      
       
          PIE_VECT
          0x1
          0xd00
          0x100
          0x100
          0x0
          RWIX
          
             
                0xd00
                0x100
                
            
         
      
       
          CLA1
          0x1
          0x1400
          0x80
          0x40
          0x40
          RWIX
          
             
                0x1400
                0x40
                
            
             
                0x1440
                0x40
            
         
      
       
          CLA_CPU_MSGRAM
          0x1
          0x1480
          0x80
          0x0
          0x80
          RWIX
          
         
      
       
          CPU_CLA_MSGRAM
          0x1
          0x1500
          0x80
          0x0
          0x80
          RWIX
          
         
      
       
          ECANA
          0x1
          0x6000
          0x40
          0x34
          0xc
          RWIX
          
             
                0x6000
                0x34
                
            
             
                0x6034
                0xc
            
         
      
       
          ECANA_LAM
          0x1
          0x6040
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6040
                0x40
                
            
         
      
       
          ECANA_MOTS
          0x1
          0x6080
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6080
                0x40
                
            
         
      
       
          ECANA_MOTO
          0x1
          0x60c0
          0x40
          0x40
          0x0
          RWIX
          
             
                0x60c0
                0x40
                
            
         
      
       
          ECANA_MBOX
          0x1
          0x6100
          0x100
          0x100
          0x0
          RWIX
          
             
                0x6100
                0x100
                
            
         
      
       
          COMP1
          0x1
          0x6400
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6400
                0x14
                
            
             
                0x6414
                0xc
            
         
      
       
          COMP2
          0x1
          0x6420
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6420
                0x14
                
            
             
                0x6434
                0xc
            
         
      
       
          COMP3
          0x1
          0x6440
          0x20
          0x14
          0xc
          RWIX
          
             
                0x6440
                0x14
                
            
             
                0x6454
                0xc
            
         
      
       
          EPWM1
          0x1
          0x6800
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6800
                0x40
                
            
         
      
       
          EPWM2
          0x1
          0x6840
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6840
                0x40
                
            
         
      
       
          EPWM3
          0x1
          0x6880
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6880
                0x40
                
            
         
      
       
          EPWM4
          0x1
          0x68c0
          0x40
          0x40
          0x0
          RWIX
          
             
                0x68c0
                0x40
                
            
         
      
       
          EPWM5
          0x1
          0x6900
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6900
                0x40
                
            
         
      
       
          EPWM6
          0x1
          0x6940
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6940
                0x40
                
            
         
      
       
          EPWM7
          0x1
          0x6980
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6980
                0x40
                
            
         
      
       
          ECAP1
          0x1
          0x6a00
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6a00
                0x20
                
            
         
      
       
          EQEP1
          0x1
          0x6b00
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6b00
                0x40
                
            
         
      
       
          LINA
          0x1
          0x6c00
          0x80
          0x4a
          0x36
          RWIX
          
             
                0x6c00
                0x4a
                
            
             
                0x6c4a
                0x36
            
         
      
       
          GPIOCTRL
          0x1
          0x6f80
          0x40
          0x40
          0x0
          RWIX
          
             
                0x6f80
                0x40
                
            
         
      
       
          GPIODAT
          0x1
          0x6fc0
          0x20
          0x20
          0x0
          RWIX
          
             
                0x6fc0
                0x20
                
            
         
      
       
          GPIOINT
          0x1
          0x6fe0
          0x20
          0xc
          0x14
          RWIX
          
             
                0x6fe0
                0xc
                
            
             
                0x6fec
                0x14
            
         
      
       
          SYSTEM
          0x1
          0x7010
          0x20
          0x20
          0x0
          RWIX
          
             
                0x7010
                0x20
                
            
         
      
       
          SPIA
          0x1
          0x7040
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7040
                0x10
                
            
         
      
       
          SCIA
          0x1
          0x7050
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7050
                0x10
                
            
         
      
       
          NMIINTRUPT
          0x1
          0x7060
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7060
                0x10
                
            
         
      
       
          XINTRUPT
          0x1
          0x7070
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7070
                0x10
                
            
         
      
       
          ADC
          0x1
          0x7100
          0x80
          0x50
          0x30
          RWIX
          
             
                0x7100
                0x50
                
            
             
                0x7150
                0x30
            
         
      
       
          SPIB
          0x1
          0x7740
          0x10
          0x10
          0x0
          RWIX
          
             
                0x7740
                0x10
                
            
         
      
       
          I2CA
          0x1
          0x7900
          0x40
          0x22
          0x1e
          RWIX
          
             
                0x7900
                0x22
                
            
             
                0x7922
                0x1e
            
         
      
       
          dataRAM
          0x1
          0x9000
          0x1000
          0x4d8
          0xb28
          RWIX
          
             
                0x9000
                0x320
                
            
             
                0x9320
                0x1b8
                
            
             
                0x94d8
                0xb28
            
         
      
       
          PARTID
          0x1
          0x3d7e80
          0x1
          0x1
          0x0
          RWIX
          
             
                0x3d7e80
                0x1
                
            
         
      
       
          FLASHB
          0x1
          0x3f4000
          0x2000
          0x0
          0x2000
          RWIX
          
         
      
       
          CSM_PWL
          0x1
          0x3f7ff8
          0x8
          0x8
          0x0
          RWIX
          
             
                0x3f7ff8
                0x8
                
            
         
      
   
    
       
          _RamfuncsLoadStart
          0x3f0000
      
       
          _RamfuncsLoadEnd
          0x3f04cb
      
       
          _RamfuncsRunStart
          0x8000
      
       
          cinit
          0x3f6b84
      
       
          ___cinit__
          0x3f6b84
      
       
          pinit
          0xffffffff
      
       
          ___pinit__
          0xffffffff
      
       
          binit
          0xffffffff
      
       
          ___binit__
          0xffffffff
      
       
          __STACK_SIZE
          0x380
      
       
          __STACK_END
          0x3d0
      
       
          ___c_args__
          0xffffffff
      
       
          .text
          0x3f6000
      
       
          ___text__
          0x3f6000
      
       
          etext
          0x3f6b84
      
       
          ___etext__
          0x3f6b84
      
       
          _DLOG_4CH_init
          0x3f69d8
          
      
       
          _DLOG_4CH_update
          0x3f69e3
          
      
       
          code_start
          0x3f7ff6
          
      
       
          _GpioCtrlRegs
          0x6f80
          
      
       
          _PieVectTable
          0xd00
          
      
       
          _EmuBMode
          0xd01
          
      
       
          _CsmRegs
          0xae0
          
      
       
          _ECanaLAMRegs
          0x6040
          
      
       
          _AdcResult
          0xb00
          
      
       
          _EPwm4Regs
          0x68c0
          
      
       
          _CpuTimer1Regs
          0xc08
          
      
       
          _SysCtrlRegs
          0x7010
          
      
       
          _EPwm5Regs
          0x6900
          
      
       
          _SpiaRegs
          0x7040
          
      
       
          _ECanaMOTSRegs
          0x6080
          
      
       
          _FlashRegs
          0xa80
          
      
       
          _CpuTimer0Regs
          0xc00
          
      
       
          _DevEmuRegs
          0x880
          
      
       
          _EPwm6Regs
          0x6940
          
      
       
          _Comp1Regs
          0x6400
          
      
       
          _SciaRegs
          0x7050
          
      
       
          _GpioDataRegs
          0x6fc0
          
      
       
          _CsmPwl
          0x3f7ff8
          
      
       
          _AdcRegs
          0x7100
          
      
       
          _EPwm7Regs
          0x6980
          
      
       
          _Comp2Regs
          0x6420
          
      
       
          _XIntruptRegs
          0x7070
          
      
       
          _CpuTimer2Regs
          0xc10
          
      
       
          _PieCtrlRegs
          0xce0
          
      
       
          _SpibRegs
          0x7740
          
      
       
          _ECanaRegs
          0x6000
          
      
       
          _Comp3Regs
          0x6440
          
      
       
          _ECap1Regs
          0x6a00
          
      
       
          _EmuKey
          0xd00
          
      
       
          _LinaRegs
          0x6c00
          
      
       
          _Cla1Regs
          0x1400
          
      
       
          _EQep1Regs
          0x6b00
          
      
       
          _EPwm1Regs
          0x6800
          
      
       
          _GpioIntRegs
          0x6fe0
          
      
       
          _PartIdRegs
          0x3d7e80
          
      
       
          _Flash_CPUScaleFactor
          0xd04
          
      
       
          _EPwm2Regs
          0x6840
          
      
       
          _ECanaMboxes
          0x6100
          
      
       
          _NmiIntruptRegs
          0x7060
          
      
       
          _ECanaMOTORegs
          0x60c0
          
      
       
          _Flash_CallbackPtr
          0xd02
          
      
       
          _EPwm3Regs
          0x6880
          
      
       
          _I2caRegs
          0x7900
          
      
       
          _DSP28x_usDelay
          0x84c7
          
      
       
          _DeviceInit
          0x3f663f
          
      
       
          _MemCopy
          0x3f67eb
          
      
       
          _PieCntlInit
          0x3f67ae
          
      
       
          _WDogDisable
          0x3f676c
          
      
       
          _PieVectTableInit
          0x3f67cd
          
      
       
          _InitFlash
          0x84ac
          
      
       
          _PLLset
          0x3f6774
          
      
       
          _ISR_ILLEGAL
          0x3f6b7f
          
      
       
          _MainISR
          0x8000
          
      
       
          _OffsetISR
          0x843c
          
      
       
          _main
          0x3f6000
          
      
       
          _DlogCh1
          0x9343
          
      
       
          _DlogCh3
          0x9349
          
      
       
          _DlogCh2
          0x9342
          
      
       
          _DlogCh4
          0x934a
          
      
       
          _ACQPS
          0x93ce
          
      
       
          _qep1
          0x946a
          
      
       
          _TotalRounds
          0x9358
          
      
       
          _IqRef
          0x936e
          
      
       
          _Init_IFlag
          0x9340
          
      
       
          _B_Task_Ptr
          0x9370
          
      
       
          _offsetA
          0x9356
          
      
       
          _offsetC
          0x9352
          
      
       
          _offsetB
          0x934e
          
      
       
          _SpeedRef
          0x935a
          
      
       
          _speed1
          0x9440
          
      
       
          _IsrTicker
          0x9360
          
      
       
          _VdTesting
          0x9362
          
      
       
          _clarke1
          0x9398
          
      
       
          _VTimer1
          0x9372
          
      
       
          _VTimer0
          0x9376
          
      
       
          _VTimer2
          0x9380
          
      
       
          _OffsetFlag
          0x9344
          
      
       
          _C_Task_Ptr
          0x936c
          
      
       
          _A_Task_Ptr
          0x9368
          
      
       
          _K2
          0x9354
          
      
       
          _K1
          0x9350
          
      
       
          _pwm1
          0x938e
          
      
       
          _Alpha_State_Ptr
          0x936a
          
      
       
          _IdRef
          0x9364
          
      
       
          _TrigSel
          0x9410
          
      
       
          _rg1
          0x93a2
          
      
       
          _SpeedLoopCount
          0x934d
          
      
       
          _LockRotorFlag
          0x9348
          
      
       
          _pi_spd
          0x9498
          
      
       
          _VqTesting
          0x9366
          
      
       
          _dlog
          0x9454
          
      
       
          _rc1
          0x93ee
          
      
       
          _pwmdac1
          0x9388
          
      
       
          _C3
          0x3f65f3
          
      
       
          _C2
          0x3f65ed
          
      
       
          _C1
          0x3f65c7
          
      
       
          _C0
          0x3f6582
          
      
       
          _B3
          0x3f65c1
          
      
       
          _B2
          0x3f65bb
          
      
       
          _B1
          0x3f65b5
          
      
       
          _B0
          0x3f656c
          
      
       
          _A3
          0x3f65af
          
      
       
          _A2
          0x3f65a9
          
      
       
          _A1
          0x3f6598
          
      
       
          _A0
          0x3f6555
          
      
       
          _ePWM
          0x93de
          
      
       
          _BackTicker
          0x934b
          
      
       
          _EnableFlag
          0x9347
          
      
       
          _pi_id
          0x9480
          
      
       
          _pi_iq
          0x94c0
          
      
       
          _svgen1
          0x9420
          
      
       
          _lsw
          0x9346
          
      
       
          _eCAP
          0x937a
          
      
       
          _ipark1
          0x93ae
          
      
       
          _SpeedLoopPrescaler
          0x934c
          
      
       
          _eQEP
          0x9384
          
      
       
          _ChSel
          0x9400
          
      
       
          _park1
          0x93c0
          
      
       
          _HVDMC_Protection
          0x3f65f9
          
      
       
          _SerialCommsTimer
          0x9345
          
      
       
          _T
          0x935c
          
      
       
          _DesiredRounds
          0x935e
          
      
       
          _TripFlagDMC
          0x9341
          
      
       
          __IQ24cosPU
          0x3f6da2
          
      
       
          __IQ24sinPU
          0x3f6d79
          
      
       
          _IQ16mpyRndSatTable
          0x3fea90
          
      
       
          _IQ24mpyRndSatTable
          0x3fea30
          
      
       
          _IQ13mpyRndSatTable
          0x3feab4
          
      
       
          _IQ21mpyRndSatTable
          0x3fea54
          
      
       
          _IQ10mpyRndSatTable
          0x3fead8
          
      
       
          _IQdivTable
          0x3fe510
          
      
       
          _IQ9mpyRndSatTable
          0x3feae4
          
      
       
          _IQ6mpyRndSatTable
          0x3feb08
          
      
       
          _IQatan2TableEnd
          0x3fe9e8
          
      
       
          _IQdivTableEnd
          0x3fe712
          
      
       
          _IQ29mpyRndSatTable
          0x3fe9f4
          
      
       
          _IQ3mpyRndSatTable
          0x3feb2c
          
      
       
          _IQ18mpyRndSatTable
          0x3fea78
          
      
       
          _IQ26mpyRndSatTable
          0x3fea18
          
      
       
          _IQcosTableEnd
          0x3fe502
          
      
       
          _IQsinTableEnd
          0x3fe400
          
      
       
          _IQ15mpyRndSatTable
          0x3fea9c
          
      
       
          _IQ23mpyRndSatTable
          0x3fea3c
          
      
       
          _IQ12mpyRndSatTable
          0x3feac0
          
      
       
          _IQ20mpyRndSatTable
          0x3fea60
          
      
       
          _IQisqrtTableEnd
          0x3fe824
          
      
       
          _IQ8mpyRndSatTable
          0x3feaf0
          
      
       
          _IQisqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ5mpyRndSatTable
          0x3feb14
          
      
       
          _IQmpyRndSatTable
          0x3fe9e8
          
      
       
          _IQ28mpyRndSatTable
          0x3fea00
          
      
       
          _IQatan2Table
          0x3fe862
          
      
       
          _IQ2mpyRndSatTable
          0x3feb38
          
      
       
          _IQatan2HalfPITable
          0x3fe824
          
      
       
          _IQ17mpyRndSatTable
          0x3fea84
          
      
       
          _IQ25mpyRndSatTable
          0x3fea24
          
      
       
          _IQsqrtTable
          0x3fe722
          
      
       
          _IQsqrtTableEnd
          0x3fe824
          
      
       
          _IQ14mpyRndSatTable
          0x3feaa8
          
      
       
          _IQ22mpyRndSatTable
          0x3fea48
          
      
       
          _IQ30mpyRndSatTable
          0x3fe9e8
          
      
       
          _IQsqrtRoundSatTable
          0x3fe712
          
      
       
          _IQ11mpyRndSatTable
          0x3feacc
          
      
       
          _IQdivRoundSatTable
          0x3fe502
          
      
       
          _IQ7mpyRndSatTable
          0x3feafc
          
      
       
          _IQcosTable
          0x3fe100
          
      
       
          _IQisqrtTable
          0x3fe722
          
      
       
          _IQ4mpyRndSatTable
          0x3feb20
          
      
       
          _IQ19mpyRndSatTable
          0x3fea6c
          
      
       
          _IQ27mpyRndSatTable
          0x3fea0c
          
      
       
          _IQmpyRndSatTableEnd
          0x3feb50
          
      
       
          _IQ1mpyRndSatTable
          0x3feb44
          
      
       
          _IQsinTable
          0x3fe000
          
      
       
          _c_int00
          0x3f6a23
          
      
       
          __stack
          0x50
          
      
       
          C$$EXIT
          0x3f6b1b
          
      
       
          _exit
          0x3f6b1d
          
      
       
          ___TI_cleanup_ptr
          0x9320
          
      
       
          _abort
          0x3f6b1b
          
      
       
          ___TI_dtors_ptr
          0x9322
          
      
       
          FD$$MPY
          0x3f6800
          
      
       
          FD$$TOL
          0x3f6a90
          
      
       
          FS$$ADD
          0x3f690b
          
      
       
          FS$$SUB
          0x3f6906
          
      
       
          FS$$CMP
          0x3f6b34
          
      
       
          FS$$DIV
          0x3f6883
          
      
       
          FS$$MPY
          0x3f697e
          
      
       
          FS$$TOFD
          0x3f6acc
          
      
       
          FS$$TOL
          0x3f6a67
          
      
       
          FS$$TOU
          0x3f6aaf
          
      
       
          __unlock
          0x9326
          
      
       
          __lock
          0x9324
          
      
       
          __register_lock
          0x3f6b72
          
      
       
          __nop
          0x3f6b76
          
      
       
          __register_unlock
          0x3f6b6e
          
      
       
          L$$TOFS
          0x3f6ae8
          
      
       
          UL$$TOFS
          0x3f6b4b
          
      
       
          U$$TOFS
          0x3f6b5e
          
      
       
          __args_main
          0x3f6b02
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Introduction 
   The digital motor control library is composed of C functions (or macros) developed for C2000 motor 
control users. These modules are represented as modular blocks in C2000 literature in order to explain 
system-level block diagrams clearly by means of software modularity. The DMC library modules cover 
nearly all of the target-independent mathematical macros and target-specific peripheral configuration 
macros, which are essential for motor control. These modules can be classified as:  



 



Transformation and 
Observer Modules  



Clarke, Park, Phase Voltage Calculation, Sliding Mode Observer, BEMF 
Commutation, Direct Flux Estimator, Speed Calculators and Estimators, 
Position Calculators and Estimators etc.  



Signal Generators and 
Control Modules  



PID, Commutation Trigger Generator, V/f Controller, Impulse Generator, 
Mod 6 Counter, Slew Rate Controllers, Sawtooth & Ramp generators, 
Space Vector Generators etc.  



Peripheral Drivers  PWM abstraction for multiple topologies and techniques, ADC Drivers, 
Hall Sensor Driver, QEP Driver, CAP Driver etc.  



Real-Time Debugging 
Modules  



DLOG module for CCS graph window utility, PWMDAC module for 
monitoring the control variables through socilloscope  



 



 



   In the DMC library, each module is separately documented with source code, use, and background 
technical theory. All DMC modules allow users to quickly build, or customize their own systems. The 
library supports three principal motor types (induction motor, BLDC and PM motors) but is not limited to 
these motors. 



   The DMC library components have been used by TI to provide system-level motor control examples. In 
the motor control code, all DMC library modules are initialized according to the system specific 
parameters, and the modules are inter-connected to each other. At run-time the modules are called in 
order. Each motor control system is built using an incremental build approach, which allows some 
sections of the code to be built at a time, so that the developer can verify each section of the application 
one step at a time. This is critical in real-time control applications, where so many different variables can 
affect the system, and where many different motor parameters need to be tuned. 



 



 



  



DIGITAL MOTOR CONTROL Software Library 
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ACI SE Speed estimator of the 3-ph induction motor 
 
 
Description This software module implements a speed estimator of the 3-ph induction motor 



based upon its mathematics model. The estimator’s accuracy relies heavily on 
knowledge of critical motor parameters. 



 



                                            



ACISE
MACRO



PsiDrS



PsiQrS



ThetaFlux



IDsS



WrHat



WrHatRpm



pu



pu



pu



pu



pu



Q0



pu
IQsS



 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point  
 



C Version File Names: aci_se.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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ACI SE C Interface 
 
C Interface 
 
Object Definition  



The structure of ACISE object is defined by following structure definition 
 



typedef struct {  _iq  IQsS;       // Input: Stationary q-axis stator current 
             _iq  PsiDrS;       // Input: Stationary d-axis rotor flux  
             _iq  IDsS;     // Input: Stationary d-axis stator current  
             _iq  PsiQrS;     // Input: Stationary q-axis rotor flux   
             _iq  K1;     // Parameter: Constant using in speed computation  
                        _iq  SquaredPsi;        // Variable: Squared rotor flux    
                _iq  ThetaFlux;      // Input: Rotor flux angle 
            _iq21  K2;    // Parameter: Constant using in differentiator (Q21) 
                        _iq  OldThetaFlux;     // Variable: Previous rotor flux angle     
            _iq  K3;     // Parameter: Constant using in low-pass filter  
            _iq21  WPsi;    // Variable: Synchronous rotor flux speed in pu  (Q21) 
            _iq  K4;     // Parameter: Constant using in low-pass filter  
            _iq  WrHat;     // Output: Estimated speed in per unit  
            Uint32  BaseRpm;  // Parameter: Base rpm speed (Q0)       
            int32  WrHatRpm; // Output: Estimated speed in rpm (Q0) 
            _iq Wslip;  // Variable: Slip 
            _iq Wsyn;   // Variable: Synchronous speed 
                   } ACISE;                   



 
 



Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs PsiDrS stationary d-axis rotor flux  GLOBAL_Q 80000000-7FFFFFFF 



PsiDrS stationary q-axis rotor flux  GLOBAL_Q 80000000-7FFFFFFF 
ThetaFlux rotor flux linkage angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
IDsS stationary d-axis stator current GLOBAL_Q 80000000-7FFFFFFF 
IQsS stationary q-axis stator current  GLOBAL_Q 80000000-7FFFFFFF 



Outputs WrHat estimated rotor speed GLOBAL_Q 80000000-7FFFFFFF 
WrHatRpm estimated rotor speed in rpm Q0 80000000-7FFFFFFF 



ACISE 
parameter 



K1 K1 = 1/(Wb*Tr) GLOBAL_Q 80000000-7FFFFFFF 
K2 K2 = 1/(fb*T) Q21 80000000-7FFFFFFF 
K3 K3 = Tau/(Tau+T) GLOBAL_Q 80000000-7FFFFFFF 
K4 K4 = T/(Tau+T) GLOBAL_Q 80000000-7FFFFFFF 



BaseRpm base speed in rpm Q0 80000000-7FFFFFFF 
Internal OldThetaFlux previous rotor flux linkage angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
WPsi synchronous rotor flux  speed GLOBAL_Q 80000000-7FFFFFFF 



SquaredPsi squared magnitude of rotor flux GLOBAL_Q 80000000-7FFFFFFF 
Wslip slip GLOBAL_Q 80000000-7FFFFFFF 
WSyn synchronous speed GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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ACI SE C Interface 
 
Special Constants and Data types 
   
 ACISE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the speed estimator of Induction Motor module. To create multiple instances of the module 
simply declare variables of type ACISE. 



  
 
 ACISE_DEFAULTS 



Structure symbolic constant to initialize ACISE module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances two ACISE objects 
             ACISE  se1, se2; 
 
 Initialization 



To Instance pre-initialized objects 
ACISE se1 = ACISE_DEFAULTS; 
ACISE se2 = ACISE_DEFAULTS; 



 
Invoking the computation macro 
ACISE_MACRO(se1); 
ACISE_MACRO(se2); 



 
Example 



The following pseudo code provides the information about the module usage.  
main() 
{ 



se1.K1 = parem1_1;    // Pass parameters to se1  
se1.K2 = parem1_2;    // Pass parameters to se1  
se1.K3 = parem1_3;    // Pass parameters to se1  
se1.K4 = parem1_4;    // Pass parameters to se1  
se1.BaseRpm = base_speed_1;  // Pass parameters to se1  
 
se2.K1 = parem2_1;    // Pass parameters to se2  
se2.K2 = parem2_2;    // Pass parameters to se2  
se2.K3 = parem2_3;    // Pass parameters to se2  
se2.K4 = parem2_4;    // Pass parameters to se2  
se2.BaseRpm = base_speed_2;  // Pass parameters to se2  



 
}  
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ACI SE C Interface 
 
void interrupt periodic_interrupt_isr() 
{  



se1.PsiDrS= flux_dq1.d;               // Pass inputs to se1  
         se1.PsiQrS= flux_dq1.q;                   // Pass inputs to se1  
         se1.IDsS=current_dq1.d;  // Pass inputs to se1 
         se1.IQsS=current_dq1.q;  // Pass inputs to se1 
         se1.ThetaFlux=angle1;               // Pass inputs to se1  



 
se2.PsiDrS= flux_dq2.d;               // Pass inputs to se2  



         se2.PsiQrS= flux_dq2.q;                   // Pass inputs to se2  
         se2.IDsS=current_dq2.d;  // Pass inputs to se2  
         se2.IQsS=current_dq2.q;  // Pass inputs to se2  
         se2.ThetaFlux=angle2;               // Pass inputs to se2  



 
ACISE_MACRO(se1);              // Call compute macro for se1    



 ACISE_MACRO(se2);   // Call compute macro for se2   
 



             speed_pu1 = se1.WrHat;  // Access the outputs of se1  
 speed_rpm1 = se1.WrHatRpm;      // Access the outputs of se1    
   



speed_pu2 = se2.WrHat;  // Access the outputs of se2    
 speed_rpm2 = se2.WrHatRpm;      // Access the outputs of se2    
} 
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ACI SE CONST C Interface 
 
Constant Computation Macro 
 



Since the speed estimator of Induction motor module requires four constants (K1,…, K4) to be 
input basing on the machine parameters, base quantities, mechanical parameters, and sampling 
period. These four constants can be internally computed by the macro (aci_se_const.h). The 
followings show how to use the constant computation macro. 



 
 
Object Definition  



The structure of ACISE_CONST object is defined by following structure definition 
 



typedef struct  { float32  Rr; // Input: Rotor resistance (ohm) 
    float32  Lr; // Input: Rotor inductance (H)       
                            float32  fb;       // Input: Base electrical frequency (Hz) 
                            float32  fc;       // Input: Cut-off frequency of low-pass filter (Hz) 
    float32  Ts; // Input: Sampling period in sec  
    float32  K1; // Output: constant using in rotor flux calculation   
    float32  K2; // Output: constant using in rotor flux calculation  
                float32  K3; // Output: constant using in rotor flux calculation  
                float32  K4; // Output: constant using in stator current calculation 
  } ACISE_CONST; 
  



 
Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rr Rotor resistance (ohm) Floating N/A 



Lr Rotor inductance (H) Floating N/A 
fb Base electrical frequency (Hz) Floating N/A 
fc Cut-off frequency of low-pass filter (Hz) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs K1 constant using in rotor flux calculation   Floating N/A 
K2 constant using in rotor flux calculation   Floating N/A 
K3 constant using in rotor flux calculation   Floating N/A 
K4 constant using in stator current cal. Floating N/A 
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ACI SE CONST C Interface 
 
Special Constants and Data types 
   
 ACISE_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the speed estimation of Induction Motor constant computation module. To create multiple 
instances of the module simply declare variables of type ACISE_CONST. 
 



 
 ACISE_CONST_DEFAULTS 



Structure symbolic constant to initialize ACISE_CONST module. This provides the initial values to 
the terminal variables as well as method pointers.  



 
 



 
 



Module Usage   
 
Instantiation 



            The following example instances two ACISE_CONST objects 
            ACISE_CONST  se1_const, se2_const; 



 
 



            Initialization 
To Instance pre-initialized objects 
ACISE_CONST se1_const = ACISE_CONST_DEFAULTS; 
ACISE_CONST se2_const = ACISE_CONST_DEFAULTS; 
 
 
Invoking the computation macro 
ACISE_CONST_MACRO(se1_const); 
ACISE_CONST_MACRO (se2_const); 
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ACI SE CONST C Interface 
 
  



  
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 



se1_const.Rr = Rr1;  // Pass floating-point inputs to se1_const  
se1_const.Lr = Lr1;  // Pass floating-point inputs to se1_const  
se1_const.fb = Fb1;  // Pass floating-point inputs to se1_const  
se1_const.fc = Fc1;  // Pass floating-point inputs to se1_const  
se1_const.Ts = Ts1;  // Pass floating-point inputs to se1_const  



 
se2_const.Rr = Rr2;  // Pass floating-point inputs to se2_const  
se2_const.Lr = Lr2;  // Pass floating-point inputs to se2_const  
se2_const.fb = Fb2;  // Pass floating-point inputs to se2_const  
se2_const.fc = Fc2;  // Pass floating-point inputs to se2_const  
se2_const.Ts = Ts2;  // Pass floating-point inputs to se2_const  
 
ACISE_CONST_MACRO (se1_const);  // Call compute macro for se1_const  
ACISE_CONST_MACRO (se2_const);  // Call compute macro for se2_const  



 
se1.K1 = _IQ(se1_const.K1);   // Access the floating-point outputs of se1_const   
se1.K2 = _IQ(se1_const.K2);   // Access the floating-point outputs of se1_const   
se1.K3 = _IQ(se1_const.K3);   // Access the floating-point outputs of se1_const   
se1.K4 = _IQ(se1_const.K4);   // Access the floating-point outputs of se1_const   
 
se2.K1 = _IQ(se2_const.K1);   // Access the floating-point outputs of se2_const  
se2.K2 = _IQ(se2_const.K2);   // Access the floating-point outputs of se2_const   
se2.K3 = _IQ(se2_const.K3);   // Access the floating-point outputs of se2_const   
se2.K4 = _IQ(se2_const.K4);   // Access the floating-point outputs of se2_const   



 
}  
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ACI SE  Technical Background 
 
 
Technical Background 
 



The open-loop speed estimator [1] is derived basing on the mathematics equations of induction 
motor in the stationary reference frame. The precise values of machine parameters are 
unavoidably required, otherwise the steady-state speed error may happen. However, the 
structure of the estimator is much simple comparing with other advanced techniques. All 
equations represented here are in the stationary reference frame (with superscript “s”). Firstly, the 
rotor flux linkage equations can be shown as below: 



                                                        
s
dsm



s
drr



s
dr iLiL +=λ     (1) 



                                                        s
qsm



s
qrr



s
qr iLiL +=λ     (2) 



where Lr, and Lm are rotor, and magnetizing inductance (H), respectively. 
According to equations (1)-(2), the rotor currents can be expressed as  
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Secondly, the rotor voltage equations are used to find the rotor flux linkage dynamics. 
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where ωr is electrically angular velocity of rotor (rad/sec), and Rr is rotor resistance (Ω).  
Substituting the rotor currents from (3)-(4) into (5)-(6), then the rotor flux linkage dynamics can be 
found as  
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where 
r



r
r R



L
=τ  is rotor time constant (sec). 



Suppose that the rotor flux linkages in (7)-(8) are known, therefore, its magnitude and angle can 
be computed as 



                                                        ( ) ( )2s
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λ



λ
=θ −
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Next, the rotor flux (i.e., synchronous) speed, ωe, can be easily calculated by derivative of the 
rotor flux angle in (10). 
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ACI SE  Technical Background 
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Referring to the derivative table, equation (11) can be solved as  
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Substituting (7)-(8) into (13), and rearranging, then finally it gives 
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The second term of the left hand in (14) is known as slip that is proportional to the 
electromagnetic torque when the rotor flux magnitude is maintaining constant. The 
electromagnetic torque can be shown here for convenience. 
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where p is the number of poles. Thus, the rotor speed can be found as 
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Now, the per-unit concept is applied to (16), then, the equation (16) becomes  
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where bb f2π=ω  is the base electrically angular velocity (rad/sec), bmb IL=λ  is the base flux 
linkage (volt.sec), and Ib is the base current (amp). Equivalently, another form is  
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where 
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The per-unit synchronous speed can be calculated as  
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where fb is the base electrical (supplied) frequency (Hz) and 2π is the base angle (rad). 
 
Discretizing equation (19) by using the backward approximation, yields 
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where T is the sampling period (sec). Equivalently, another form is 
 
                              ( ))1k()k(K)k( pu,pu,2pu,e rr



−θ−θ=ω λλ       pu     (21) 



where 
Tf



1K
b



2 =  is usually a large number.  



In practice, the typical waveforms of the rotor flux angle, pu,rλθ , in both directions can be seen in 
Figure 1. To take care the discontinuity of angle from 360o to 0o (CCW) or from 0o to 360o (CW), 
the differentiator is simply operated only within the differentiable range as seen in this Figure. 
This differentiable range does not significantly lose the information to compute the estimated 
speed.   
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Figure 1: The waveforms of rotor flux angle in both directions 



 
In addition, the synchronous speed in (21) is necessary to be filtered out by the low-pass filter in 
order to reduce the amplifying noise generated by the pure differentiator in (21). The simple 1st-
order low-pass filter is used, then the actual synchronous speed to be used is the output of the 



low-pass filter, pu,eω̂ , seen in following equation. The continuous-time equation of 1st-order low-
pass filter is as 
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where 
c



c f2
1
π



=τ  is the low-pass filter time constant (sec), and fc is the cut-off frequency (Hz). 



Using backward approximation, then (22) finally becomes 
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In fact, only three equations (18), (21), and (23) are mainly employed to compute the estimated 
speed in per-unit. The required parameters for this module are summarized as follows:  
 
The machine parameters: 
- number of poles (p) 
- rotor resistance  (Rr) 
- rotor leakage inductance (Lrl)  
- magnetizing inductance (Lm)  
 
The based quantities:  
- base current (Ib) 
- base electrically angular velocity (ωb) 
 
The sampling period:  
- sampling period (T) 
 
Low-pass filter:  
- cut-off frequency (fc) 
 



Notice that the rotor self inductance is mrlr LLL += (H). 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. aci_se.h). The software module requires that both input and output 
variables are in per unit values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











C2000 Systems and Applications 15 
 



ACI SE  Technical Background 
 
 



 Equation Variables Program Variables 



Inputs 



s
drλ  PsiDrS 
s
qrλ  PsiQrS 



rλθ  ThetaFlux 



s
dsi  IDsS 
s
qsi  IQsS 



Output rω  WrHat 



Others 
 



( )2s
rλ  SquaredPsi 



eω  WPsi 



 
Table 1: Correspondence of notations 



 
References: 



 
[1]  A.M. Trzynadlowski, The Field Orientation Principle in Control of Induction Motors, 



Kluwer Academic Publishers, 1994, pp. 176-180. 
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ACI FE Flux estimator of the 3-ph induction motor 
 
 
 
Description This software module implements the flux estimator with the rotor flux angle for 



the 3-ph induction motor based upon the integral of back emf’s (voltage model) 
approach. To reduce the errors due to pure integrator and stator resistance 
measurement, the compensated voltages produced by PI compensators are 
introduced. Therefore, this flux estimator can be operating over a wide range of 
speed, even at very low speed. 
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Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point    
 



C Version File Names: aci_fe.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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ACI FE C Interface 
 
C Interface 
 
Object Definition 
  



The structure of ACIFE object is defined by following structure definition 
 



    typedef struct { _iq  ThetaFlux;    // Output: Rotor flux angle     
   _iq  IQsS;      // Input: Stationary q-axis stator current   
               _iq  IDsS;               // Input: Stationary d-axis stator current   
               _iq  K1;                 // Parameter: Constant using in current model  
               _iq  FluxDrE;         // Variable: Rotating d-axis rotor flux (current model)  
               _iq  K2;                 // Parameter: Constant using in current model  
               _iq  FluxQrS;        // Variable: Stationary q-axis rotor flux (current model)  
               _iq  FluxDrS;        // Variable: Stationary d-axis rotor flux (current model)  
               _iq  K3;                 // Parameter: Constant using in stator flux computation  
               _iq  K4;                 // Parameter: Constant using in stator flux computation  
               _iq  FluxDsS;       // Variable: Stationary d-axis stator flux (current model)  
               _iq  FluxQsS;        // Variable: Stationary q-axis stator flux (current model)  
   _iq  PsiQsS;     // Variable: Stationary d-axis stator flux (voltage model)  
               _iq  Kp;                 // Parameter: PI proportional gain  
               _iq  UiDsS;             // Variable: Stationary d-axis integral term  
               _iq  UCompDsS;     // Variable: Stationary d-axis compensated voltage  
               _iq  Ki;              // Parameter: PI integral gain  
               _iq  PsiQsS;       // Variable: Stationary q-axis stator flux (voltage model)  
               _iq  UiQsS;            // Variable: Stationary q-axis integral term  
               _iq  UCompQsS;    // Variable: Stationary q-axis compensated voltage  
               _iq  EmfDsS;         // Variable: Stationary d-axis back emf  
               _iq  UDsS;         // Input: Stationary d-axis stator voltage 
               _iq  K5;             // Parameter: Constant using in back emf computation   
               _iq  K6;             // Parameter: Constant using in back emf computation  
               _iq  EmfQsS;         // Variable: Stationary q-axis back emf  
               _iq  UQsS;         // Input: Stationary q-axis stator voltage  
               _iq  K8;             // Parameter: Constant using in rotor flux computation  
               _iq  K7;             // Parameter: Constant using in rotor flux computation  
               _iq  PsiDrS;     // Output: Stationary d-axis estimated rotor flux  
               _iq  PsiQrS;     // Output: Stationary q-axis estimated rotor flux  
               _iq  OldEmf;     // Variable: Old back emf term 
               _iq  Sine;     // Variable: Sine term 
               _iq  Cosine;     // Variable: Cosine term 
 
             } ACIFE;              
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ACI FE C Interface 
 
 
Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs UDsS stationary d-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 



UQsS stationary q-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 
IDsS stationary d-axis stator current GLOBAL_Q 80000000-7FFFFFFF 
IQsS stationary q-axis stator current GLOBAL_Q 80000000-7FFFFFFF 



Outputs PsiDrS stationary d-axis rotor flux linkage GLOBAL_Q 80000000-7FFFFFFF 
PsiQrS stationary q-axis rotor flux linkage GLOBAL_Q 80000000-7FFFFFFF 



ThetaFlux rotor flux linkage angle GLOBAL_Q 00000000-7FFFFFFF  
(0 – 360 degree) 



ACIFE 
parameter 



K1 K1 = Tr/(Tr+T) GLOBAL_Q 80000000-7FFFFFFF 
K2 K2 = T/(Tr+T) GLOBAL_Q 80000000-7FFFFFFF 
K3 K3 = Lm/Lr GLOBAL_Q 80000000-7FFFFFFF 
K4 K4 = (Ls*Lr-Lm*Lm)/(Lr*Lm) GLOBAL_Q 80000000-7FFFFFFF 
K5 K5 = Rs*Ib/Vb GLOBAL_Q 80000000-7FFFFFFF 
K6 K6 = T*Vb/(Lm*Ib) GLOBAL_Q 80000000-7FFFFFFF 
K7 K7 = Lr/Lm GLOBAL_Q 80000000-7FFFFFFF 
K8 K8 = (Ls*Lr-Lm*Lm)/(Lm*Lm) GLOBAL_Q 80000000-7FFFFFFF 



Internal FluxDrE stationary d-axis rotor flux GLOBAL_Q 80000000-7FFFFFFF 
FluxQrE stationary q-axis rotor flux GLOBAL_Q 80000000-7FFFFFFF 
FluxDsS stationary d-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 
FluxQsS stationary q-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 
PsiQsS stationary d-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 
PsiQsS stationary q-axis stator flux GLOBAL_Q 80000000-7FFFFFFF 



    UiDsS stationary d-axis integral term GLOBAL_Q 80000000-7FFFFFFF 
    UiQsS stationary q-axis integral term GLOBAL_Q 80000000-7FFFFFFF 



EmfDsS stationary d-axis back emf GLOBAL_Q 80000000-7FFFFFFF 
EmfQsS stationary q-axis back emf GLOBAL_Q 80000000-7FFFFFFF 



UCompDsS stationary d-axis comp. voltage GLOBAL_Q 80000000-7FFFFFFF 
UCompQsS stationary q-axis comp. voltage GLOBAL_Q 80000000-7FFFFFFF 



OldEmf old abck emf term GLOBAL_Q 80000000-7FFFFFFF 
Sine sine term GLOBAL_Q 80000000-7FFFFFFF 



Cosine cosine term GLOBAL_Q 80000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
Special Constants and Data types 
   
 ACIFE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the flux estimator of Induction Motor module. To create multiple instances of the module simply 
declare variables of type ACIFE. 



  
 
 ACIFE_DEFAULTS 



Structure symbolic constant to initialize ACIFE module. This provides the initial values to the 
terminal variables as well as method pointers.  
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ACI FE C Interface 
 
Module Usage   



 
Instantiation 



             The following example instances two ACIFE objects 
             ACIFE  fe1, fe2; 
 
 Initialization 



To Instance pre-initialized objects 
ACIFE fe1 = ACIFE_DEFAULTS; 
ACIFE fe2 = ACIFE_DEFAULTS; 
Invoking the computation macro 
ACIFE_MACRO(fe1); 
ACIFE_MACRO(fe2); 



 
  



Example 
The following pseudo code provides the information about the module usage.  



main() 
{ 



fe1.K1 = parem1_1;    // Pass parameters to fe1  
             .      . 
  .      . 
 .      . 
fe1.K8 = parem1_8;    // Pass parameters to fe1  
 
fe2.K1 = parem2_1;    // Pass parameters to fe2  
             .      . 
  .      . 
 .      . 
fe2.K10_fe = parem2_8;   // Pass parameters to fe2  



 
}  
 
void interrupt periodic_interrupt_isr() 
{  



fe1.UDsS= voltage_dq1.d;  // Pass inputs to fe1  
         fe1.UQsS= voltage_dq1.q;       // Pass inputs to fe1  
         fe1.IQsS=current_dq1.d;  // Pass inputs to fe1  
         fe1.IDsS=current_dq1.q;  // Pass inputs to fe1  



 
fe2.UDsS= voltage_dq2.d;  // Pass inputs to fe2  



         fe2.UQsS= voltage_dq2.q;       // Pass inputs to fe2  
         fe2.IQsS=current_dq2.d;  // Pass inputs to fe2  



fe2.IDsS=current_dq2.q;  // Pass inputs to fe2  
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ACIFE_MACRO(fe1);              // Call compute macro for fe1  
 ACIFE_MACRO(fe2);              // Call compute macro for fe2   



 
 flux1.d = fe1.PsiDrS;       // Access the outputs of fe1   
 flux1.q = fe1.PsiQrS;       // Access the outputs of fe1   
            angle1 = fe1.ThetaFlux;   // Access the outputs of fe1  
 
 flux2.d = fe2.PsiDrS;       // Access the outputs of fe2    
 flux2.q = fe2.PsiQrS;       // Access the outputs of fe2    
 angle2 = fe2.ThetaFlux;   // Access the outputs of fe2  
 
} 
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Constant Computation Macro 
 



Since the flux estimator of Induction motor module requires eight constants (K1,…, K8) to be 
input basing on the machine parameters, base quantities, mechanical parameters, and sampling 
period. These eight constants can be internally computed by the macro (aci_fe_const.h). The 
followings show how to use the C constant computation macro. 



 
Object Definition  



The structure of ACIFE_CONST object is defined by following structure definition 
 



   typedef struct  { float32  Rs;   // Input: Stator resistantance 
  float32  Rr;  // Input: Rotor resistance (ohm) 



    float32  Ls;  // Input: Stator inductance (H)          
    float32 Lr;  // Input: Rotor inductance (H)             
                            float32  Lm;  // Input: Magnetizing inductance (H) 
    float32  Ib;   // Input: Base phase current (amp)  
    float32  Vb;  // Input: Base phase voltage (volt)  
    float32  Ts;  // Input: Sampling period in sec   
    float32  K1;  // Output: constant using in rotor flux calculation  
    float32  K2;  // Output: constant using in rotor flux calculation  
    float32  K3;  // Output: constant using in rotor flux calculation  
    float32  K4;  // Output: constant using in stator current calculation  
    float32  K5;  // Output: constant using in stator current calculation  
    float32  K6;  // Output: constant using in stator current calculation  
    float32  K7;  // Output: constant using in stator current calculation  
    float32  K8;  // Output: constant using in torque calculation 
  } ACIFE_CONST; 
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Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rs Stator resistance (ohm) Floating N/A 



Rr Rotor resistance (ohm) Floating N/A 
Ls Stator inductance (H) Floating N/A 
Lr Rotor inductance (H) Floating N/A 
Lm Magnetizing inductance (H) Floating N/A 
Ib Base phase current (amp) Floating N/A 
Vb Base phase voltage (volt) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs K1 constant using in rotor flux calculation   Floating N/A 
K2 constant using in rotor flux calculation   Floating N/A 
K3 constant using in rotor flux calculation   Floating N/A 
K4 constant using in stator current cal. Floating N/A 
K5 constant using in stator current cal. Floating N/A 
K6 constant using in stator current cal. Floating N/A 
K7 constant using in stator current cal. Floating N/A 
K8 constant using in torque calculation   Floating N/A 



 
 
Special Constants and Data types 
  
 ACIFE_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the flux estimation of Induction Motor constant computation module. To create multiple 
instances of the module simply declare variables of type ACIFE_CONST. 
 



 
 ACIFE_CONST_DEFAULTS 



Structure symbolic constant to initialize ACIFE_CONST module. This provides the initial values to 
the terminal variables as well as method pointers.  



 
 
 



Module Usage   
 
Instantiation 



             The following example instances two ACIFE_CONST objects 
             ACIFE_CONST fe1_const, fe2_const; 
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Initialization 



To Instance pre-initialized objects 
ACIFE_CONST fe1_const = ACIFE_CONST_DEFAULTS; 
ACIFE_CONST fe2_const = ACIFE_CONST_DEFAULTS; 



 
Invoking the computation macro 
ACIFE_CONST_MACRO(fe1_const); 
ACIFE_CONST_MACRO(fe2_const); 



 
  



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 



fe1_const.Rs = Rs1;  // Pass floating-point inputs to fe1_const  
fe1_const.Rr = Rr1;  // Pass floating-point inputs to fe1_const  
fe1_const.Ls = Ls1;  // Pass floating-point inputs to fe1_const  
fe1_const.Lr = Lr1;  // Pass floating-point inputs to fe1_const  
fe1_const.Lm = Lm1;  // Pass floating-point inputs to fe1_const  
fe1_const.Ib = Ib1;  // Pass floating-point inputs to fe1_const  
fe1_const.Vb = Vb1;  // Pass floating-point inputs to fe1_const  
fe1_const.Ts = Ts1;  // Pass floating-point inputs to fe1_const  



 
fe2_const.Rs = Rs2;  // Pass floating-point inputs to fe2_const  
fe2_const.Rr = Rr2;  // Pass floating-point inputs to fe2_const  
fe2_const.Ls = Ls2;  // Pass floating-point inputs to fe2_const  
fe2_const.Lr = Lr2;  // Pass floating-point inputs to fe2_const  
fe2_const.Lm = Lm2;  // Pass floating-point inputs to fe2_const  
fe2_const.Ib = Ib2;  // Pass floating-point inputs to fe2_const  
fe2_const.Vb = Vb2;  // Pass floating-point inputs to fe2_const  
fe2_const.Ts = Ts2;  // Pass floating-point inputs to fe2_const  
 
ACIFE_CONST_MACRO(fe1_const);  // Call compute macro for fe1_const 
ACIFE_CONST_MACRO (fe2_const);  // Call compute macro for fe2_const 



 
fe1.K1 = _IQ(fe1_const.K1);  // Access the floating-point outputs of fe1_const  
             .      . 
  .      . 
 .      . 
fe1.K8 = _IQ(fe1_const.K8); // Access the floating-point outputs of fe1_const  
 



 
fe2.K1 = _IQ(fe2_const.K1);  // Access the floating-point outputs of fe2_const  
             .      . 
  .      . 
 .      . 
fe2.K8 = _IQ(fe2_const.K8);    // Access the floating-point outputs of fe2_const 



 
}  
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Technical Background 
 



The overall of the flux estimator [1] can be shown in Figure 1. The rotor flux linkages in the 
stationary reference frame are mainly computed by means of the integral of back emf’s in the 
voltage model.  By introducing the compensated voltages generated by PI compensators, the 
errors associated with pure integrator and stator resistance measurement can be taken care. The 
equations derived for this flux estimator are summarized as follows: 
 
Continuous time: 
 



Firstly, the rotor flux linkage dynamics in synchronously rotating reference frame ( )
re ψω=ω=ω  



can be shown as below:  
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where Lm is the magnetizing inductance (H), 
r



r
r R



L
=τ is the rotor time constant (sec), and ωr is 



the electrically angular velocity of rotor (rad/sec). 
 
In the current model, total rotor flux linkage is aligned into the d-axis component, which is 
modeled by the stator currents, thus 
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Substituting 0i,e
qr =ψ  into (1)-(2), yields the oriented rotor flux dynamics are  
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Note that (4) and (5) are the classical rotor flux vector control equations. Then, the rotor flux 
linkages in (4)-(5) are transformed into the stationary reference frame performed by inverse park 
transformation. 
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where 
rψθ is the rotor flux angle (rad). 



 
Then, the stator flux linkages in stationary reference frame are computed from the rotor flux 
linkages in (6)-(7) 
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 Figure 1: Overall system of flux estimator 
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where Ls and Lr are the stator and rotor self inductance (H), respectively. 
 
Next, the stator flux linkages in the voltage model is computed by means of back emf’s integration 
with compensated voltages.  
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where Rs is the stator resistance (Ω), s
qs



s
ds u,u  are stationary dq-axis stator voltages, and the 



compensated voltages are computed by the PI control law as follows: 
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The proportional gain KP and the reset time TI are chosen such that the flux linkages computed by 
current model is dominant at low speed because the back emf’s computed by the voltage model 
are extremely low at this speed range (even zero back emf’s at zero speed). While at high speed 
range, the flux linkages computed by voltage model is dominant.   
 
Once the stator flux linkages in (10)-(11) are calculated, the rotor flux linkages based on the 
voltage model are further computed, by rearranging (8)-(9), as  
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Then, the rotor flux angle based on the voltage model is finally computed as 
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Discrete time: 
 
The oriented rotor flux dynamics in (4) is discretized by using backward approximation as follows: 
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where T is the sampling period (sec). Rearranging (17), then it gives 
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Next, the stator flux linkages in (10)-(11) are discretized by using trapezoidal (or tustin) 
approximation as 
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where the back emf’s are computed as 
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Similarly, the PI control laws in (12)-(13) are also discretized by using trapezoidal approximation 
as 
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Discrete time and Per-unit: 
 
Now all equations are normalized into the per-unit by the specified base quantities. Firstly, the 
rotor flux linkage in current model (18) is normalized by dividing the base flux linkage as 
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where bmb IL=ψ  is the base flux linkage (volt.sec) and Ib is the base current (amp). 
 
Next, the stator flux linkages in the current model (8)-(9) are similarly normalized by dividing the 
base flux linkage as 
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Then, the back emf’s in (21)-(22) are normalized by dividing the base phase voltage Vb 
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Next, the stator flux linkages in the voltage model (19)-(20) are divided by the base flux linkage. 
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Similar to (28)-(29), the normalized rotor flux linkages in voltage model are 
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In conclusion, the discrete-time, per-unit equations are rewritten in terms of constants.  
 



Current model – rotor flux linkage in synchronously rotating reference frame ( )
rψω=ω  
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Current model – rotor flux linkages in the stationary reference frame ( )0=ω  
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Voltage model – back emf’s in the stationary reference frame ( )0=ω  
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Voltage model – stator flux linkages in the stationary reference frame ( )0=ω  
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Voltage model – rotor flux linkages in the stationary reference frame ( )0=ω  



                                     )k(K)k(iK)k( v,s
pu,ds7



s
pu,ds8



v,s
pu,dr ψ+−=ψ          pu         



(43) 



                                     )k(K)k(iK)k( v,s
pu,qs7



s
pu,qs8



v,s
pu,qr ψ+−=ψ          pu            (44) 



where 
m



r
7 L



LK = , and 
mm



2
mrs



8 LL
LLL



K
−



= . 



Voltage model – rotor flux angle 
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Notice that the rotor flux angle is computed by a look-up table of 0o-45o with 256 entries. 
 
In fact, equations (36)-(44) are mainly employed to compute the estimated flux linkages in per-
unit. The required parameters for this module are summarized as follows:  
 
The machine parameters: 
- stator resistance  (Rs) 
- rotor resistance  (Rr) 
- stator leakage inductance (Lsl) 
- rotor leakage inductance (Lrl)  
- magnetizing inductance (Lm)  
 
The based quantities:  
- base current (Ib) 
- base phase voltage (Vb) 
 
The sampling period:  
- sampling period (T) 
 



Notice that the stator self inductance is msls LLL +=  (H) and the rotor self inductance is 



mrlr LLL += (H). 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. aci_fe.h). The software module requires that both input and output 
variables are in per unit values. 
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 Equation Variables Program Variables 
 



 
Inputs 



s
dsu  UDsS 



s
qsu  UQsS 



s
dsi  IDsS 



s
qsi  IQsS 



 
Outputs 



v,s
drψ  PsiDrS 



v,s
qrψ  PsiQrS 



rψθ  ThetaFlux 



 
 
 
 
 
 
 
 



Others 
 



i,e
drψ  FluxDrE 



i,s
drψ  FluxDrS 



i,s
qrψ  FluxQrS 



i,s
dsψ  FluxDsS 



i,s
qsψ  FluxQsS 



v,s
dsψ  PsiQsS 



v,s
qsψ  PsiQsS 



s
dse  EmfDsS 



s
qse  EmfQsS 



ds,compu  UCompDsS 



qs,compu  UCompQsS 



 
Table 1: Correspondence of notations 
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Description Converts balanced three phase quantities into balanced two phase quadrature 



quantities. 
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: clarke.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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CLARKE C Interface 
 



C Interface 
 
Object Definition 
  
The structure of CLARKE object is defined by following structure definition 



 
typedef struct {  _iq  As;              // Input: phase-a stator variable   
  _iq  Bs;   // Input: phase-b stator variable   



_iq  Cs;   // Input: phase-c stator variable   
  _iq  Alpha;  // Output: stationary d-axis stator variable   
  _iq  Beta;  // Output: stationary q-axis stator variable   
           } CLARKE;              
 
    



Item Name Description Format* Range(Hex) 



Inputs 



As Phase ‘a’ component of the 
balanced three phase quantities GLOBAL_Q 80000000-7FFFFFFF 



Bs Phase ‘b’ component of the 
balanced three phase quantities GLOBAL_Q 80000000-7FFFFFFF 



Cs Phase ‘c’ component of the 
balanced three phase quantities GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Alpha Direct axis(d) component of the 



transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Beta Quadrature axis(q) component of 
the transformed signal GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 CLARKE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the Clarke variable transformation. To create multiple instances of the module simply declare 
variables of type CLARKE. 



  
 
 CLARKE_DEFAULTS 



Structure symbolic constant to initialize CLARKE module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two CLARKE objects 
             CLARKE  clarke1, clarke2; 
 
 
 
 
 
 
 
 











 



C2000 Systems and Applications   33 
 



CLARKE C Interface 
 



Initialization 
To Instance pre-initialized objects 
CLARKE clarke1 = CLARKE_DEFAULTS; 
CLARKE clarke2 = CLARKE_DEFAULTS; 



 
Invoking the computation macro 



CLARKE_MACRO (clarke1); 
CLARKE_MACRO (clarke2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



clarke1.As = as1;  // Pass inputs to clarke1  
         clarke1.Bs = bs1;       // Pass inputs to clarke1  
 



clarke2.As = as2;  // Pass inputs to clarke2  
         clarke2.Bs = bs2;           // Pass inputs to clarke2  



 
CLARKE_MACRO (clarke1); // Call compute macro for clarke1    
CLARKE_MACRO (clarke2); // Call compute macro for clarke2    
 



             ds1 = clarke1.Alpha;  // Access the outputs of clarke1  
 qs1 = clarke1.Beta;      // Access the outputs of clarke1   
   
             ds2 = clarke2.Alpha;  // Access the outputs of clarke2   
 qs2 = clarke2.Beta;      // Access the outputs of clarke2 
} 
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CLARKE Technical Background 
 
 
Technical Background 
 



Here it is assumed that all three phases are balanced ( i.e. Ia + Ib + Ic=0 ) and they have positive 
sequence (ABC) as follows: 
 
𝐼𝑎 = 𝐼 × cos(𝑤𝑡)     



             𝐼𝑏 = 𝐼 × cos(𝑤𝑡 − 2𝜋/3) 
             𝐼𝑐 = 𝐼 × cos (𝑤𝑡 − 4𝜋/3) 



 
This macro implements the following equations: 
 



�
𝐼𝛼 = 𝐼𝑎



 𝐼𝛽 = (2𝐼𝑏 + 𝐼𝑎)/√3
�              which result in                                          � 𝐼𝛼 = 𝐼 × cos(𝑤𝑡)



 𝐼𝛽 = 𝐼 × 𝑠𝑖𝑛(𝑤𝑡)
� 



  
This transformation converts balanced three phase quantities into balanced two phase 
quadrature quantities as shown in figure below.                     
 



                     3-phase                Quadrature: 2-phase 
 



 
  
 
 
 
 
 
 
 
 
 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. clarke.h). The software module requires that both input and output 
variables are in per unit values. 
 



 Equation Variables Program Variables 



Inputs 
ia As 
ib Bs 
ic Cs 



Outputs Iα Alpha 
Iβ Beta 



 
Table 1: Correspondence of notations 
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COMTN_TRIG Commutation Trigger Generator for BLDC Drive 
 
 
Description This module determines the Bemf zero crossing points of a 3-ph BLDC motor 



based on motor phase voltage measurements and then generates the 
commutation trigger points for the 3-ph power inverter switches. 



 
 
 
 
 
                            



 
 
 



 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point     
 



C Version File Names: com_trig.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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COMTN_TRIG C Interface 
 
C Interface 
 
Object Definition  



The structure of CMTN object is defined by following structure definition 
 



typedef  struct { Uint32 CmtnTrig;         // Output: Commutation trigger output (0 or 00007FFF)        
                         _iq Va;                               // Input: Motor phase a voltages referenced to GND  
                         _iq Vb;                               // Input: Motor phase b voltages referenced to GND   
                         _iq Vc;                               // Input: Motor phase c voltages referenced to GND  
                         _iq Neutral;                       // Variable: 3*Motor netural voltage  
                         Uint32 RevPeriod;            // Variable: revolution time counter (Q0)         
                         Uint32 ZcTrig;                   // Variable: Zero-Crossing trig flag (0 or 00007FFF)    
                         Uint32 CmtnPointer;         // Input: Commutation state pointer input (Q0)  
                         _iq DebugBemf;                // Variable: 3*Back EMF = 3*(vx=vn), x=a,b,c  
                         Uint32 NoiseWindowCounter; // Variable: Noise windows counter (Q0)  
                         Uint32 Delay30DoneFlag;       // Variable: 30 Deg delay flag (0 or 0000000F)   
                         Uint32 NewTimeStamp;     // Variable: Time stamp (Q0)  
                         Uint32 OldTimeStamp;       // History: Previous time stamp (Q0)  
             Uint32 VirtualTimer;           // Input: Virtual timer (Q0)  
                         Uint32 CmtnDelay;             // Variable: Time delay (Q0)      
                         Uint32 DelayTaskPointer;  // Variable: Delay task pointer, see note below (0 or 1)  
                         Uint32 NoiseWindowMax;  // Variable: Maximum noise windows counter (Q0)  
                         Uint32 CmtnDelayCounter;   // Variable: Time delay counter (Q0)  
                         Uint32 NWDelta;                   // Variable: Noise windows delta (Q0)  
                         Uint32 NWDelayThres;         // Variable: Noise windows dynamic threshold (Q0)  
                } CMTN; 
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COMTN_TRIG C Interface 
 



    
Item Name Description Format* Range(Hex) 



Inputs 



CmtnPointer 



Commutation state pointer 
input. This is used for Bemf 
zero crossing point calculation 
for the appropriate motor 
phase. 



Q0 0 - 5 



Va Motor phase-a voltages 
referenced to GND. GLOBAL_Q 00000000-7FFFFFFF 



Vb Motor phase-b voltages 
referenced to GND. GLOBAL_Q 00000000-7FFFFFFF 



Vc Motor phase-c voltages 
referenced to GND. GLOBAL_Q 00000000-7FFFFFFF 



VirtualTimer 
A virtual timer used for 
commutation delay angle 
calculation. 



Q0 80000000-7FFFFFFF 



Output CmtnTrig Commutation trigger output. Q0 0 or 00007FFF 



Internal 



Neutral 3*Motor netural voltage GLOBAL_Q 80000000-7FFFFFFF 
RevPeriod revolution time counter Q0 00000000-7FFFFFFF 
ZcTrig Zero-Crossing trig flag Q0 0 or 00007FFF 
DebugBemf 3*Back EMF GLOBAL_Q 80000000-7FFFFFFF 
NoiseWindowCounter Noise windows counter Q0 80000000-7FFFFFFF 
Delay30DoneFlag 30 Deg delay flag Q0 0 or 0000000F 
NewTimeStamp Time stamp Q0 00000000-7FFFFFFF 
OldTimeStamp Previous time stamp Q0 00000000-7FFFFFFF 



CmtnDelay Time delay in terms of number 
of sampling time periods Q0 00000000-7FFFFFFF 



DelayTaskPointer Delay task pointer Q0 0 or 1 



NoiseWindowMax Maximum noise windows 
counter Q0 80000000-7FFFFFFF 



CmtnDelayCounter Time delay counter Q0 80000000-7FFFFFFF 
NWDelta Noise windows delta Q0 80000000-7FFFFFFF 



NWDelayThres Noise windows dynamic 
threshold Q0 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 CMTN 



The module definition is created as a data type. This makes it convenient to instance an interface 
to ramp generator. To create multiple instances of the module simply declare variables of type 
CMTN. 



  
 
 CMTN_DEFAULTS 



Structure symbolic constant to initialize CMTN module. This provides the initial values to the 
terminal variables as well as method pointers.  
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COMTN_TRIG C Interface 
 



 
Module Usage   



 
Instantiation 



             The following example instances two CMTN objects 
             CMTN cm_trig1, cm_trig2; 
 



Initialization 
To Instance pre-initialized objects 
CMTN cm_trig1 = CMTN_DEFAULTS; 
CMTN cm_trig2 = CMTN_DEFAULTS; 



 
Invoking the computation macro 
CMTN_TRIG_MACRO (cm_trig1); 
CMTN_TRIG_MACRO (cm_trig2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



cm_trig1.CmtnPointer = input11;              // Pass inputs to cm_trig1  
cm_trig1.Va = input12;               // Pass inputs to cm_trig1  
cm_trig1.Vb = input13;               // Pass inputs to cm_trig1  
cm_trig1.Vc = input14;               // Pass inputs to cm_trig1  
cm_trig1.VirtualTimer = input15;              // Pass inputs to cm_trig1  
 
cm_trig2.CmtnPointer = input21;              // Pass inputs to cm_trig2  
cm_trig2.Va = input22;               // Pass inputs to cm_trig2  
cm_trig2.Vb = input23;               // Pass inputs to cm_trig2  
cm_trig2.Vc = input24;               // Pass inputs to cm_trig2  
cm_trig2.VirtualTimer = input25;              // Pass inputs to cm_trig2  
 
CMTN_TRIG_MACRO (cm_trig1);   // Call compute macro for cm_trig1 
CMTN_TRIG_MACRO (cm_trig2);   // Call compute macro for cm_trig2  
 



             out1 = cm_trig1.CmtnTrig;  // Access the outputs of cm_trig1 
             out2 = cm_trig2.CmtnTrig;  // Access the outputs of cm_trig2   
} 
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COMTN_TRIG Technical Background 
 
 
Technical Background 
 
 



Figure 1 shows the 3-phase power inverter topology used to drive a 3-phase BLDC motor. In this 
arrangement, the motor and inverter operation is characterized by a two phase ON operation. 
This means that two of the three phases are always energized, while the third phase is turned off. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



Figure 1: Three Phase Power Inverter for a BLDC Motor Drive 



 



The bold arrows on the wires indicate the Direct Current flowing through two motor stator phases. 
For sensorless control of BLDC drives it is necessary to determine the zero crossing points of the 
three Bemf voltages and then generate the commutation trigger points for the associated 3-ph 
power inverter switches.  



 



The figure below shows the basic hardware necessary to perform these tasks. 
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COMTN_TRIG Technical Background 



 



ADCINx



ADCINy



Stator Phase #x Cable



 
 



 



Figure 2: Basic Sensorless Additional Hardware 



The resistor divider circuit is specified such that the maximum output from this voltage sensing 
circuit utilizes the full ADC conversion range. The filtering capacitor should filter the chopping 
frequency, so only very small values are necessary (in the range of nF). The sensorless algorithm 
is based only on the three motor terminal voltage measurements and thus requires only four ADC 
input lines.  



Figure 3 shows the motor terminal model for phase A, where L is the phase inductance, R is the 
phase resistance, Ea is the back electromotive force, Vn is the star connection voltage referenced 



to ground and Va is the phase voltage referenced to ground. Va voltages are measured by 
means of the DSP controller ADC Unit and via the voltage sense circuit shown in Figure 2. 



 



Shunt Resistor



Ea
Ia



VnVa



L R



 
 



Figure 3: Stator Terminal Electrical Model 
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COMTN_TRIG Technical Background 



 



Assuming that phase C is the non-fed phase it is possible to write the following equations for the 
three terminal voltages:  



VnEa
dt
dIaLRIaVa +++= . 



VnEb
dt
dIbLRIbVb +++=  



VnEcVc +=  
 



As only two currents flow in the stator windings at any one time, two phase currents are equal 
and opposite. Therefore, 



IbIa −=  



Thus, by adding the three terminal voltage equations we have, 



Vn3EcEbEaVcVbVa +++=++  



The instantaneous Bemf waveforms of the BLDC motor are shown in figure 4. From this figure it 
is evident that at the Bemf zero crossing points the sum of the three Bemfs is equal to zero. 
Therefore the last equation reduces to, 



Vn3VcVbVa =++  



This equation is implemented in the code to compute the neutral voltage. In the code, the quantity 
3Vn is represented by the variable called Neutral.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 4: Instantaneous Bemf Wave-forms  
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COMTN_TRIG Technical Background 
  



Bemf Zero Crossing Point Computation 
 



For the non-fed phase (zero current flowing), the stator terminal voltage can be rewritten as 
follows: 



Vn3Vc33Ec −= . 
 



This equation is used in the code to calculate the Bemf zero crossing point of the non-fed phase 
C. Similar equations are used to calculate the Bemf zero crossing points of other Bemf voltages 
Ea and Eb. As we are interested in the zero crossing of the Bemf it is possible to check only for 
the Bemf sign change; this assumes that the Bemf scanning loop period is much shorter than the 
mechanical time constant. This function is computed after the three terminal voltage samples, 
e.g., once every 16.7µs (60kHz sampling loop). 



 
Electrical Behaviour at Commutation Points 



At the instants of phase commutation, high dV/dt and dI/dt glitches may occur due to the direct 
current level or to the parasitic inductance and capacitance of the power board. This can lead to a 
misreading of the computed neutral voltage. This is overcomed by discarding the first few scans 
of the Bemf once a new phase commutation occurs. In the code this is implemented by the 
function named ‘NOISE_WIN’. The duration depends on the power switches, the power board 
design, the phase inductance and the driven direct current. This parameter is system-dependent 
and is set to a large value in the low speed range of the motor. As the speed increases, the s/w 
gradually lowers this duration since the Bemf zero crossings also get closer at higher speed.  



 
Commutation Instants Computation 



In an efficient sensored control the Bemf zero crossing points are displaced 30º from the instants 
of phase commutation. So before running the sensorless BLDC motor with help of the six zero 
crossing events it is necessary to compute the time delay corresponding to this 30º delay angle 
for exact commutation points. This is achieved by implementing a position interpolation function. 
In this software it is implemented as follows: let T be the time that the rotor spent to complete the 
previous revolution and α be the desired delay angle. By dividing α by 360º and multiplying the 
result by T we obtain the time duration to be spent before commutating the next phase pair. In the 
code this delay angle is fixed to 30º. The corresponding time delay is represented in terms of the 
number of sampling time periods and is stored in the variable CmtnDelay. Therefore, 



Time delay = CmtnDelay .Ts = T(α/360) = VirtualTimer.Ts(α/360) = VirtualTimer . Ts/12 



Where, Ts is the sampling time period and VirtualTimer is a timer that counts the number of 
sampling cycles during the previous revolution of the rotor. 



 



The above equation is further simplified as, 



CmtnDelay = VirtualTimer /12 



This equation is implemented in the code in order to calculate the time delay corresponding to the 
30º commutation delay angle. 
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CUR_MOD Current Model 
 
 
 
Description This module takes as input both IQs and IDs, currents coming from the PARK 



transform, as well as the rotor mechanical speed and gives the rotor flux position. 
 
 



CURMOD
MACRO



IQs



IDs



Wr



Theta



 
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: cur_mod.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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CUR_MOD C Interface 
 
 
C Interface 
 
Object Definition  



 
The structure of CURMOD object is defined by following structure definition 
 



typedef struct   { _iq  IDs;  // Input: Syn. rotating d-axis current   
    _iq  IQs; // Input: Syn. rotating q-axis current   
    _iq  Wr; // Input: Rotor electrically angular velocity                          
                            _iq  IMDs; // Variable: Syn. rotating d-axis magnetizing current 
    _iq  Theta; // Output: Rotor flux angle 
                            _iq  Kr; // Parameter: constant using in magnetizing current calc                     
                            _iq  Kt; // Parameter: constant using in slip calculation  
    _iq  K;  // Parameter: constant using in rotor flux angle calculation 
  } CURMOD; 
 



 
Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs IDs Syn. rotating d-axis current GLOBAL_Q 80000000-7FFFFFFF 



IQs Syn. rotating d-axis current GLOBAL_Q 80000000-7FFFFFFF 
Wr Rotor electrically angular velocity GLOBAL_Q 80000000-7FFFFFFF 



Outputs Theta Rotor flux angle GLOBAL_Q 00000000-7FFFFFFF  
(0 – 360 degree) 



CUR_MOD 
parameter 



Kr Kr = T/Tr GLOBAL_Q 80000000-7FFFFFFF 
Kt Kt = 1/(Tr*wb) GLOBAL_Q 80000000-7FFFFFFF 
K K =  T*fb GLOBAL_Q 80000000-7FFFFFFF 



Internal Wslip Slip frequency GLOBAL_Q 80000000-7FFFFFFF 
We Synchronous frequency GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued betWeen 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 CURMOD 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the current model. To create multiple instances of the module simply declare variables of type 
CURMOD. 



  
 
 CURMOD_DEFAULTS 



Structure symbolic constant to initialize CURMOD module. This provides the initial values to the 
terminal variables as Well as method pointers.  
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CUR_MOD C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two CURMOD objects 
             CURMOD  cm1, cm2; 
 
 Initialization 



To Instance pre-initialized objects 
CURMOD cm1 = CURMOD_DEFAULTS; 
CURMOD cm2 = CURMOD_DEFAULTS; 



 
Invoking the computation macro 
CURMOD_MACRO(cm1); 
CURMOD_MACRO(cm2); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 



cm1.Kr = parem1_1;   // Pass parameters to cm1  
cm1.Kt = parem1_2;   // Pass parameters to cm1  
cm1.K = parem1_3;   // Pass parameters to cm1  
 
cm2.Kr = parem2_1;   // Pass parameters to cm2  
cm2.Kt = parem2_2;   // Pass parameters to cm2  
cm2.K = parem2_3;   // Pass parameters to cm2  



 
}  
void interrupt periodic_interrupt_isr() 
{  



cm1.IDs = de1;              // Pass inputs to cm1 
cm1.IQs = qe1;    // Pass inputs to cm1 



 cm1.Wr = Wr1;   // Pass inputs to cm1 
 



cm2.IDs = de2;              // Pass inputs to cm2 
cm2.IQs = qe2;    // Pass inputs to cm2 



 cm2.Wr = Wr2;   // Pass inputs to cm2 
  



CURMOD_MACRO(cm1);  // Call compute macro for cm1  
CURMOD_MACRO(cm2);  // Call compute macro for cm2  
 



             ang1 = cm1.Theta;             // Access the outputs of cm1  
             ang2 = cm2.Theta;         // Access the outputs of cm2   
} 
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CUR_MOD CONST C Interface 
 
 
Constant Computation Macro 
 



Since the current model module requires three constants (Kr, Kt, and K) to be input basing on the 
machine parameters, base quantities, mechanical parameters, and sampling period. These four 
constants can be internally computed by the macro (cur_const.h). The followings show how to 
use the C constant computation macro. 



 
 
Object Definition  



The structure of CURMOD_CONST object is defined by following structure definition 
 



typedef struct {    float32  Rr;      // Input: Rotor resistance (ohm)                 
    float32  Lr; // Input: Rotor inductance (H)         
    float32  fb;       // Input: Base electrical frequency (Hz) 
    float32  Ts; // Input: Sampling period (sec)  
    float32  Kr; // Output: constant using in magnetizing current calculation  
    float32  Kt; // Output: constant using in slip calculation 
    float32  K; // Output: constant using in rotor flux angle calculation 
            } CURMOD_CONST;         
           



 
Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rr Rotor resistance (ohm) Floating N/A 



Lr Rotor inductance (H) Floating N/A 
fb Base electrical frequency (Hz) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs Kr constant using in current model calculation   Floating N/A 
Kt constant using in current model calculation   Floating N/A 
K constant using in current model calculation   Floating N/A 



 
 



Special Constants and Data types 
   
 CURMOD_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the current model constant computation module. To create multiple instances of the module 
simply declare variables of type CURMOD_CONST. 
 



 
 CURMOD_CONST_DEFAULTS 



Structure symbolic constant to initialize CURMOD_CONST module. This provides the initial 
values to the terminal variables as Well as method pointers.  
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CUR_MOD CONST C Interface 
 
 
 



Module Usage   
 
Instantiation 



 The following example instances two CURMOD_CONST objects 
 CURMOD_CONST cm1_const, cm2_const; 



 
            Initialization 



To Instance pre-initialized objects 
CURMOD_CONST cm1_const = CURMOD_CONST_DEFAULTS; 
CURMOD_CONST cm2_const = CURMOD_CONST_DEFAULTS; 
 
Invoking the computation macro 
CURMOD_CONST_MACRO (cm1_const); 
CURMOD_CONST_MACRO (cm2_const); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 



cm1_const.Rr = Rr1;  // Pass floating-point inputs to cm1_const  
cm1_const.Lr = Lr1;  // Pass floating-point inputs to cm1_const  
cm1_const.fb = Fb1;  // Pass floating-point inputs to cm1_const  
cm1_const.Ts = Ts1;  // Pass floating-point inputs to cm1_const  



 
cm2_const.Rr = Rr2;  // Pass floating-point inputs to cm2_const  
cm2_const.Lr = Lr2;  // Pass floating-point inputs to cm2_const  
cm2_const.fb = Fb2;  // Pass floating-point inputs to cm2_const  
cm2_const.Ts = Ts2;  // Pass floating-point inputs to cm2_const  



 
CURMOD_CONST_MACRO (cm1_const); // Call compute macro for cm1_const  
CURMOD_CONST_MACRO (cm2_const); // Call compute macro for cm2_const  



 
cm1.Kr = _IQ(cm1_const.Kr);    // Access the floating-point outputs of cm1_const  
cm1.Kt = _IQ(cm1_const.Kt);    // Access the floating-point outputs of cm1_const   
cm1.K = _IQ(cm1_const.K);    // Access the floating-point outputs of cm1_const   
 
cm2.Kr = _IQ(cm2_const.Kr);    // Access the floating-point outputs of cm2_const   
cm2.Kt = _IQ(cm2_const.Kt);    // Access the floating-point outputs of cm2_const   
cm2.K = _IQ(cm2_const.K);    // Access the floating-point outputs of cm2_const   



 
}  
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CUR_MOD Technical Background 
 



Technical Background 
 



With the asynchronous drive, the mechanical rotor angular speed is not by definition, equal to the 
rotor flux angular speed. This implies that the necessary rotor flux position cannot be detected 
directly by the mechanical position sensor used with the asynchronous motor (QEP or 
tachometer).  The current model module be added to the generic structure in the regulation block 
diagram to perform a current and speed closed loop for a three phases ACI motor in FOC control. 
 
The current model consists of implementing the following two equations of the motor in d,q 
reference frame: 
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Where We have: 
 



- θ is the rotor flux position 
- mRi  is the magnetizing current 



- 
R



R
R R



LT =  is the rotor time constant with RL the rotor inductance and RR the rotor resistance. 



- fs is the rotor flux speed 



- bω  is the electrical nominal flux speed. 
 
Knowledge of the rotor time constant is critical to the correct functioning of the current model as it 
is this system that outputs the rotor flux speed that will be integrated to get the rotor flux position. 
 



Assuming that 
k1k qSqS ii ≈



+
the above equations can be discretized as follows: 
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In this equation system, T represents the Main loop control period. In a FOC control this usually 
corresponds to the Timer 1 underflow interrupt period. 
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CUR_MOD Technical Background 
 



Let the two above equations constants 
RT



T
 and 



bRωT
1



 be renamed respectively tK and RK . 



These two constants need to be calculated according to the motor parameters and initialize into 
the cur_mod.h file. 
 
Once the motor flux speed (fs) has been calculated, the necessary rotor flux position in per-unit (
θ ) is computed by the integration formula: 
 



ks1-k Kfθθ +=  
 



where bfTK =  
 
The user should be aware that the current model module constants depend on the motor 
parameters and need to be calculated for each type of motor. The information needed to do so 
are the rotor resistance, the rotor inductance (which is the sum of the magnetizing inductance and 



the rotor leakage inductance ( σRHR LLL += )). 



 
Next, Table 1 shows the correspondence of notations betWeen variables used here and variables 
used in the program (i.e. cur_mod.h). The software module requires that both input and output 
variables are in per unit values. 
 
 
 



 Equation Variables Program Variables 
Inputs 



qSi  IQs 



dSi  IDs 



n Wr 
Output θ  Theta 
Others mRi  IMDs 



 
Table 1: Correspondence of notations 
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IPARK Inverse Park Transformation 
 
 
 
Description This transformation projects vectors in orthogonal rotating reference frame into 



two phase orthogonal stationary frame. 
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: ipark.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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IPARK C Interface 
 
 
C Interface 
 
Object Definition  



The structure of IPARK object is defined by following structure definition 
 



typedef struct {  _iq  Alpha;   // Output: stationary d-axis stator variable  
  _iq  Beta; // Output: stationary q-axis stator variable  
  _iq  Ds;  // Input: rotating d-axis stator variable  
  _iq  Qs;  // Input: rotating q-axis stator variable  
  _iq  Sine; // Input: sine term 
  _iq  Cosine; // Input: cosine term 
 
          } IPARK;              
 
    



Item Name Description Format* Range(Hex) 
Inputs 



Ds 
Direct axis(D) component of 
transformed signal in rotating 
reference frame 



GLOBAL_Q 80000000-7FFFFFFF 



Qs 
Quadrature axis(Q) component of 
transformed signal in rotating 
reference frame 



GLOBAL_Q 80000000-7FFFFFFF 



Sine Sine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Cosine Cosine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Outputs Alpha Direct axis(d) component of the 
transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Beta Quadrature axis(q) component of the 
transformed signal GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



 
 
Special Constants and Data types 
   
 IPARK 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the Inverse Park variable transformation. To create multiple instances of the module simply 
declare variables of type IPARK. 



  
 
 IPARK_DEFAULTS 



Structure symbolic constant to initialize IPARK module. This provides the initial values to the 
terminal variables as well as method pointers.  
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IPARK C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two IPARK objects 
             IPARK ipark1, ipark2; 
 



Initialization 
To Instance pre-initialized objects 
IPARK ipark1 = IPARK_DEFAULTS; 
IPARK ipark2 = IPARK_DEFAULTS; 



 
Invoking the computation macro 
IPARK_MACRO (ipark1); 
IPARK_MACRO (ipark2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



ipark1.Ds = de1;             // Pass inputs to ipark1  
         ipark1.Qs = qe1;                   // Pass inputs to ipark1  
 ipark1.Angle = ang1;               // Pass inputs to ipark1    
 



ipark2.Ds = de2;             // Pass inputs to ipark2  
         ipark2.Qs = qe2;                   // Pass inputs to ipark2  
 ipark2.Angle = ang2;               // Pass inputs to ipark2    



 
IPARK_MACRO (ipark1); // Call compute macro for ipark1  
IPARK_MACRO (ipark2); // Call compute macro for ipark2   
 



             ds1 = ipark1.Alpha;  // Access the outputs of ipark1  
 qs1 = ipark1.Beta;      // Access the outputs of ipark1   
   
             ds2 = ipark2.Alpha;  // Access the outputs of ipark2  
 qs2 = ipark2.Beta;     // Access the outputs of ipark2  
 
} 
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IPARK Technical Background 
 
 
Technical Background 
 



 
Implements the following equations: 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. ipark.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Inputs 
ID Ds 
IQ Qs 
θ Angle 



sin Sine 
cos Cosine 



Outputs 
id Alpha 
iq Beta 



 
Table 1: Correspondence of notations 
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cossin
sincos



IQIDIq
IQIDId



 ID 
IQ 



θ 
Id 



Iq 



θ θ 
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IMPULSE Impulse Generator Module 
 
 
 
Description This module implements a periodic impulse macro. The output variable Out is set 



to 0x00007FFF for 1 sampling period. The period of the output signal Out is 
specified by the input Period. 



. 
 



 
 



 
    



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point     
 



C Version File Names: impulse.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Out 
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Period 
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IMPULSE C Interface 
 



 
C Interface 
 
Object Definition  



The structure of IMPULSE object is defined by following structure definition 
 



typedef struct { Uint32  Period;      // Input: Period of output in # of sampling cycles (Q0)  
             Uint32  Out;           // Output: Impulse output (0x00000000 or 0x00007FFF)  
             Uint32  Counter;    // Variable: Impulse generator counter (Q0)  
            } IMPULSE;                           
 
 
    



Item Name Description Format* Range(Hex) 
Input Period Period of output in # of sampling 



period Q0 00000000-7FFFFFFF 



Output Out Impulse output Q0 0 or 00007FFF 
Internal Counter Impulse generator counter Q0 00000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 IMPULSE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the impulse generator. To create multiple instances of the module simply declare variables of 
type IMPULSE. 



  
 
 IMPULSE_DEFAULTS 



Structure symbolic constant to initialize IMPULSE module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two IMPULSE objects 
             IMPULSE ig1, ig2; 
 



Initialization 
To Instance pre-initialized objects 
IMPULSE ig1 = IMPULSE_DEFAULTS; 
IMPULSE ig2 = IMPULSE_DEFAULTS; 
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IMPULSE C Interface 
 



 
Invoking the computation macro 
IMPULSE_MACRO (ig1); 
IMPULSE_MACRO (ig2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



ig1.Period = input1;      // Pass inputs to ig1  
ig2.Period = input2;      // Pass inputs to ig2  
 
IMPULSE_MACRO (ig1);  // Call compute macro for ig1    
IMPULSE_MACRO (ig2);  // Call compute macro for ig2    
 



             out1 = ig1.Out;    // Access the outputs of ig1  
             out2 = ig2.Out;    // Access the outputs of ig2  
 
} 
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IMPULSE Technical Background 
 
 
Technical Background 
 



 
Implements the following equation: 
 
Out = 0x00007FFF, for t = n . Tout, n = 1, 2, 3, ……. 
           = 0, otherwise 
where, 
Tout = Time period of output pulses = Period x Ts 
Ts = Sampling time period 
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MOD6_CNT Modulo 6 Counter Module 
 
 
 
Description This module implements a modulo 6 counter. It counts from state 0 through 5, 



then resets to 0 and repeats the process.  The state of the output variable 
Counter changes to the next state every time it receives a trigger input through 
the input variable TrigInput. 



. 



MOD6CNT 
MACRO



TrigInput Counter



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: mod6_cnt.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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MOD6_CNT C Interface 
 
 
C Interface 
 
Object Definition  



The structure of MOD6CNT object is defined by following structure definition 
 



typedef struct { Uint32  TrigInput;       // Input: Modulo 6 counter trigger 0x0000 or 0x7FFF)  
             Uint32  Counter;        // Output: Modulo 6 counter output  (0,1,2,3,4,5)  
           } MOD6CNT;                           
 
    



Item Name Description Format* Range(Hex) 
Input TrigInput Modulo 6 counter trigger Q0 0 or 7FFF 
Outputs Counter Modulo 6 counter output Q0 0,1,2,3,4,5 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 MOD6CNT 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the modulo 6 counter. To create multiple instances of the module simply declare variables of 
type MOD6CNT. 



  
 
 MOD6CNT_DEFAULTS 



Structure symbolic constant to initialize MOD6CNT module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two MOD6CNT objects 
             MOD6CNT mod1, mod2; 
 



Initialization 
To Instance pre-initialized objects 
MOD6CNT mod1 = MOD6CNT_DEFAULTS; 
MOD6CNT mod2 = MOD6CNT_DEFAULTS; 



 
Invoking the computation macro 
MOD6CNT_MACRO (mod1); 
MOD6CNT_MACRO (mod2); 
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MOD6_CNT C Interface 
 



 
Example 



The following pseudo code provides the information about the module usage.  
 



main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



mod1.TrigInput = input1;     // Pass inputs to mod1  
mod2.TrigInput = input2;     // Pass inputs to mod2  
 
MOD6CNT_MACRO (mod1);  // Call compute macro for mod1   
MOD6CNT_MACRO (mod2);  // Call compute macro for mod2    
 



             out1 = mod1.Counter;   // Access the outputs of mod1  
             out2 = mod2.Counter;   // Access the outputs of mod2    
 
} 
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MOD6_CNT Technical Background 
 
 
Technical Background 
 



 
Counter  = 0, when 1st trigger pulse occur (TrigInput is set to 0x7FFF for the 1st time) 
               = 1, when 2nd trigger pulse occur(TrigInput is set to 0x7FFF for the 2nd time) 
               = 2, when 3rd trigger pulse occur (TrigInput is set to 0x7FFF for the 3rd time) 
               = 3, when 4th trigger pulse occur (TrigInput is set to 0x7FFF for the 4th time) 
               = 4, when 5th trigger pulse occur (TrigInput is set to 0x7FFF for the 5th time) 
               = 5, when 6th trigger pulse occur (TrigInput is set to 0x7FFF for the 6th time) 
and repeats the output states for the subsequent pulses. 
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PARK Park Transformation 
 



 
Description This transformation converts vectors in balanced 2-phase orthogonal stationary 



system into orthogonal rotating reference frame. 
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: park.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PARK C Interface 
 



 
 
C Interface 
 
Object Definition  



The structure of PARK object is defined by following structure definition 
 
typedef struct {  _iq  Alpha;    // Input: stationary d-axis stator variable  
  _iq  Beta;  // Input: stationary q-axis stator variable  
  _iq  Ds;   // Output: rotating d-axis stator variable  
  _iq  Qs;   // Output: rotating q-axis stator variable 
   _iq  Sine;  // Input: sine term 
  _iq  Cosine;  // Input: cosine term 
 
           } PARK;              
 
    



Item Name Description Format* Range(Hex) 
Inputs Alpha Direct axis(d) component of the 



transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Beta Quadrature axis(q) component of 
the transformed signal GLOBAL_Q 80000000-7FFFFFFF 



Sine Sine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Cosine Cosine of the phase angle between 
stationary and rotating frame GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ds 



Direct axis(D) component of 
transformed signal in rotating 



reference frame 
GLOBAL_Q 80000000-7FFFFFFF 



Qs 
Quadrature axis(Q) component of 



transformed signal in rotating 
reference frame 



GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 PARK 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the Park variable transformation. To create multiple instances of the module simply declare 
variables of type PARK. 



  
 
 PARK_DEFAULTS 



Structure symbolic constant to initialize PARK module. This provides the initial values to the 
terminal variables as well as method pointers.  
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PARK C Interface 
 



 
Module Usage   



 
Instantiation 



             The following example instances two PARK objects 
             PARK  park1, park2; 
 



Initialization 
To Instance pre-initialized objects 
PARK park1 = PARK_DEFAULTS; 
PARK park2 = PARK_DEFAULTS; 



 
Invoking the computation macro 
PARK_MACRO(park1); 
PARK_MACRO(park2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



park1.Alpha = ds1;             // Pass inputs to park1  
         park1.Beta = qs1;          // Pass inputs to park1  
 park1.Angle = ang1;               // Pass inputs to park1    
 



park2.Alpha = ds2;             // Pass inputs to park2  
         park2.Beta = qs2;                  // Pass inputs to park2  
 park2.Angle = ang2;               // Pass inputs to park2    



 
PARK_MACRO(park1);  // Call compute macro for park1    
PARK_MACRO(park2);  // Call compute macro for park2    
 



             de1 = park1.Ds;   // Access the outputs of park1    
 qe1 = park1.Qs;       // Access the outputs of park1    
   
             de2 = park2.Ds;   // Access the outputs of park2   
 qe2 = park2.Qs;       // Access the outputs of park2   
 
} 
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PARK Technical Background 
 
 
Technical Background 
 



Implements the following equations: 



 
 
This transformation converts vectors in 2-phase orthogonal stationary system into the rotating 
reference frame as shown in figure below: 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
The instantaneous input quantities are defined by the following equations: 
 
 
 
 
 
 
 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. park.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Inputs 
Iα Alpha 
Iβ Beta 
sin Sine 
cos Cosine 



Outputs 
ID Ds 
IQ Qs 



 
Table 1: Correspondence of notations 
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PHASE_VOLT Phase Voltage Reconstruction 
 
 
 
Description This software module calculates three phase voltages impressing to the 3-ph 



electric motor (i.e., induction or synchronous motor) by using the conventional 
voltage-source inverter. Three phase voltages can be reconstructed from the DC-
bus voltage and three switching functions of the upper power switching devices 
in the inverter. In addition, this software module also includes the clarke 
transformation changing from three phase voltages into two stationary dq-axis 
phase voltages. 



 
 



VOLT
MACRO



1MfuncV
2MfuncV
3MfuncV



DcBusVolt



VphaseA
VphaseB
VphaseC



Valpha



Vbeta
                    



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point     
 



C Version File Names: volt_calc.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PHASE_VOLT C Interface 
 
 
C Interface 
 
Object Definition  



The structure of PHASEVOLTAGE object is defined by following structure definition 
 



typedef struct { _iq  DcBusVolt; // Input: DC-bus voltage  
    _iq  MfuncV1;   // Input: Modulation voltage phase A  
    _iq  MfuncV2;  // Input: Modulation voltage phase B  
    _iq  MfuncV3;  // Input: Modulation voltage phase C  
                            Uint32  OutOfPhase;   // Parameter: Out of Phase adjustment (0 or 1) 
      _iq  VphaseA;  // Output: Phase voltage phase A  
    _iq  VphaseB;  // Output: Phase voltage phase B  
    _iq  VphaseC;  // Output: Phase voltage phase C  
    _iq  Valpha;  // Output: Stationary d-axis phase voltage  
    _iq  Vbeta;    // Output: Stationary q-axis phase voltage  
  } PHASEVOLTAGE;                     
 



 
    



Item Name Description Format* Range(Hex) 
Inputs DcBusVolt DC-bus voltage GLOBAL_Q 80000000-7FFFFFFF 



MfuncV1 Switching function of upper 
switching device 1 GLOBAL_Q 80000000-7FFFFFFF 



MfuncV2 Switching function of upper 
switching device 2 GLOBAL_Q 80000000-7FFFFFFF 



MfuncV3 Switching function of upper 
switching device 3 GLOBAL_Q 80000000-7FFFFFFF 



Outputs VphaseA Line-neutral phase voltage A GLOBAL_Q 80000000-7FFFFFFF 
VphaseA Line-neutral phase voltage A GLOBAL_Q 80000000-7FFFFFFF 
VphaseA Line-neutral phase voltage A GLOBAL_Q 80000000-7FFFFFFF 
Valpha Stationary d-axis phase voltage GLOBAL_Q 80000000-7FFFFFFF 
Vbeta Stationary q-axis phase voltage GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 PHASEVOLTAGE 



The module definition is created as a data type. This makes it convenient to instance an interface 
to phase voltage reconstruction. To create multiple instances of the module simply declare 
variables of type PHASEVOLTAGE. 



  
 
 PHASEVOLTAGE_DEFAULTS 



Structure symbolic constant to initialize PHASEVOLTAGE module. This provides the initial values 
to the terminal variables as well as method pointers.  
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PHASE_VOLT C Interface 
 
 
 
Module Usage   



 
Instantiation 



             The following example instances two PHASEVOLTAGE objects 
             PHASEVOLTAGE volt1, volt2; 
 



Initialization 
To Instance pre-initialized objects 
PHASEVOLTAGE volt1 = PHASEVOLTAGE_DEFAULTS; 
PHASEVOLTAGE volt2 = PHASEVOLTAGE_DEFAULTS; 



 
Invoking the computation macro 
VOLT_MACRO(volt1); 
VOLT_MACRO(volt2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



volt1.DcBusVolt = dc_volt1;             // Pass inputs to volt1  
         volt1.MfuncV1 = M1_1;                  // Pass inputs to volt1  
         volt1.MfuncV2 = M2_1;                  // Pass inputs to volt1  
         volt1.MfuncV3 = M3_1;                  // Pass inputs to volt1  



 
volt2.DcBusVolt = dc_volt2;             // Pass inputs to volt2 



         volt2.MfuncV1 = M1_2;                  // Pass inputs to volt2 
         volt2.MfuncV2 = M2_2;                  // Pass inputs to volt2 
         volt2.MfuncV3 = M3_2;                  // Pass inputs to volt2 



 
VOLT_MACRO(volt1);   // Call compute macro for volt1   
VOLT_MACRO(volt2);   // Call compute macro for volt2   
 



             Vd1 = volt1.Valpha;   // Access the outputs of volt1 
 Vq1 = volt1.Vbeta;       // Access the outputs of volt1   
   
             Vd2 = volt2.Valpha;   // Access the outputs of volt2  
 Vq2 = volt2.Vbeta;       // Access the outputs of volt2   
} 
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PHASE_VOLT Technical Background 
 
 
Technical Background 
 



 
The phase voltage of a general 3-ph motor (Van, Vbn, and Vcn) can be calculated from the DC-bus 
voltage (Vdc) and three upper switching functions of inverter (S1, S2, and S3). The 3-ph windings of 
motor are connected as the Υ connection without a neutral return path (or 3-ph, 3-wire system). 
The overall system can be shown in Figure 1.      
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Figure 1: Voltage-source inverter with a 3-ph electric motor 



 
Each phase of the motor is simply modeled as a series impedance of resistance and inductance 
(r, L) and back emf (ea, eb, ec). Thus, three phase voltages can be computed as 



                                 a
a



anaan e
dt
di



LriVVV ++=−=     (1) 



                                 b
b



bnbbn e
dt
di



LriVVV ++=−=      (2) 



                                 c
c



cnccn e
dt
di



LriVVV ++=−=      (3) 



Summing these three phase voltages, yields 



      ( ) ( )
cba



cba
cbancba eee



dt
iiid



LriiiV3VVV +++
++



+++=−++     (4) 



Without a neutral return path, according to KCL, i.e., 0iii cba =++ , and the back emfs are 



balanced and symmetrical due to the 3-ph winding structures, i.e., 0eee cba =++ , so (4) 
becomes 



                                               0VVV cnbnan =++        (5) 
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PHASE_VOLT Technical Background 
 
Furthermore, the neutral voltage can be simply derived from (4)-(5) as  
 



                                             ( )cban VVV
3
1V ++=           (6) 



Now three phase voltages can be calculated as  



                              ( ) cbacbaaan V
3
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                              ( ) baccbaccn V
3
1V



3
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3
2VVV



3
1VV −−=++−=         (9) 



Three voltages Va, Vb, Vc are related to the DC-bus voltage (Vdc) and three upper switching 
functions (S1, S2, S3) as the following relation. 



                                                    dc1a VSV =             (10) 



                                                    dc2b VSV =             (11) 



                                                    dc3c VSV =             (12) 
where S1, S2, S3 = either 0 or 1, and S4 = 1-S1, S5 = 1-S2, and S6 = 1-S3.       (13) 
 
As a result, three phase voltages in (7)-(9) can also be expressed in terms of DC-bus voltage and 
three upper switching functions as follows: 
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It is emphasized that the S1, S2, and S3 are defined as the upper switching functions. If the lower 
switching functions are available instead, then the out-of-phase correction of switching functions 
is required in order to get the upper switching functions as easily computed from equation (13).   
 
Next the clarke transformation changing from three phase voltages (Van, Vbn, and Vcn) to the 



stationary dq-axis phase voltages (
s
dsV , and s



qsV ) are applied by using the following 
relationship. Because of the balanced system (5), Vcn is not used in clarke transformation. 



                                                        an
s
ds VV =             (17) 



                                                        ( )bnan
s
qs V2V



3
1V +=            (18) 



Figure 2 depicts the abc-axis and stationary dq-axis components for the stator voltages of motor. 
Notice that the notation of the stationary dq-axis is sometimes used as the stationary αβ-axis, 
accordingly.  
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PHASE_VOLT Technical Background 
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Figure 2: The abc-axis and stationary dq-axis components of the stator phase voltages 



 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e., volt_calc.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Inputs 
S1 MfuncV1 
S2 MfuncV2 
S3 MfuncV3 
Vdc DcBusVolt 



Outputs 
Van VphaseA 
Vbn VphaseB 
Vcn VphaseC 



s
dsV  Valpha 



s
qsV  Vbeta 



 
Table 1: Correspondence of notations 
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PI  PI Controller 
 
 
Description This module implements a simple 32-bit digital PI controller with anti-windup 



correction.  
 
 
       
                
 
          
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: pi.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PI  C Interface 
 
 
C Interface 
 
Object Definition  



 
The structure of PI object is defined by following structure definition 



 
typedef struct { 



Ref      // Input: reference set-point 
Fbk     // Input: feedback 
Out     // Output: controller output  
Kp  // Parameter: proportional loop gain 
Ki  // Parameter: integral gain 
Umax  // Parameter: upper saturation limit 
Umin  // Parameter: lower saturation limit 
up  // Data: proportional term 
ui  // Data: integral term 
v1  // Data: pre-saturated controller output 
i1  // Data: integrator storage: ui(k-1) 
w1  // Data: saturation record: [u (k-1) - v(k-1)]                



            } PI; 
 



Module Terminal Variables/Macros  



Item Name Description Format* Range(Hex) 
Input Ref Reference input GLOBAL_Q 80000000-7FFFFFFF 



Fbk Feedback input GLOBAL_Q 80000000-7FFFFFFF 
UMax Maximum PI32 module output GLOBAL_Q 80000000-7FFFFFFF 
UMin Minimum  PI32 module output GLOBAL_Q 80000000-7FFFFFFF 



Output Out PI Output (Saturated) GLOBAL_Q 80000000-7FFFFFFF 
PI 
parameter 



Kp Proportional gain GLOBAL_Q 80000000-7FFFFFFF 
Ki Integral gain GLOBAL_Q 80000000-7FFFFFFF 



Internal up Proportional term GLOBAL_Q 80000000-7FFFFFFF 
ui Integral term GLOBAL_Q 80000000-7FFFFFFF 
v1 Pre-saturated controller output  GLOBAL_Q 80000000-7FFFFFFF 
i1 Integrator storage GLOBAL_Q 80000000-7FFFFFFF 
w1 Saturation record GLOBAL_Q 80000000-7FFFFFFF 



*GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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PI  C Interface 
 
 
Special Constants and Data types 
  



PI 
The module definition is created as a data type. This makes it convenient to instance an interface 
to the PI module. To create multiple instances of the module simply declare variables of type PI. 



  
 
 PI_DEFAULTS 



Structure symbolic constant to initialize PI module. This provides the initial values to the terminal 
variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances two PI objects 
             PI  pi1, pi2; 
 
 Initialization 



To Instance pre-initialized objects 
PI pi1 = PI_DEFAULTS; 
PI pi2 = PI_DEFAULTS; 



 
Invoking the computation macro 
PI_MACRO(pi1); 
PI_MACRO(pi2); 
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PI  C Interface 
 
 
Example 



 
The following pseudo code provides the information about the module usage.  
 



              /* Instance the PI module */ 
             PI   pi1=PI_DEFAULTS; 



PI   pi2=PI_DEFAULTS; 
 
main() 
{ 



 
pi1.Kp = _IQ(0.5);   // Pass _iq parameters to pi1 
pi1.Ki  = _IQ(0.001);   // Pass _iq parameters to pi1 
pi1.Umax =_IQ(0.9);  // Pass _iq parameters to pi1 



  pi1.Umin  =_IQ(-0.9);  // Pass _iq parameters to pi1 
 
pi2.Kp = _IQ(0.8);   // Pass _iq parameters to pi2  
pi2.Ki  = _IQ(0.0001);   // Pass _iq parameters to pi2  
pi1.Umax =_IQ(0.9);  // Pass _iq parameters to pi2  
pi1.Umin  =_IQ(-0.9);  // Pass _iq parameters to pi2  



 
 
} 



 
void interrupt periodic_interrupt_isr() 
{  



pi1.Ref = input1_1;   // Pass _iq inputs to pi1 
pi1.Fdb = input1_2;   // Pass _iq inputs to pi1  
pi2.Ref = input2_1;   // Pass _iq inputs to pi2  
pi2.Fdb = input2_2;   // Pass _iq inputs to pi2  



  
PI_MACRO(pi1);  // Call compute macro for pi1    



 PI_MACRO(pi2);  // Call compute macro for pi2   
 
 output1 = pi1.Out;  // Access the output of pi1   
 output2 = pi2.Out;  // Access the output of pi2  
} 



 
 
 
 
 
 
 
 
 
 
 
 
 
 











 



C2000 Systems and Applications   76 
 



PI  Technical Background 
 
 
Technical Background 
 
The PI_cntl module implements a basic summing junction and P+I control law with the following features: 



• Programmable output saturation 
• Independent reference weighting on proportional path 
• Anti-windup integrator reset 
 



The PI controller is a sub-set of the PID controller.  All input, output and internal data is in I8Q24 fixed-
point format. A block diagram of the internal controller structure is shown below. 
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a) Proportional path 
 
The proportional path is a direct connection between the error term and a summing junction with the 
integral path. The error term is: 
 



)()()( kykrke −=  ...................................................................................... (1) 



 
 



Proportional gain is applied to the sum of proportional and integral paths, as described in section c).  
 
 



b) Integral path 
 
The integral path consists of a discrete integrator which is pre-multiplied by a term derived from the output 
module. The term w1 is either zero or one, and provides a means to disable the integrator path when 
output saturation occurs. This prevents the integral term from “winding up” and improves the response 
time on recovery from saturation. The integrator law used is based on a backwards approximation. 
 



[ ])()()1()( kykrKkuku iii −+−=  ................................................................ (2) 
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PI  Technical Background 
 
 



c) Output path 
 
The output path contains a multiplying term (Kp) which acts on the sum of the proportional and integral 
controller terms. The result is then saturated according to user programmable upper and lower limits to 
give the controller output.  
 
The pre-and post-saturated terms are compared to determine whether saturation has occurred, and if so, 
a zero or one result is produced which is used to disable the integral path (see above). The output path 
law is defined as follows. 
 



[ ])()()(1 kukuKkv ipp +=  ............................................................................ (3) 
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Tuning the P+I controller 
 
Default values for the controller coefficients are defined in the macro header file which apply unity gain 
through the proportional path, and disable both integral and derivative paths. A suggested general 
technique for tuning the controller is now described.  
 
Step 1. Ensure integral is set to zero and proportional gain set to one.  
 
Step 2.  Gradually adjust proportional gain variable (Kp) while observing the step response to achieve 
optimum rise time and overshoot compromise. 
 
Step 3. If necessary, gradually increase integral gain (Ki) to optimize the return of the steady state output 
to nominal. The controller will be very sensitive to this term and may become unstable so be sure to start 
with a very small number. Integral gain will result in an increase in overshoot and oscillation, so it may be 
necessary to slightly decrease the Kp term again to find the best balance. Note that if the integral gain is 
used then set to zero, a small residual term may persist in ui.  
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PID  PID Controller 
 
 
Description This module implements a 32-bit digital PID controller with anti-windup 



correction.  
 
 
       
                
 
          
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: pid_grando.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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PID  C Interface 
 
 
C Interface 
 
Object Definition  



 
The structure of PI object is defined by following structure definitions 



 
typedef struct { 



_iq Ref     // Input: reference set-point 
_iq Fbk    // Input: feedback 
_iq Out    // Output: controller output  
_iq c1    // Internal: derivative filter coefficient 
_iq c2    // Internal: derivative filter coefficient 
_iq Iae // Output: performance index 
_iq Err // Internal: servo error 
                



            } PID_TERMINALS; 
 



typedef struct {   
  _iq  Kr; // Parameter: reference set-point weighting  



    _iq  Kp; // Parameter: proportional loop gain 
    _iq  Ki;             // Parameter: integral gain 
    _iq  Kd;  // Parameter: derivative gain 
    _iq  Km;  // Parameter: derivative weighting 
    _iq  Umax; // Parameter: upper saturation limit 
    _iq  Umin; // Parameter: lower saturation limit 
    _iq Kiae // Parameter: IAE scaling 
  } PID_PARAMETERS; 
 
typedef struct {    



  _iq  up; // Data: proportional term 
    _iq  ui;  // Data: integral term 
    _iq  ud; // Data: derivative term 
    _iq  v1; // Data: pre-saturated controller output 
    _iq  i1;  // Data: integrator storage: ui(k-1) 
    _iq  d1; // Data: differentiator storage: ud(k-1) 
    _iq  d2; // Data: differentiator storage: d2(k-1)  
    _iq  w1; // Data: saturation record: [u(k-1) - v(k-1)] 
  } PID_DATA; 
 
 
typedef struct {   



PID_TERMINALS term; 
  PID_PARAMETERS param; 
  PID_DATA  data; 
            } PID_CONTROLLER; 
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PID  C Interface 
 
 
Special Constants and Data types 
  



PID 
The module definition is created as a data type. This makes it convenient to instance an interface 
to the PID module. To create multiple instances of the module simply declare variables of type 
PID. 



  
 
 PID_DEFAULTS 



Structure symbolic constant to initialize PID module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances PID object 
             PID pid1; 
 
 Initialization 



To Instance pre-initialized objects 
PID pid1 = { PID_TERM_DEFAULTS, PID_PARAM_DEFAULTS, PID_DATA_DEFAULTS }; 
 
Invoking the computation macro 
PID_MACRO(pid1); 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











 



C2000 Systems and Applications   81 
 



PID  C Interface 
 
 
Example 



 
The following pseudo code provides the information about the module usage.  
 



              /* Instance the PID module */ 
 
             PID   pid1={ PID_TERM_DEFAULTS, PID_PARAM_DEFAULTS, PID_DATA_DEFAULTS }; 
 



main() 
{ 



 
 pid1.param.Kp = _IQ(0.5); 
     pid1.param.Ki  = _IQ(0.005); 
     pid1.param.Kd = _IQ(0); 
     pid1.param.Kr  = _IQ(1.0); 
     pid1.param.Km =_IQ(1.0); 
     pid1.param.Umax= _IQ(1.0); 
     pid1.param.Umin= _IQ(-1.0); 
 
} 



 
void interrupt periodic_interrupt_isr() 
{  



pid1.Ref = input1_1;   // Pass _iq inputs to pid1 
pid1.Fbk = input1_2;   // Pass _iq inputs to pid1  



  
PID_MACRO(pid1);  // Call compute macro for pid1    



   
 output1 = pid1.Out;  // Access the output of pid1   
   
} 
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PID  Technical Background 
 
 
Technical Background  
 
The PID Grando module implements a basic summing junction and PID control law with the following 
features: 



• Programmable output saturation 
• Independent reference weighting on proportional path 
• Independent reference weighting on derivative path 
• Anti-windup integrator reset 
• Programmable derivative filter 
• Transient performance measurement 



 
PID Grando is an example of a PID structure often called "standard" form, in which proportional gain is 
applied after the three controller paths have been summed.  This contrasts with the "parallel" PID form, in 
which P, I, and D gains are applied in separate paths. All input, output and internal data is in I8Q24 fixed-
point format. A block diagram of the internal controller structure is shown below. 
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Block diagram of the internal controller structure 
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PID  Technical Background 
 
 
a) Proportional path 
 
The servo error is the difference between the reference input and the feedback input. Proportional gain is 
usually applied directly to servo error, however a feature of the Grando controller is that sensitivity of the 
proportional path to the reference input can be weighted differently to that of the feedback input. This 
provides an additional degree of freedom when tuning the controller.  The proportional control law is: 
 



)()()( kykrKku rp −=  ................................................................................ (2) 



Note that “proportional” gain is applied to the sum of all three terms and will be described in section d).  
 
 



b) Integral path 
 
The integral path consists of a discrete integrator which is pre-multiplied by a scalar gain (Ki) and a term 
derived from the output saturation module. The term w1 is either zero or one, and provides a means to 
disable the integrator path when output saturation occurs. This prevents the integrator from “winding up” 
and improves the recovery time following saturation in the control loop. The integrator law used in Grando 
is based on a backwards approximation. 
 



[ ])()()()1()( 1 kykrKkwkuku iii −+−=  ......................................................... (2) 



c) Derivative path 
 
The derivative term is a backwards approximation of the difference between the current and previous 
servo error. The input is the difference between the reference and feedback terms, and like the 
proportional term, the reference path can be weighted independently to provide an additional variable for 
tuning.  



 
A first order digital filter is applied to the derivative term to reduce nose amplification at high frequencies. 
Filter cutoff  frequency is determined by two coefficients (c1 & c2). The derivative law is shown below. 



 



)()()( kykrKke m −=  .................................................................................. (3) 



[ ])1()()1()( 112 −−+−= keckeckucKku idd .................................................... (4) 



Filter coefficients are based on the cut-off frequency (a) in Hz and sample period (T) in seconds as 
follows: 



 



ac =1  ....................................................................................................... (5) 



Tcc 12 1−=  ................................................................................................ (6) 
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PID  Technical Background 
 
 
d) Output path 
 
The output path contains a multiplying term (Kp) which acts on the sum of the three controller parts. The 
result is then saturated according to user programmable upper and lower limits to give the output term.  
 
The pre-and post-saturated terms are compared to determine whether saturation has occurred, and if so, 
a zero value is assigned to the variable w1(k) which is used to disable the integral path (see above). The 
output path law is defined as follows. 
 



[ ])()()()(1 kukukuKkv dipp ++=  ................................................................. (7) 
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e) Performance measurement 
 
The Grando controller contains a single line of code which implements an IAE algorithm (Integral of 
Absolute Error). This integrates the absolute difference between the input reference and feedback (i.e. 
servo error), and can be used to tune transient performance by subjecting the loop to a step change of 
input reference and allowing the IAE term to integrate over a fixed time.  
 
 



t



 
 
A small value of IAE indicates small absolute difference between the input reference and the measured 
output. Controller parameters may be adjusted iteratively to minimise measured IAE.  
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PID  Technical Background 
 
 
The IAE measurement is implemented as follows. 
 



)()()1()( kykrKkIAEkIAE iae −+−=  ..................................................... (10) 



It is the task of the user code to reset and enable the IAE measurement (see below).  The feature may be 
enabled and disabled by setting the Kiae term to one or zero respectively. The IAE output may be reset by 
setting the Iae term to zero. The Kiae term may be set to a value smaller than one if integrator overflow is 
an issue.  The user may comment out the last line of the PID Grando macro to reduce cycle count if IAE 
is not required. 
 
 
Tuning the controller 
 
Default values for the controller coefficients are defined in the macro header file which apply unity gain 
through the proportional path, and disable IAE, integral and derivative paths. A suggested general 
technique for tuning the controller is now described.  
 
Steps 1-4 are based on tuning a transient produced either by a step change in either load or reference 
set-point. 
 
Step 1. Ensure integral and derivative gains are set to zero. Ensure also the reference weighting 
coefficients (Kr & Km) are set to one.  
 
Step 2.  Gradually adjust proportional gain variable (Kp) while observing the step response to achieve 
optimum rise time and overshoot compromise. 
 
Step 3. If necessary, gradually increase integral gain (Ki) to optimize the return of the steady state output 
to nominal. The controller will be very sensitive to this term and may become unstable so be sure to start 
with a very small number. Integral gain will result in an increase in overshoot and oscillation, so it may be 
necessary to slightly decrease the Kp term again to find the best balance. Note that if the integral gain is 
used then set to zero, a small residual term may persist in ui.  
 
Step 4. If the transient response exhibits excessive oscillation, this can sometimes be reduced by 
applying a small amount of derivative gain. To do this, first ensure the coefficients c1 & c2 are set to one 
and zero respectively. Next, slowly add a small amount of derivative gain (Kd).   
 
Steps 5 & 6 only apply in the case of tuning a transient set-point. In the regulator case, or where the set-
point is fixed and tuning is conducted against changing load conditions, they are not useful. 



Step 5. Overshoot and oscillation following a set-point transient can sometimes be improved by lowering 
the reference weighting in the proportional path. To do this, gradually reduce the Kr term from its nominal 
unity value to optimize the transient. Note that this will change the loop sensitivity to the input reference, 
so the steady state condition will change unless integral gain is used. 



Step 6. If derivative gain has been applied, transient response can often be improved by changing the 
reference weighting, in the same way as step 6 except that in the derivative case steady state should not 
be affected. Slowly reduce the Km variable from it’s nominal unity value to optimize overshoot and 
oscillation. Note that in many cases optimal performance is achieved with a reference weight of zero in 
the derivative path, meaning that the differential term acts on purely the feedback, with no contribution 
from the input reference. This can help to avoid derivative "kick" which occurs following a sudden change 
in input reference. 
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PID  Technical Background 
 
 
The derivative path introduces a term which has a frequency dependent gain. At higher frequencies, this 
can cause noise amplification in the loop which may degrade servo performance. If this is the case, it is 
possible to filter the derivative term using a first order digital filter in the derivative path. Steps 7 & 8 
describe the derivative filter. 



Step 7. Select a filter roll-off frequency in radians/second. Use this in conjunction with the system sample 
period (T) to calculate the filter coefficients c1 & c2 (see equations 5 & 6). 



Step 8. Note that the c1 coefficient will change the derivative path gain, so adjust the value of Kd to 
compensate for the filter gain. Repeat steps 5 & 6 to optimize derivative path gain. 



 



Tuning with IAE 



The IAE measurement feature may be useful in determining optimal controller settings based on transient 
response. The user code should reset and enable IAE just before applying a transient change as follows: 



 
 // reset and enable IAE 
 pid1.term.Iae = _IQ(0.0); 
 pid1.Param.Kiae = _IQ(1.0); 



After a fixed time, the IAE integrator should be disabled and the measurement read as follows: 



 
// disable IAE integrator 



 pid1.param.Kiae = _IQ(0.0); 
 IAE = pid1.term.Iae; 



The user should ensure that the integration period is sufficiently long to allow transient effects to dissipate 
and should remain fixed between iterative tests for comparisons to be valid.  Controller settings may be 
adjusted using steps 1 to 8 above to minimise measured IAE.  



 



Saturation & Integrator Wind-up 



The Grando controller includes a saturation block to limit the range of the control effort, u(k). If the output 
saturates, the integrator is disabled to prevent a phenomenon known as "wind-up". In cases where 
saturation may occur in other parts of the control loop, user code should disable integral action by 
temporarily setting the integrator gain (Ki) to zero when saturation occurs, and restoring it once saturation 
has been cleared.  
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RAMP_GEN Ramp Generator 
 



 
 
Description This module generates ramp output of adjustable gain, frequency and dc offset. 
 
 
 
 
 
                            



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rampgen.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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RAMP_GEN C Interface 
 
 
C Interface 
 
Object Definition  



The structure of RAMPGEN object is defined by following structure definition 
 



typedef struct { _iq  Freq;    // Input: Ramp frequency                      
                        _iq  StepAngleMax; // Parameter: Maximum step angle    



_iq  Angle;  // Variable: Step angle   
_iq  Gain;  // Input: Ramp gain   



            _iq  Out;     // Output: Ramp signal    
            _iq  Offset;  // Input: Ramp offset  
            } RAMPGEN;              
 



 
    



Item Name Description Format* Range(Hex) 



Inputs 
Freq Ramp frequency GLOBAL_Q 80000000-7FFFFFFF 
Gain Ramp gain GLOBAL_Q 80000000-7FFFFFFF 
Offset Ramp offset GLOBAL_Q 80000000-7FFFFFFF 



Outputs Out Ramp signal GLOBAL_Q 80000000-7FFFFFFF 
RAMPGEN 
parameter StepAngleMax sv_freq_max = fb*T GLOBAL_Q 80000000-7FFFFFFF 



Internal Angle Step angle GLOBAL_Q 80000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 RAMPGEN 



The module definition is created as a data type. This makes it convenient to instance an interface 
to ramp generator. To create multiple instances of the module simply declare variables of type 
RAMPGEN. 



  
 
 RAMPGEN_DEFAULTS 



Structure symbolic constant to initialize RAMPGEN module. This provides the initial values to the 
terminal variables as well as method pointers.  
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RAMP_GEN C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two RAMPGEN objects 
             RAMPGEN rg1, rg2; 
 



Initialization 
To Instance pre-initialized objects 
RAMPGEN rg1 = RAMPGEN_DEFAULTS; 
RAMPGEN rg2 = RAMPGEN_DEFAULTS; 



 
Invoking the computation macro 
RG_MACRO(rg1); 
RG_MACRO(rg2); 
 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rg1.Freq = freq1;              // Pass inputs to rg1  
rg1.Gain = gain1;              // Pass inputs to rg1  
rg1.Offset = offset1;              // Pass inputs to rg1  
 
rg2.Freq = freq2  // Pass inputs to rg2  
rg2.Gain = gain2;              // Pass inputs to rg2  
rg2.Offset = offset2;              // Pass inputs to rg2  
 
RC_MACRO(rg1);  // Call compute macro for rg1  
RC_MACRO(rg2);  // Call compute macro for rg1  
 



             out1 = rg1.Out;   // Access the outputs of rg1   
             out2 = rg2.Out;   // Access the outputs of rg1    
} 
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RAMP_GEN Technical Background 
 
 
Technical Background 
 



In this implementation the frequency of the ramp output is controlled by a precision frequency 
generation algorithm which relies on the modulo nature (i.e. wrap-around) of finite length 
variables in 28xx. One such variable, called StepAngleMax (a data memory location in 28xx) in 
this implementation, is used as a variable to determine the minimum period (1/frequency) of the 
ramp signal. Adding a fixed step value to the Angle variable causes the value in Angle to cycle at 
a constant rate.  



                                                      Angle  = Angle + StepAngleMax × Freq        
 



At the end limit the value in Angle simply wraps around and continues at the next modulo value 
given by the step size.  



For a given step size, the frequency of the ramp output (in Hz) is given by: 



 
m2



fsStepAnglef ×
=   



where fs = sampling loop frequency in Hz and m = # bits in the auto wrapper variable Angle. 



From the above equation it is clear that a StepAngle value of 1 gives a frequency of 0.3052Hz 
when m=16 and fS=20kHz. This defines the frequency setting resolution of the 



 
For IQmath implementation, the maximum step size in per-unit, StepAngleMax, for a given base 
frequency, fb and a defined GLOBAL_Q number is therefore computed as follows: 



                                       
 



QGLOBAL _
sb 2T faxStepAngleM ××=  



Equivalently, by using _IQ() function for converting from a floating-point number to a _iq number, 
the StepAngleMax can also be computed as 



      
)T f(_axStepAngleM sb ×= IQ  



  
            where Ts is the sampling period (sec). 
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RMP_CNTL Ramp Control 
 
 
Description This module implements a ramp up and ramp down macro. The output flag 



variable EqualFlag is set to 7FFFFFFFh when the output variable SetpointValue 
equals the input variable TargetValue. 



 
 
 
 
 
                            



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rmp_cntl.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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RMP_CNTL C Interface 
 
 
C Interface 
 
Object Definition  



The structure of RMPCNTL object is defined by following structure definition 
 



typedef struct { _iq  TargetValue;   // Input: Target input  
            Uint32  RampDelayMax;  // Parameter: Maximum delay rate (Q0)   



_iq  RampLowLimit;  // Parameter: Minimum limit      
_iq  RampHighLimit;  // Parameter: Maximum limit  



            Uint32 RampDelayCount;   // Variable: Incremental delay (Q0)   
             _iq  SetpointValue;  // Output: Target output      
            Uint32  EqualFlag;  // Output: Flag output (Q0)  
           } RMPCNTL;              
 
    



Item Name Description Format* Range(Hex) 
Inputs TargetValue Target input   GLOBAL_Q 80000000-7FFFFFFF 
Outputs SetpointValue Target output GLOBAL_Q 80000000-7FFFFFFF 



EqualFlag Flag output Q0 80000000-7FFFFFFF 
RMP_CNTL 
parameter 



RampDelayMax Maximum delay rate Q0 80000000-7FFFFFFF 
RampLowLimit Minimum limit GLOBAL_Q 80000000-7FFFFFFF 
RampHighLimit Maximum limit GLOBAL_Q 80000000-7FFFFFFF 



Internal RampDelayCount Incremental delay Q0 80000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 RMPCNTL 



The module definition is created as a data type. This makes it convenient to instance an interface 
to ramp control. To create multiple instances of the module simply declare variables of type 
RAMPGEN. 



  
 
 RMPCNTL_DEFAULTS 



Structure symbolic constant to initialize RMPCNTL module. This provides the initial values to the 
terminal variables as well as method pointers.  
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RMP_CNTL C Interface 
 
 
Module Usage   



 
Instantiation 



             The following example instances two RMPCNTL objects 
             RMPCNTL rc1, rc2; 
 



Initialization 
To Instance pre-initialized objects 
RMPCNTL rc1 = RMPCNTL_DEFAULTS; 
RMPCNTL rc2 = RMPCNTL_DEFAULTS; 



 
Invoking the computation macro 
RC_MACRO(rc1); 
RC_MACRO(rc2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rc1.TargetValue = target1;              // Pass inputs to rc1  
rc2.TargetValue = target2;              // Pass inputs to rc2  
 
RC_MACRO(rc1);   // Call compute macro for rc1  
RC_MACRO(rc2);   // Call compute macro for rc2  
 



             out1 = rc1.SetpointValue;  // Access the outputs of rc1  
             out2 = rc2.SetpointValue;  // Access the outputs of rc2    
} 
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RMP_CNTL Technical Background 
 
 
Technical Background 
 



This software module implements the following equations: 
 
Case 1:  When TargetValue > SetpointValue 
 
SetpointValue = SetpointValue+ _IQ(0.0000305), for t = n . Td, n = 1, 2, 3… 
  and (SetpointValue + _IQ(0.0000305))< RampHighLimit 
                   = RampHighLimit , for (SetpointValue + _IQ(0.0000305))> RampHighLimit 
 
where,  Td = RampDelayMax . Ts 
              Ts = Sampling time period 
 
Case 2:  When TargetValue < SetpointValue 
 
SetpointValue = SetpointValue - _IQ(0.0000305), for t = n . Td, n = 1, 2, 3…..  
    and (SetpointValue - _IQ(0.0000305))> RampLowLimit 
                 = RampLowLimit ,  for (SetpointValue - _IQ(0.0000305))<RampLowLimit 
 
where,  Td = RampDelayMax . Ts 
              Ts = Sampling time period 
 
Note that TargetValue and SetpointValue variables are in _iq format. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example:  
SetpointValue=0(initial value), TargetValue=1000(user specified),  
RampDelayMax=500(user specified), sampling loop time period Ts=0.000025 Sec. 
This means that the time delay for each ramp step is Td=500x0.000025=0.0125 Sec. Therefore, 
the total ramp time will be Tramp=1000x0.0125 Sec=12.5 Sec 
    
 
 



 
 
 



Td 
_IQ(0.0000305) 



TargetValue > SetpointValue 



TargetValue < SetpointValue 
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RampLowLimit  
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SetpointValue 
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RMP2CNTL Ramp 2 Control Module 
 
 
 
Description This module implements a ramp up and ramp down macro. The output variable 



Out follows the desired ramp value DesiredInput. 
. 



 



RC2_MACRO
DesiredInput Out



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rmp2cntl.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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RMP2CNTL C Interface 
 



 
C Interface 
 
Object Definition  



The structure of RMP2 object is defined by following structure definition 
 



typedef struct { _iq15 DesiredInput;         // Input: Desired ramp input (Q15)   
                         _iq15 Ramp2Max;         // Parameter: Maximum limit (Q15)  
             _iq15 Ramp2Min;        // Parameter: Minimum limit (Q15)     
             Uint32  Ramp2DelayCount;    // Variable: Incremental delay (Q0)    
                         Uint32 Ramp2Delay;              // Parameter: Delay in # of sampling period (Q0)      
                         _iq15 Out;                     // Output: Ramp2 output (Q15)  
                       } RMP2; 
 
    



Item Name Description Format* Range(Hex) 
Input DesiredInput Desired ramp input Q15 80000000-7FFFFFFF 
Output Out Ramp 2 output Q15 80000000-7FFFFFFF 



RMP2 
parameter 



Ramp2Max Maximum limit Q15 80000000-7FFFFFFF 
Ramp2Min Minimum limit Q15 80000000-7FFFFFFF 
Ramp2Delay Delay in no. of sampling period  Q0 00000000-7FFFFFFF 



Internal Ramp2DelayCo
unt Incremental delay Q0 00000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 



Special Constants and Data types 
   
 RMP2 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the ramp2 control. To create multiple instances of the module simply declare variables of type 
RMP2. 



  
 
 RMP2_DEFAULTS 



Structure symbolic constant to initialize RMP2 module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two RMP2 objects 
             RMP2  rmp1, rmp2; 
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RMP2CNTL C Interface 
 
 



Initialization 
To Instance pre-initialized objects 
RMP2 rmp1 = RMP2_DEFAULTS; 
RMP2 rmp2 = RMP2_DEFAULTS; 



 
Invoking the computation macro 
RC2_MACRO(rmp1); 
RC2_MACRO(rmp2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rmp1.DesiredInput = input1;     // Pass inputs to rmp1  
rmp2.DesiredInput = input2;     // Pass inputs to rmp2  
 
RC2_MACRO (rmp1);   // Call compute macro for rmp1    
RC2_MACRO (rmp2);   // Call compute macro for rmp2    
 



             out1 = rmp1.Out;   // Access the outputs of rmp1  
             out2 = rmp2.Out;   // Access the outputs of rmp2    
 
} 
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RMP2CNTL Technical Background 
 
 
Technical Background 
 



 
Implements the following equations: 
 
Case 1:  When DesiredInput > Out. 
 
Out= Out+ 1, for t = n . Td, n = 1, 2, 3, ….. and (Out+ 1) < Ramp2Max 
                 = Ramp2Max,  for (Out+ 1) > Ramp2Max 
 
where,  Td = Ramp2Delay . Ts 
             Ts = Sampling time period 
 
Case 2:  When DesiredInput < Out. 
 
Out= Out- 1, for t = n . Td, n = 1, 2, 3, ….. and (Out- 1) > Ramp2Min 
                 = Ramp2Min,  for (Out- 1) < Ramp2Min 
 
where,  Td = Ramp2Delay . Ts 
             Ts = Sampling time period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example:  
Out=0(initial value), DesiredInput=1000(user specified),  
Ramp2Delay=500(user specified), sampling loop time period Ts=0.000025 Sec. 
This means that the time delay for each ramp step is Td=500x0.000025=0.0125 Sec. Therefore, 
the total ramp time will be Tramp=1000x0.0125 Sec=12.5 Sec 
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RMP3CNTL Ramp 3 Control Module 
 
 
Description This module implements a ramp down macro. The output flag variable 



Ramp3DoneFlag is set to 0x7FFFFFFF when the output variable Out equals the 
input variable DesiredInput. 



. 
 



RC3_MACRO
utDesiredInp



Out



lagRamp3DoneF



 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: rmp3cntl.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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RMP3CNTL C Interface 
 
 
C Interface 
 
Object Definition  



The structure of RMP3 object is defined by following structure definition 
 



typedef struct { Uint32 DesiredInput;        // Input: Desired ramp input (Q0)  
             Uint32 Ramp3Delay;       // Parameter: Delay in # of sampling period (Q0)  
             Uint32 Ramp3DelayCount;   // Variable: Counter for rmp3 delay (Q0)  
             int32 Out;        // Output: Ramp3 output (Q0)  
             int32 Ramp3Min;                  // Parameter: Minimum ramp output (Q0)  
                         Uint32 Ramp3DoneFlag;      // Output: Flag output (Q0) ction  
            } RMP3; 
              
    



Item Name Description Format* Range(Hex) 
Input DesiredInput Desired ramp input Q0 80000000-7FFFFFFF 



Outputs Out Ramp 3 output Q0 80000000-7FFFFFFF 
Ramp3DoneFlag Flag output Q0 0 or 7FFFFFFF 



RMP3 
parameter 



Ramp3Min Minimum limit Q0 80000000-7FFFFFFF 
Ramp3Delay Delay in no. of sampling period  Q0 00000000-7FFFFFFF 



Internal Ramp3DelayCount Counter for rmp3 delay Q0 00000000-7FFFFFFF 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
Special Constants and Data types 
   
 RMP3 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the ramp3 control. To create multiple instances of the module simply declare variables of type 
RMP3. 



  
 
 RMP3_DEFAULTS 



Structure symbolic constant to initialize RMP3 module. This provides the initial values to the 
terminal variables as well as method pointers.  
 



 
Module Usage   



 
Instantiation 



             The following example instances two RMP3 objects 
             RMP3  rmp1, rmp2; 
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RMP3CNTL C Interface 
 
 



Initialization 
To Instance pre-initialized objects 
RMP3 rmp1 = RMP3_DEFAULTS; 
RMP3 rmp2 = RMP3_DEFAULTS; 



 
Invoking the computation macro 
RC3_MACRO(rmp1); 
RC3_MACRO(rmp2); 
 



 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



rmp1.DesiredInput = input1;     // Pass inputs to rmp1  
rmp2.DesiredInput = input2;     // Pass inputs to rmp2  
 
RC3_MACRO (rmp1);   // Call compute macro for rmp1  
RC3_MACRO (rmp2);   // Call compute macro for rmp2   
 



             out1 = rmp1.Out;   // Access the outputs of rmp1   
             out2 = rmp2.Out;   // Access the outputs of rmp2    
 
} 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











 



C2000 Systems and Applications   102 
 



RMP3CNTL Technical Background 
 
 
Technical Background 
 



 
Implements the following equations: 
 
Out = Out - 1, for t = n . Td, n = 1, 2, 3, ….. and (Out - 1) > Ramp3Min 
                 = Ramp3Min,  for (Out - 1) < Ramp3Min 
 
Ramp3DoneFlag = 7FFFh, when Out = DesiredInput or Ramp3Min 
 
where,  Td = Ramp3Delay . Ts 
             Ts = Sampling time period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example:  
Out=500(initial value), DesiredInput=20(user specified),  
Ramp3Delay=100(user specified), sampling loop time period Ts=0.000025 Sec. 
This means that the time delay for each ramp step is Td=100x0.000025=0.0025 Sec. Therefore, 
the total ramp down time will be Tramp=(500-20)x0.0025 Sec=1.2 Sec 
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SMO Sliding Mode Observer 
 
 
 
Description This software module implements a rotor position estimation algorithm for 



Permanent-Magnet Synchronous Motor (PMSM) based on Sliding-Mode 
Observer (SMO). 



. 
 



    



SMO
MACRO



Valpha



Vbeta



Ialpha



Ibeta



Theta



Zalpha



Zbeta



 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: smopos.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SMO C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SMOPOS object is defined by following structure definition 
 



typedef struct {  _iq  Valpha;    // Input: Stationary alpha-axis stator voltage  
                          _iq  Ealpha;    // Variable: Stationary alpha-axis back EMF  
                   _iq  Zalpha;       // Output: Stationary alpha-axis sliding control  
                    _iq  Gsmopos;   // Parameter: Motor dependent control gain  
                   _iq  EstIalpha;    // Variable: Estimated stationary alpha-axis stator current  
                   _iq  Fsmopos;    // Parameter: Motor dependent plant matrix  
                   _iq  Vbeta;    // Input: Stationary beta-axis stator voltage  
                   _iq  Ebeta;   // Variable: Stationary beta-axis back EMF  
                   _iq  Zbeta;       // Output: Stationary beta-axis sliding control  
                   _iq  EstIbeta;     // Variable: Estimated stationary beta-axis stator current  
                   _iq  Ialpha;   // Input: Stationary alpha-axis stator current  
                   _iq  lalphaError;  // Variable: Stationary alpha-axis current error                  
                   _iq  Kslide;      // Parameter: Sliding control gain  
                   _iq  Ibeta;   // Input: Stationary beta-axis stator current  
                   _iq  IbetaError;   // Variable: Stationary beta-axis current error                  
                   _iq  Kslf;        // Parameter: Sliding control filter gain  
                   _iq  Theta;      // Output: Compensated rotor angle  
          } SMOPOS;              



 
 



Module Terminal Variables 
    



Item Name Description Format* Range(Hex) 
Inputs Valpha stationary d-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 



Vbeta stationary q-axis stator voltage GLOBAL_Q 80000000-7FFFFFFF 
Ialpha stationary d-axis stator current GLOBAL_Q 80000000-7FFFFFFF 
Ibeta stationary q-axis stator current GLOBAL_Q 80000000-7FFFFFFF 



Outputs Theta rotor position angle GLOBAL_Q 00000000-7FFFFFFF  
(0 – 360 degree) 



Zalfa stationary d-axis sliding control GLOBAL_Q 80000000-7FFFFFFF 
Zbeta stationary q-axis sliding control GLOBAL_Q 80000000-7FFFFFFF 



SMOPOS 
parameter 



Fsmopos Fsmopos = exp(-Rs*T/Ls) GLOBAL_Q 80000000-7FFFFFFF 
Gsmopos Gsmopos =  



(Vb/Ib)*(1- exp(-Rs*T/Ls))/Rs 
GLOBAL_Q 80000000-7FFFFFFF 



Kslide sliding mode control gain GLOBAL_Q 80000000-7FFFFFFF 
Kslf sliding control filter gain GLOBAL_Q 80000000-7FFFFFFF 



Internal Ealpha stationary d-axis back EMF GLOBAL_Q 80000000-7FFFFFFF 
Ebeta stationary q-axis back EMF GLOBAL_Q 80000000-7FFFFFFF 



EstIalpha stationary d-axis estimated current GLOBAL_Q 80000000-7FFFFFFF 
EstIbeta stationary q-axis estimated current GLOBAL_Q 80000000-7FFFFFFF 



IalphaError stationary d-axis current error GLOBAL_Q 80000000-7FFFFFFF 
IbetaError stationary q-axis current error GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



 











 



C2000 Systems and Applications   105 
 



SMO C Interface 
 
 
Special Constants and Data types 
   
 SMOPOS 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the sliding-mode rotor position observer of Permanent-Magnet Synchronous Motor module. To 
create multiple instances of the module simply declare variables of type SMOPOS. 



  
 
 SMOPOS_DEFAULTS 



Structure symbolic constant to initialize SMOPOS module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
 
Module Usage   



 
Instantiation 



             The following example instances two SMOPOS objects 
             SMOPOS  smo1, smo2; 
 
 Initialization 



To Instance pre-initialized objects 
SMOPOS fe1 = SMOPOS_DEFAULTS; 
SMOPOS fe2 = SMOPOS_DEFAULTS; 



 
Invoking the computation macro 
SMO_MACRO (smo1); 
SMO_MACRO (smo2); 



 
Example 



The following pseudo code provides the information about the module usage.  
 



main() 
{ 



smo1.Fsmopos = parem1_1;   // Pass parameters to smo1  
smo1.Gsmopos = parem1_2;   // Pass parameters to smo1  
smo1.Kslide = parem1_3;   // Pass parameters to smo1  
smo1.Kslf = parem1_4;    // Pass parameters to smo1  
smo2.Fsmopos = parem2_1;   // Pass parameters to smo2  
smo2.Gsmopos = parem2_2;   // Pass parameters to smo2  
smo2.Kslide = parem2_3;   // Pass parameters to smo2  
smo2.Kslf = parem2_4;    // Pass parameters to smo2  



 
}  
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SMO C Interface 
 



 
void interrupt periodic_interrupt_isr() 
{  



smo1.Valpha = voltage_dq1.d;  // Pass inputs to smo1  
         smo1.Vbeta = voltage_dq1.q;      // Pass inputs to smo1  
         smo1.Ialpha =current_dq1.d;  // Pass inputs to smo1  
         smo1.Ibeta =current_dq1.q;  // Pass inputs to smo1  



 
smo2.Valpha = voltage_dq2.d;  // Pass inputs to smo2  



         smo2.Vbeta = voltage_dq2.q;      // Pass inputs to smo2  
         smo2.Ialpha =current_dq2.d;  // Pass inputs to smo2  
         smo2.Ibeta =current_dq2.q;  // Pass inputs to smo2  
 



SMO_MACRO(smopos1)   // Call compute macro for smopos1   
 SMO_MACRO(smopos2);  // Call compute macro for smopos2   
  
             angle1 = smopos1.Theta;  // Access the outputs of smopos1  
 angle2 = smopos2.Theta;  // Access the outputs of smopos2  
 
} 
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SMO_CONST C Interface 
 
 
Constant Computation Macro 



 
Since the sliding-mode rotor position observer of Permanent-Magnet Synchronous Motor module 
requires two constants (Fsmopos and Gsmopos) to be input basing on the machine parameters, 
base quantities, mechanical parameters, and sampling period. These two constants can be 
internally computed by the macro (smopos_const.h). The followings show how to use the C 
constant computation macro. 



 
 
Object Definition  



The structure of SMOPOS_CONST object is defined by following structure definition 
 



typedef struct  { float32  Rs;   // Input: Stator resistance (ohm)  
                float32  Ls;  // Input: Stator inductance (H)          
     float32  Ib;   // Input: Base phase current (amp)  
    float32  Vb;  // Input: Base phase voltage (volt)  
    float32  Ts;  // Input: Sampling period in sec    
                float32  Fsmopos; // Output: constant using in observed current cal.   
                float32  Gsmopos; // Output: constant using in observed current cal.   
  } SMOPOS_CONST; 
 



 
Module Terminal Variables 
    



Item Name Description Format Range(Hex) 
Inputs Rs Stator resistance (ohm) Floating N/A 



Ls Stator inductance (H) Floating N/A 
Ib Base phase current (amp) Floating N/A 
Vb Base phase voltage (volt) Floating N/A 
Ts Sampling period (sec) Floating N/A 



Outputs Fsmopos constant using in observed current calculation   Floating N/A 
Gsmopos constant using in observed current calculation   Floating N/A 



 
 
Special Constants and Data types 
   
 SMOPOS_CONST 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the sliding-mode rotor position observer of Permanent-Magnet Synchronous Motor constant 
computation module. To create multiple instances of the module simply declare variables of type 
SMOPOS_CONST. 
 



 
 SMOPOS_CONST_DEFAULTS 



Structure symbolic constant to initialize SMOPOS_CONST module. This provides the initial 
values to the terminal variables as well as method pointers.  
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SMO_CONST C Interface 
 
 



 
Module Usage   



 
Instantiation 



             The following example instances two SMOPOS_CONST objects 
             SMOPOS_CONST  smopos1_const, smopos2_const; 
 
 Initialization 



To Instance pre-initialized objects 
SMOPOS_CONST smopos1_const = SMOPOS_CONST_DEFAULTS; 
SMOPOS_CONST smopos2_const = SMOPOS_CONST_DEFAULTS; 



 
Invoking the computation macro 
SMO_CONST_MACRO (smopos1_const); 
SMO_CONST_MACRO (smopos2_const); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 



smopos1_const.Rs = Rs1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Ls = Ls1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Ib = Ib1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Vb = Vb1; // Pass floating-point inputs to smopos1_const  
smopos1_const.Ts = Ts1; // Pass floating-point inputs to smopos1_const  



 
smopos2_const.Rs = Rs2; // Pass floating-point inputs to smopos2_const  
smopos2_const.Ls = Ls2; // Pass floating-point inputs to smopos2_const 
smopos2_const.Ib = Ib2; // Pass floating-point inputs to smopos2_const  
smopos2_const.Vb = Vb2; // Pass floating-point inputs to smopos2_const  
smopos2_const.Ts = Ts2; // Pass floating-point inputs to smopos2_const  
 
SMO_CONST_MACRO (smopos1_const); // Call compute macro for smopos1_const  
SMO_CONST_MACRO (smopos2_const); // Call compute macro for smopos2_const  



 
// Access the outputs of smopos1_const  
smopos1.Fsmopos = _IQ(smopos1_const.Fsmopos);   
smopos1.Gsmopos = _IQ(smopos1_const.Gsmopos);   
// Access the outputs of smopos2_const  
smopos2.Fsmopos = _IQ(smopos2_const.Fsmopos);   
smopos2.Gsmopos = _IQ(smopos2_const.Gsmopos);   



}  
 
 
 
 
 
 



 











 



C2000 Systems and Applications   109 
 



SMO Technical Background 
 
 
Technical Background 
 
 



Figure 1 is an illustration of a permanent-magnet synchronous motor control system based on 
field orientation principle. The basic concept of field orientation is based on knowing the position 
of rotor flux and positioning the stator current vector at orthogonal angle to the rotor flux for 
optimal torque output. The implementation shown in Figure 1 derives the position of rotor flux 
from encoder feedback. However, the encoder increases system cost and complexity. 
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Figure 1 Field Oriented Control of PMSM 
 
 
Therefore for cost sensitive applications, it is ideal if the rotor flux position information can be 
derived from measurement of voltages and currents. Figure 2 shows the block diagram of a 
sensorless PMSM control system where rotor flux position is derived from measurement of motor 
currents and knowledge of motor voltage commands. 
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SMO Technical Background 
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Figure 2 Sensorless Field Oriented Control of PMSM 
 
 



This software module implements a rotor flux position estimator based on a sliding mode current 
observer. As shown in Figure 3, the inputs to the estimator are motor phase currents and 
voltages expressed in α-β coordinate frame. 
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Figure 3 Sliding Mode Observer Based Rotor Flux Position Estimator 
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SMO Technical Background 
 
Figure 4 is an illustration of the coordinate frames and voltage and current vectors of PMSM, with 
a, b and c being the phase axes, α and β being a fixed Cartesian coordinate frame aligned with 
phase a, and d and q being a rotating Cartesian coordinate frame aligned with rotor flux. vs, is and 
es are the motor phase voltage, current and back emf vectors (each with two coordinate entries). 
All vectors are expressed in α-β coordinate frame for the purpose of this discussion. The α-β 
frame expressions are obtained by applying Clarke transformation to their corresponding three 
phase representations. 
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Figure 4 PMSM Coordinate Frames and Vectors 



 
 
 
Equation 1 is the mathematical model of PMSM in α-β coordinate frame. 
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The matrices A and B are defined as 2I
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= , where Lm and R 



are the magnetizing inductance and resistance of stator phase winding and I2 is a 2 by 2 identity 
matrix. Next the mathematical equations for the blocks in Figure 3 are discussed. 
 
 
1. Sliding Mode Current Observer 
 
The sliding mode current observer consists of a model based current observer and a bang-bang 
control generator driven by error between estimated motor currents and actual motor currents. 
The mathematical equations for the observer and control generator are given by Equations 2 and 
3. 
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SMO Technical Background 
 
 
The goal of the bang-bang control z is to drive current estimation error to zero. It is achieved by 
proper selection of k and correct formation of estimated back emf, es. Note that the symbol ~ 
indicates that a variable is estimated. The symbol * indicates that a variable is a command. 



 
 



The discrete form of Equations 2 and 3 are given by Equations 4 and 5. 
 



))()(~)(()(~)(~ * nznenvGniF1ni ssss −−+=+        
))()(~()( ninisignknz ss −=         



The matrices F and G are given by 2IeF
sT



L
R



−
=  and 2)1(1 Ie



R
G



sT
L
R



−
−=  where Ts is the 



sampling period. 
 
 
2. Estimated Back EMF 
 
Estimated back emf is obtained by filtering the bang-bang control, z, with a first order low-pass 
filter described by Equation 6. 
 



zee
dt
d



ss 00
~~ ωω +−=          



 
The parameter ω0 is defined as ω0=2πf0, where f0 represents the cutoff frequency of the filter. The 
discrete form of Equation 6 is given by Equation 7. 
 



))(~)((2)(~)1(~
0 nenzfnene sss −+=+ π        



 
 
3. Rotor Flux Position Calculation 
 
Estimated rotor flux angle is obtained based on Equation 8 for back emf. 
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Therefore given the estimated back emf, estimated rotor position can be calculated based on 
Equation 9. 
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SMO Technical Background 
 
 
 



Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. smopos.h). The software module requires that both input and output 
variables are in per unit values. 



 
 



 Equation Variables Program Variables 
 



 



Inputs 



vsα* Valpha 
vsβ* Vbeta 



αsi  Ialpha 
βsi  Ibeta 



 



Outputs 



eθ~  Theta 
zα Zalpha 
zβ Zbeta 



 



 



 



 



Others 



 



αsi
~  EstIalpha 



βsi
~



 EstIbeta 



αse~  Ealpha 
βse~  Ebeta 



sT
L
R



e
−



  
Fsmopos 



)1(1 sT
L
R



e
R



−
−  



Gsmopos 



k Kslide 
02 fπ  Kslf 



 
Table 1: Correspondence of notations 
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SPEED_EST Speed Calculator Based on Rotor Angle Without Direction Information 
 



 
 
Description This module calculates the motor speed based on the estimated rotor position 



when the rotational direction information is not available. 
 



 
 
 
 
 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: speed_est.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SE 
MACRO 



 



EstimatedTheta 



EstimatedSpeed 



EstimatedSpeedRpm 
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SPEED_EST C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SPEED_ESTIMATION object is defined by following structure definition 
 



typedef struct {_iq EstimatedTheta;        // Input: Electrical angle  
                        _iq OldEstimatedTheta;     // History: Electrical angle at previous step  
                        _iq EstimatedSpeed;         // Output: Estimated speed in per-unit 
                        Uint32 BaseRpm;         // Parameter: Base speed in rpm (Q0) 
                        _iq21 K1;          // Parameter: Constant for differentiator (Q21) 
                        _iq K2;        // Parameter: Constant for low-pass filter 
                        _iq K3;        // Parameter: Constant for low-pass filter 
                        int32 EstimatedSpeedRpm;   // Output : Estimated speed in rpm  (Q0)  
                     } SPEED_ESTIMATION;                // Data type created  
;   



 
    



Item Name Description Format* Range(Hex) 
Inputs EstimatedTheta Electrical angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
Outputs EstimatedSpeed Computed speed in per-unit   GLOBAL_Q 80000000-7FFFFFFF 



EstimatedSpeedRpm Speed in rpm Q0 80000000-7FFFFFFF 
ESTIMATED
SPEED 
parameter 



K1 K1 = 1/(fb*T) Q21 80000000-7FFFFFFF 
K2 K2 = 1/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 
K3 K3 = T*2*pi*fc/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 



BaseRpm BaseRpm = 120fb/p Q0 80000000-7FFFFFFF 
Internal OldEstimatedTheta Electrical angle in previous 



step 
GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 SPEED_ESTIMATION 



The module definition is created as a data type. This makes it convenient to instance an interface 
to speed calculation based on measured rotor angle. To create multiple instances of the module 
simply declare variables of type SPEED_ESTIMATION. 



  
 
 SPEED_ESTIMATION_DEFAULTS 



Structure symbolic constant to initialize SPEED_ESTIMATION module. This provides the initial 
values to the terminal variables as well as method pointers.  
 
 
 
 
 
 
 
 



 C Interface 
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SPEED_EST C Interface 
 



 
Module Usage   



 
Instantiation 



             The following example instances two SPEED_ESTIMATION objects 
             SPEED_ESTIMATION speed1, speed2; 
 



Initialization 
To Instance pre-initialized objects 
SPEED_ESTIMATION speed1 = SPEED_ESTIMATION_DEFAULTS; 
SPEED_ESTIMATION speed2 = SPEED_ESTIMATION_DEFAULTS; 



 
Invoking the computation macro 
SE_MACRO(speed1); 
SE_MACRO(speed2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
 
void interrupt periodic_interrupt_isr() 
{  
             speed1.EstimatedTheta = theta1;  // Pass inputs to speed1  
             speed2.EstimatedTheta = theta2;  // Pass inputs to speed2   



 
SE_MACRO (speed1);    // Call compute macro for speed1  
SE_MACRO (speed2);    // Call compute macro for speed2  



 
             measured_spd1 = speed1.EstimatedSpeed; // Access the outputs of speed1  
             measured_spd2 = speed2.EstimatedSpeed; // Access the outputs of speed2    
} 
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SPEED_EST Technical Background 
 
 
Technical Background 
 



 



The typical waveforms of the electrical rotor position angle, eθ , in both directions can be seen in 
Figure 1. Assuming the direction of rotation is not available. To take care the discontinuity of 
angle from 360o to 0o (CCW) or from 0o to 360o (CW), the differentiator is simply operated only 
within the differentiable range as seen in this Figure. This differentiable range does not 
significantly lose the information to compute the estimated speed.   
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Figure 1: The waveforms of rotor position in both directions 
 
 
The differentiator equation of rotor position can be expressed as follows.  
 



                                          ( ))1k()k(K)k( ee1e −θ−θ=ω       (1) 



where 
Tf



1K
b



1 = , fb is base frequency (Hz) and T is sampling period (sec). 
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SPEED_EST Technical Background 
 
 
In addition, the rotor speed is necessary to be filtered out by the low-pass filter in order to reduce 
the amplifying noise generated by the pure differentiator. The simple 1st-order low-pass filter is 



used, then the actual rotor speed to be used is the output of the low-pass filter, eω̂ , seen in 
following equation. The continuous-time equation of 1st-order low-pass filter is as 
 



                                                    ( )ee
c



e ˆ1
dt
ˆd



ω−ω
τ



=
ω



                                          (2) 



where 
c



c f2
1
π



=τ  is the low-pass filter time constant (sec), and fc is the cut-off frequency (Hz). 



Using backward approximation, then (2) finally becomes 
                                           



                                               )k(K)1k(ˆK)k(ˆ e3e2e ω+−ω=ω                (3) 



where 
T



K
c



c
2 +τ



τ
= , and 



T
TK



c
3 +τ



= . 



 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. speed_est.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Input eθ  EstimatedTheta 



Output eω̂  EstimatedSpeed 



Others 
K1 K1 
K2 K2 
K3 K3 



 
Table 1: Correspondence of notations 
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SPEED_FR Speed Calculator Based on Rotor Angle from QEP sensor 
 
 
 
Description This module calculates the motor speed based on a rotor position measurement 



from QEP sensor.  
 



 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: speed_fr.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SPEED_FR C Interface 
 
 
 
C Interface 
 
Object Definition  



The structure of SPEED_MEAS_QEP object is defined by following structure definition 
 



typedef struct {  _iq ElecTheta;    // Input: Electrical angle  
         Uint32 DirectionQep;   // Variable: Direction of rotation (Q0)  
         _iq OldElecTheta;    // History: Electrical angle at previous step 
         _iq Speed;         // Output: Speed in per-unit  
         Uint32 BaseRpm;         // Parameter: Base speed in rpm (Q0)  
         _iq21 K1;           // Parameter: Constant for differentiator (Q21) 
         _iq K2;           // Parameter: Constant for low-pass filter  
         _iq K3;           // Parameter: Constant for low-pass filter  
         int32 SpeedRpm;      // Output : Speed in rpm  (Q0)  
                 } SPEED_MEAS_QEP;    // Data type created 
 
 
    



Item Name Description Format* Range(Hex) 
Inputs ElecTheta Electrical angle GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
Outputs Speed Computed speed in per-unit   GLOBAL_Q 80000000-7FFFFFFF 



SpeedRpm Speed in rpm Q0 80000000-7FFFFFFF 
SPEED_QEP 
parameter 



K1 K1 = 1/(fb*T) Q21 80000000-7FFFFFFF 
K2 K2 = 1/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 
K3 K3 = T*2*pi*fc/(1+T*2*pi*fc) GLOBAL_Q 80000000-7FFFFFFF 



BaseRpm BaseRpm = 120fb/p Q0 80000000-7FFFFFFF 
Internal OldElecTheta Electrical angle in previous step GLOBAL_Q 00000000-7FFFFFFF  



(0 – 360 degree) 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
 



Special Constants and Data types 
   
 SPEED_MEAS_QEP 



The module definition is created as a data type. This makes it convenient to instance an interface 
to speed calculation based on measured rotor angle. To create multiple instances of the module 
simply declare variables of type SPEED_MEAS_QEP. 



  
 
 SPEED_MEAS_QEP_DEFAULTS 



Structure symbolic constant to initialize SPEED_MEAS_QEP module. This provides the initial 
values to the terminal variables as well as method pointers.  
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SPEED_FR C Interface 
 
 



Module Usage   
 
Instantiation 



             The following example instances two SPEED_MEAS_QEP objects 
             SPEED_MEAS_QEP speed1, speed2; 
 



Initialization 
To Instance pre-initialized objects 
SPEED_MEAS_QEP speed1 = SPEED_MEAS_QEP_DEFAULTS; 
SPEED_MEAS_QEP speed2 = SPEED_MEAS_QEP_DEFAULTS; 



 
Invoking the computation macro 
SPEED_FR_MACRO (speed1); 
SPEED_FR_MACRO (speed2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
 
}  
 
 
void interrupt periodic_interrupt_isr() 
{  
             speed1.ElecTheta = theta1;  // Pass inputs to speed1  
             speed2.ElecTheta = theta2;  // Pass inputs to speed2  



 
SPEED_FR_MACRO (speed1);  // Call compute macro for speed1 
SPEED_FR_MACRO (speed2);  // Call compute macro for speed2  



 
             measured_spd1 = speed1.Speed; // Access the outputs of speed1  
             measured_spd2 = speed2.Speed; // Access the outputs of speed2   
} 
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SPEED_FR Technical Background 
 
 
Technical Background 
 



 



The typical waveforms of the electrical rotor position angle, eθ , in both directions can be seen in 
Figure 1. Assuming the direction of rotation is not available. To take care the discontinuity of 
angle from 360o to 0o (CCW) or from 0o to 360o (CW), the differentiator is simply operated only 
within the differentiable range as seen in this Figure. This differentiable range does not 
significantly lose the information to compute the rotor speed.   
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Figure 1: The waveforms of rotor position in both directions 
 
 
The differentiator equation of rotor position can be expressed as follows.  
 



                                          ( ))1k()k(K)k( ee1e −θ−θ=ω       (1) 



where 
Tf



1K
b



1 = , fb is base frequency (Hz) and T is sampling period (sec). 
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SPEED_FR Technical Background 
 
 
In addition, the rotor speed is necessary to be filtered out by the low-pass filter in order to reduce 
the amplifying noise generated by the pure differentiator. The simple 1st-order low-pass filter is 



used, then the actual rotor speed to be used is the output of the low-pass filter, eω̂ , seen in 
following equation. The continuous-time equation of 1st-order low-pass filter is as 
 



                                                    ( )ee
c



e ˆ1
dt
ˆd



ω−ω
τ



=
ω



                                          (2) 



where 
c



c f2
1
π



=τ  is the low-pass filter time constant (sec), and fc is the cut-off frequency (Hz). 



Using backward approximation, then (2) finally becomes 
                                           



                                               )k(K)1k(ˆK)k(ˆ e3e2e ω+−ω=ω                (3) 



where 
T



K
c



c
2 +τ



τ
= , and 



T
TK



c
3 +τ



= . 



 
Next, Table 1 shows the correspondence of notations between variables used here and variables 
used in the program (i.e. speed_fr.h). The software module requires that both input and output 
variables are in per unit values. 
 
 



 Equation Variables Program Variables 



Input eθ  ElecTheta 



Output eω̂  Speed 



Others 
K1 K1 
K2 K2 
K3 K3 



 
Table 1: Correspondence of notations 
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SPEED_PR Speed Calculator Based on Period Measurement 
 
 
 
Description This module calculates the motor speed based on a signal’s period 



measurement. Such a signal, for which the period is measured, can be the 
periodic output pulses from a motor speed sensor. 



 
 



 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: speed_pr.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SpeedRpm 
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SPEED_PR C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SPEED_MEAS_CAP object is defined by following structure definition 
 



typedef struct {  Uint32 NewTimeStamp; // Variable: New 'Timestamp' for a capture event (Q0)  
                          Uint32 OldTimeStamp;   // Variable : Old 'Timestamp' for a capture event (Q0)  
                          Uint32 TimeStamp;        // Input: Current 'Timestamp' for a capture event (Q0)  
                          Uint32 SpeedScaler;     // Parameter:  Scaler converting 1/N cycles (Q0)  
                           int32 EventPeriod;     // Input/Variable :  Event Period (Q0)  
                           int16 InputSelect;          // Input : Input selection (1 or 0) 
                          _iq Speed;          // Output:  speed in per-unit  
                          Uint32 BaseRpm;         // Parameter : Scaler converting to rpm (Q0) 
                          int32 SpeedRpm;        // Output : speed in r.p.m. (Q0)  
                        } SPEED_MEAS_CAP;   // Data type created   
;   



 
    



Item Name Description Format* Range(Hex) 
Inputs TimeStamp Current 'Timestamp' for a capture 



event 
Q0 80000000-7FFFFFFF 



InputSelect TimeStamp (InputSelect=0) and 
EventPeriod (InputSelect=1) 



Q0 0 or 1 



EventPeriod Event period between time stamp Q0 80000000-7FFFFFFF 
Outputs Speed Computed speed in per-unit   GLOBAL_Q 80000000-7FFFFFFF 



SpeedRpm Speed in rpm Q0 80000000-7FFFFFFF 
SPEED_CAP 
parameter 



SpeedScaler SpeedScaler =  
60*CLK_freq/(128*N*rmp_max),  
N = number of sprocket teeth 



Q0 80000000-7FFFFFFF 



BaseRpm rmp_max = 120fb/p Q0 80000000-7FFFFFFF 
Internal NewTimeStamp New 'Timestamp' for a capture 



event 
Q0 80000000-7FFFFFFF 



OldTimeStamp Old 'Timestamp' for a capture 
event 



Q0 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 SPEED_MEAS_CAP 



The module definition is created as a data type. This makes it convenient to instance an interface 
to speed calculation based on period. To create multiple instances of the module simply declare 
variables of type SPEED_MEAS_CAP. 



  
 
 SPEED_MEAS_CAP_DEFAULTS 



Structure symbolic constant to initialize SPEED_MEAS_CAP module. This provides the initial 
values to the terminal variables as well as method pointers.  
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SPEED_PR C Interface 
 
 
Module Usage   



 
Instantiation 



 The following example instances two SPEED_MEAS_CAP objects 
 SPEED_MEAS_CAP speed1, speed2; 
 



Initialization 
To Instance pre-initialized objects 
SPEED_MEAS_CAP speed1 = SPEED_MEAS_CAP_DEFAULTS; 
SPEED_MEAS_CAP speed2 = SPEED_MEAS_CAP_DEFAULTS; 



 
Invoking the computation macro 
SPEED_PR_MACRO(speed1); 
SPEED_PR_MACRO(speed2); 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  
             speed1.TimeStamp = TimeStamp1; // Pass inputs to speed1  
             speed2.TimeStamp = TimeStamp2; // Pass inputs to speed2    



 
SPEED_PR_MACRO(speed2);  // Call compute macro for speed1  
SPEED_PR_MACRO(speed2);  // Call compute macro for speed2  



 
             measured_spd1 = speed1.Speed; // Access the outputs of speed1   
             measured_spd2 = speed2.Speed; // Access the outputs of speed2    
} 
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SPEED_PR Technical Background 
 
 
Technical Background 
 



A low cost shaft sprocket with n teeth and a Hall effect gear tooth sensor is used to measure the 
motor speed. Fig. 1 shows the physical details associated with the sprocket.  The Hall effect 
sensor outputs a square wave pulse every time a tooth rotates within its proximity. The resultant 
pulse rate is n pulses per revolution. The Hall effect sensor output is fed directly to the 281x 
Capture input pin. The capture unit will capture (the value of it’s base timer counter) on either the 
rising or the falling edges (whichever is specified) of the Hall effect sensor output. The captured 
value is passed to this s/w module through the variable called TimeStamp. 



In this module, every time a new input TimeStamp becomes available it is compared with the 
previous TimeStamp.  Thus, the tooth-to-tooth period (t2-t1) value is calculated. In order to reduce 
jitter or period fluctuation, an average of the most recent n period measurements can be 
performed each time a new pulse is detected. 
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Fig. 1 Speed measurement with a sprocket 



 



From the two consecutive TimeStamp values the difference between the captured values are 
calculated as, 



  ∆ = TimeStamp(new) – TimeStamp(old) 



Then the time period in sec is given by, 



where, 



  KP = Prescaler value for the Capture unit time base 



TCLK = CPU clock period in sec 



 



∆×Τ×Κ=−=∆ Ρ CLKttt 12











 



C2000 Systems and Applications   128 
 



SPEED_PR Technical Background 
 



From Fig. 1, the angle θ in radian is given by, 



where, n = number of teeth in the sprocket, i.e., the number of pulses per revolution. 



Then the speed ω in radian/sec and the normalized speed ωN are calculated as, 



Where, ωmax is the maximum value of ω which occurs when ∆=1. Therefore, 



 



For, n=25, KP=32 and TCLK=50x10-9 sec (20MHz CPU clock), the normalized speed ωN is given 
by, 



 



The system parameters chosen above allows maximum speed measurement of 1500,000 rpm. 
Now, in any practical implementation the maximum motor speed will be significantly lower than 
this maximum measurable speed. So, for example, if the motor used has a maximum operating 
speed of 23000 rpm, then the calculated speed can be expressed as a normalized value with a 
base value of normalization of at least 23000 RPM. If we choose this base value of normalization 
as 23438 rpm, then the corresponding base value of normalization, in rad/sec, is,  
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SPEED_PR Technical Background 
 



Therefore, the scaled normalized speed in per-unit is calculated as, 



 



This shows that in this case the scaling factor is 64. The speed, in rpm, is calculated as, 



 



The capture unit allows accurate time measurement (in multiples of clock cycles and defined by a 
prescaler selection) between events. In this case the events are selected to be the rising edge of 
the incoming pulse train. What we are interested in is the delta time between events and hence 
for this implementation Timer 1 is allowed to free run with a prescale of 32 (1.6uS resolution for 
20MHz CPU clock) and the delta time ∆, in scaled clock counts, is calculated as shown in Fig. 2. 
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Fig. 2 Calculation of speed 



 



In Fig. 2, the vertical axis f(t) represents the value of the Timer counter  which is running in 
continuous up count mode and resetting when the period register = 7FFFh. Note that two cases 
need to be accounted for: the simple case where the Timer has not wrapped around and where it 
has wrapped around. By keeping the current and previous capture values it is easy to test for 
each of these cases. 



Once a “robust” period measurement is extracted from the averaging algorithm, the speed is 
calculated using the appropriate equations explained before 
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SPEED_PR Technical Background 
 



Finally, for a base speed in rpm (BaseRpm), the SpeedScaler is basically 1/ωN (with ω = ωmax1) 
for the number of teeth in the sprocket, prescaler value for the capture unit time base, and CPU 
clock period (sec) is therefore computed as follows: 
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SVGEN  Space Vector Generator 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using space vector PWM technique. The stator 
reference voltage is described by it’s (α,β) components, Ualpha and Ubeta. 



 
 
 
 
 
 
 
 
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point  
 



C Version File Names: aci_se.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN  C Interface 
C Interface 
 
Object Definition  



The structure of SVGENDQ object is defined by following structure definition  
 
typedef struct 
 
{ _iq  Ualpha;     // Input: reference alpha-axis phase voltage   



   _iq  Ubeta;  // Input: reference beta-axis phase voltage   
   _iq  Ta;  // Output: reference phase-a switching function                               
       _iq  Tb;  // Output: reference phase-b switching function    
   _iq  Tc;  // Output: reference phase-c switching function  
 } SVGENDQ; 



 
 



Module Terminal Variables/Macros  



Item Name Description Format* Range(Hex) 
Inputs 



Ualpha 
Component of reference stator 



voltage vector on direct axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Ubeta 
Component of reference stator 



voltage vector on quadrature axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ta 



Duty ratio of PWM1 (CMPR1 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb 



Duty ratio of PWM3 (CMPR2 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc 



Duty ratio of PWM5 (CMPR3 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Variable tmp1,2,3 Internal variable GLOBAL_Q 80000000-7FFFFFFF 
 



*GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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SVGEN  C Interface 
 
Special Constants and Data types 
   
 SVGENDQ 



The module definition is created as a data type. This makes it convenient to instance an interface 
to space vector generator. To create multiple instances of the module simply declare variables of 
type SVGENDQ. 



  
 SVGENDQ_DEFAULTS 



Structure symbolic constant to initialize SVGENDQ module. This provides the initial values to the 
terminal variables as well as method pointers.  



 
Module Usage   



 
Instantiation 



The following example instances two SVGENDQ objects 
SVGENDQ svgen1, svgen2; 
 



Initialization 
To Instance pre-initialized objects 
SVGENDQ svgen1 = SVGENDQ_DEFAULTS; 
SVGENDQ svgen2 = SVGENDQ_DEFAULTS; 



 
Invoking the computation macro 
SVGEN_MACRO (svgen1); 
SVGEN_MACRO (svgen2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



svgen1.Ualpha = Ualpha1;             // Pass inputs to svgen1  
svgen1.Ubeta = Ubeta1;             // Pass inputs to svgen1  
 
svgen2.Ualpha = Ualpha2;             // Pass inputs to svgen2  
svgen2.Ubeta = Ubeta2;             // Pass inputs to svgen2  
 
SVGEN_MACRO (svgen1);  // Call compute macro for svgen_dq1 
SVGEN_MACRO (svgen2);  // Call compute macro for svgen2 
 



             Ta1 = svgen_dq1.Ta;   // Access the outputs of svgen_dq1   
             Tb1 = svgen_dq1.Tb;   // Access the outputs of svgen_dq1    
             Tc1 = svgen_dq1.Tc;   // Access the outputs of svgen_dq1    
   
             Ta2 = svgen2.Ta;   // Access the outputs of svgen2    
             Tb2 = svgen2.Tb;   // Access the outputs of svgen2    
             Tc2 = svgen2.Tc;   // Access the outputs of svgen2    
} 
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SVGEN_COMM Space Vector Generator using Common Mode 
 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using common mode voltage. The stator reference 
voltage is described by it’s (α,β) components, Ualpha and Ubeta. Note that the 
input range for this particular macro is ± 2/sqrt(3). 



 
 
 
 
 
 
 



 
Availability   This IQ module is available in one interface format: 
  



• The C interface version 
 
Module Properties Type: Target Independent, Application Independent 
 
   Target Devices: 28x Fixed and Floating Point devices 
 



C Version File Names: svgen_comm.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN COMM C Interface 
 



C Interface 
 
Object Definition 
  
The structure of SVGENCOMM object is defined by following structure definition 



 
typedef struct {  _iq  Ualpha;  // Input: reference alpha-axis phase voltage   
  _iq  Ubeta;       // Input: reference beta-axis phase voltage   



_iq  Ta; // Output: reference phase-a switching function                     
_iq  Tb; // Output: reference phase-b switching function    



  _iq  Tc; // Output: reference phase-c switching function  
                          _iq  Va; // Variable: reference phase-a voltage 
                          _iq  Vb; // Variable: reference phase-a voltage 
                          _iq  Vc; // Variable: reference phase-a voltage 
  _iq  Vmax;     //Variable: max phase  
  _iq  Vmin;      //Variable: min phase  
  _iq  Vcomm;  //Variable: common mode voltage 
} SVGENCOMM;              
 
 



Item Name Description Format* Range(Hex) 
Inputs 



Ualpha 
Component of reference stator 



voltage vector on direct axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Ubeta 
Component of reference stator 



voltage vector on quadrature axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ta 



Duty ratio of PWM1 (CMPR1 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb 



Duty ratio of PWM3 (CMPR2 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc 



Duty ratio of PWM5 (CMPR3 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Internal Va Reference phase-a voltage GLOBAL_Q 80000000-7FFFFFFF 
Vb Reference phase-b voltage GLOBAL_Q 80000000-7FFFFFFF 
Vc Reference phase-c voltage GLOBAL_Q 80000000-7FFFFFFF 



Vmax Maximum of phase voltages GLOBAL_Q 80000000-7FFFFFFF 
Vmin Minimum of phase voltages GLOBAL_Q 80000000-7FFFFFFF 



Vcomm Common mode voltage GLOBAL_Q 80000000-7FFFFFFF 
    
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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SVGEN_COMM C Interface 
 
Special Constants and Data types 
   
 SVGEN_COMM 



The module definition is created as a data type. This makes it convenient to instance an interface 
to the SVGEN_COMM variable transformation. To create multiple instances of the module simply 
declare variables of type SVGEN_COMM. 



  
 
 SVGEN_COMM_DEFAULTS 



Structure symbolic constant to initialize SVGEN_COMM module. This provides the initial values 
to the terminal variables as well as method pointers.  



 
Module Usage   



 
Instantiation 



             The following example instances two SVGEN_COMM objects 
             SVGEN_COMM svgen_comm1, svgen_comm2; 



 
Initialization 



To Instance pre-initialized objects 
SVGEN_COMM svgen_comm1 = SVGEN_COMM_DEFAULTS; 
SVGEN_COMM svgen_comm2 = SVGEN_COMM_DEFAULTS; 



 
Invoking the computation macro 



SVGEN_COMM_MACRO (svgen_comm1); 
SVGEN_COMM_MACRO (svgen_comm2); 



 
Example 



The following pseudo code provides the information about the module usage.  
 
main() 
{ 
 
}  
void interrupt periodic_interrupt_isr() 
{  



svgen_comm.Ualpha = Ualpha1;             // Pass inputs to svgen_comm  
svgen_comm.Ubeta = Ubeta1;               // Pass inputs to svgen_comm  
 
svgen_comm2.Ualpha = Ualpha2;             // Pass inputs to svgen_comm2  
svgen_comm2.Ubeta = Ubeta2;               // Pass inputs to svgen_comm2  
 
SVGEN_MACRO (svgen_comm1);  // Call compute macro for svgen_comm1 
SVGEN_MACRO (svgen_comm2);  // Call compute macro for svgen_comm2 
 



             Ta1 = svgen_comm1.Ta;   // Access the outputs of svgen_comm1   
             Tb1 = svgen_comm1.Tb;   // Access the outputs of svgen_comm1    
             Tc1 = svgen_comm1.Tc;   // Access the outputs of svgen_comm1    
   
             Ta2 = svgen_comm2.Ta;   // Access the outputs of svgen_comm2    
             Tb2 = svgen_comm2.Tb;   // Access the outputs of svgen_comm2    
             Tc2 = svgen_comm2.Tc;   // Access the outputs of svgen_comm2    
} 
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SVGEN_DPWM  Discontinuous Space Vector Generator 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using space vector PWM technique. The stator 
reference voltage is described by it’s (α,β) components, Ualpha and Ubeta. 
Different than the regular SVGEN, this modulation technique keeps one of the 
three switches off during the entire 1200 to minimize switching losses. This 
technique is also known as DPWMmin in the literature.   



 
 
 
 
 
 
 
 
 
 
 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point  
 



C Version File Names: aci_se.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN_DPWM  C Interface 
 
Object Definition  



The structure of SVGENDPWM object is defined by following structure definition  
 
typedef struct 
 
{ _iq  Ualpha;     // Input: reference alpha-axis phase voltage   



   _iq  Ubeta;  // Input: reference beta-axis phase voltage   
   _iq  Ta;  // Output: reference phase-a switching function                               
       _iq  Tb;  // Output: reference phase-b switching function    
   _iq  Tc;  // Output: reference phase-c switching function  
 } SVGENDPWM; 



 
 



Module Terminal Variables/Macros  



Item Name Description Format* Range(Hex) 
Inputs 



Ualpha 
Component of reference stator 



voltage vector on direct axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Ubeta 
Component of reference stator 



voltage vector on quadrature axis 
stationary reference frame. 



GLOBAL_Q 80000000-7FFFFFFF 



Outputs 
Ta 



Duty ratio of PWM1 (CMPR1 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb 



Duty ratio of PWM3 (CMPR2 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc 



Duty ratio of PWM5 (CMPR3 
register value as a fraction of 



associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Variable tmp1,2,3 Internal variable GLOBAL_Q 80000000-7FFFFFFF 
 



*GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
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SVGEN_DPWM  C Interface 
 
Special Constants and Data types 
   
 SVGENDPWM 



The module definition is created as a data type. This makes it convenient to instance an interface 
to space vector generator. To create multiple instances of the module simply declare variables of 
type SVGENDPWM. 



  
 SVGENDPWM_DEFAULTS 



Structure symbolic constant to initialize SVGENDPWM module. This provides the initial values to 
the terminal variables as well as method pointers.  



 
Module Usage   



 
Instantiation 



             The following example instances two SVGENDPWM objects 
             SVGENDPWM svgendpwm1, svgendpwm2; 
 



Initialization 
To Instance pre-initialized objects 
SVGENDPWM svgendpwm1 = SVGENDPWM_DEFAULTS; 
SVGENDPWM svgendpwm2 = SVGENDPWM_DEFAULTS; 



 
Invoking the computation macro 
SVGENDPWM_MACRO (svgendpwm1); 
SVGENDPWM_MACRO (svgendpwm2); 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



svgendpwm1.Ualpha = Ualpha1; // Pass inputs to svgendpwm1  
svgendpwm1.Ubeta = Ubeta1;             // Pass inputs to svgendpwm1  
 
svgendpwm2.Ualpha = Ualpha2; // Pass inputs to svgendpwm2  
svgendpwm2.Ubeta = Ubeta2;             // Pass inputs to svgendpwm2  
 
SVGENDPWM_MACRO (svgendpwm1);  // Call compute macro for svgendpwm1 
SVGENDPWM_MACRO (svgendpwm2); // Call compute macro for svgendpwm2 
 



             Ta1 = svgendpwm1.Ta;   // Access the outputs of svgen_dpwm1 
             Tb1 = svgendpwm1.Tb;   // Access the outputs of svgen_dpwm1  
             Tc1 = svgendpwm1.Tc;   // Access the outputs of svgen_dpwm1  
   
             Ta2 = svgendpwm2.Ta;   // Access the outputs of svgendpwm2    
             Tb2 = svgendpwm2.Tb;   // Access the outputs of svgendpwm2    
             Tc2 = svgendpwm2.Tc;   // Access the outputs of svgendpwm2    
} 
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SVGEN_MF Space Vector Generator (magnitude/frequency) 
 
 
 
Description This module calculates the appropriate duty ratios needed to generate a given 



stator reference voltage using space vector PWM technique. The stator 
reference voltage is described by its magnitude and frequency. 



 
 
 
 



                                  
 
 
 
 
 



Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: svgen_mf.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
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SVGEN_MF C Interface 
 
 
C Interface 
 
Object Definition  



The structure of SVGENMF object is defined by following structure definition 
 



typedef struct  { _iq  Gain;   // Input: reference gain voltage  
                            _iq  Offset;     // Input: reference offset voltage  
    _iq  Freq;  // Input: reference frequency   
                     _iq  FreqMax;   // Parameter: Maximum step angle  
                     _iq  Alpha;       // History: Sector angle  
                     _iq  NewEntry;     // History: Sine (angular) look-up pointer  
                     Uint32  SectorPointer;  // History: Sector number (Q0)  
                _iq  Ta;  // Output: reference phase-a switching function                               
                            _iq  Tb;  // Output: reference phase-b switching function   
                _iq  Tc;  // Output: reference phase-c switching function   
  } SVGENMF; 
    



Item Name Description Format* Range(Hex) 
Inputs Gain reference gain voltage GLOBAL_Q 80000000-7FFFFFFF 



Offset reference offset voltage GLOBAL_Q 80000000-7FFFFFFF 
Freq reference frequency GLOBAL_Q 80000000-7FFFFFFF 



Outputs Ta Duty ratio of PWM1 (CMPR1 
register value as a fraction of 
associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tb Duty ratio of PWM3 (CMPR2 
register value as a fraction of 
associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



Tc Duty ratio of PWM5 (CMPR3 
register value as a fraction of 
associated period register, TxPR, 
value). 



GLOBAL_Q 80000000-7FFFFFFF 



SVGENMF 
parameters 



FreqMax FreqMax = 6*fb*T   GLOBAL_Q 00000000-7FFFFFFF 



Internal Alpha Sector angle GLOBAL_Q 80000000-7FFFFFFF 
NewEntry Sine (angular) look-up pointer GLOBAL_Q 80000000-7FFFFFFF 



SectorPointer Sector number Q0 0-5 
                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 



 
Special Constants and Data types 
   
 SVGENMF 



The module definition is created as a data type. This makes it convenient to instance an interface 
to space vector generator using magnitude and frequency. To create multiple instances of the 
module simply declare variables of type SVGENMF. 



  
 
 SVGENMF_DEFAULTS 



Structure symbolic constant to initialize SVGENMF module. This provides the initial values to the 
terminal variables as well as method pointers.  
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SVGEN_MF C Interface 
 
 
Module Usage   



 
Instantiation 



 The following example instances two SVGENMF objects 
 SVGENMF svgen_mf1, svgen_mf2; 
 



Initialization 
To Instance pre-initialized objects 
SVGENMF svgen_mf1 = SVGENMF_DEFAULTS; 
SVGENMF svgen_mf2 = SVGENMF_DEFAULTS; 



 
Invoking the computation function 
SVGENMF_MACRO(svgen_mf1); 
SVGENMF_MACRO(svgen_mf2); 
 



 
Example 



The following pseudo code provides the information about the module usage.  
 



main() 
{ 
 
}  
void interrupt periodic_interrupt_isr() 
{  



svgen_mf1.Gain = gain1;             // Pass inputs to svgen_mf1  
svgen_mf1.Freq = offset1;             // Pass inputs to svgen_mf1  
 
svgen_mf2.Gain = gain2;             // Pass inputs to svgen_mf2  
svgen_mf2.Freq = offset2;             // Pass inputs to svgen_mf2  
 
SVGENMF_MACRO(svgen_mf1);  // Call compute macro for svgen_mf1 
SVGENMF_MACRO(svgen_mf2); // Call compute macro for svgen_mf2  
 



             Ta1 = svgen_mf1.Ta;   // Access the outputs of svgen_mf1  
             Tb1 = svgen_mf1.Tb;   // Access the outputs of svgen_mf1    
             Tc1 = svgen_mf1.Tc;   // Access the outputs of svgen_mf1    
   
             Ta2 = svgen_mf2.Ta;   // Access the outputs of svgen_mf2  
             Tb2 = svgen_mf2.Tb;   // Access the outputs of svgen_mf2    
             Tc2 = svgen_mf2.Tc;   // Access the outputs of svgen_mf2    
} 
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SVGEN_MF Technical Background 
 
Technical Background 
 



The Space Vector Pulse Width Modulation (SVPWM) refers to a special switching sequence of 
the upper three power devices of a three-phase voltage source inverters (VSI) used in application 
such as AC induction and permanent magnet synchronous motor drives. This special switching 
scheme for the power devices results in 3 pseudo-sinusoidal currents in the stator phases. 
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Figure 3: Power circuit topology for a three-phase VSI  



It has been shown that SVPWM generates less harmonic distortion in the output voltages or 
currents in the windings of the motor load and provides more efficient use of DC supply voltage, 
in comparison to direct sinusoidal modulation technique. 



 



 



 



 



 



 



 



 



 



Figure 2: Power bridge for a three-phase VSI 



For the three phase power inverter configurations shown in Figure 1 and Figure 2, there are eight 
possible combinations of on and off states of the upper power transistors.  
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SVGEN_MF Technical Background 



 



These combinations and the resulting instantaneous output line-to-line and phase voltages, for a 
dc bus voltage of VDC, are shown in Table 1. 



 
c b a VAN VBN VCN VAB VBC VCA 



0 0 0 0 0 0 0 0 0 



0 0 1 2VDC/3 -VDC/3 -VDC/3 VDC 0 - VDC 



0 1 0 -VDC/3 2VDC/3 -VDC/3 - VDC VDC 0 



0 1 1 VDC/3 VDC/3 -2VDC/3 0 VDC - VDC 



1 0 0 -VDC/3 -VDC/3 2VDC/3 0 - VDC VDC 



1 0 1 VDC/3 -2VDC/3 VDC/3 VDC - VDC 0 



1 1 0 -2VDC/3 VDC/3 VDC/3 - VDC 0 VDC 



1 1 1 0 0 0 0 0 0 



 
Table 1: Device on/off patterns and resulting instantaneous voltages of a 3-phase power inverter 



 



The quadrature quantities (in d-q frame) corresponding to these 3 phase voltages are given by 
the general Clarke transform equation: 
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Due to the fact that only 8 combinations are possible for the power switches, Vds and Vqs can also 
take only a finite number of values in the (d-q) frame according to the status of the transistor 
command signals (c,b,a). These values of Vds and Vqs for the corresponding instantaneous values 
of the phase voltages (VAN, VBN, VCN) are listed in Table 2. 
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SVGEN_MF Technical Background 



 



c b a Vds Vqs Vector 



0 0 0 0 0 O0 



0 0 1 2 VDC/3 0 U0 



0 1 0 -VDC/3 VDC/√3 U120 



0 1 1 VDC/3 VDC/√3 U60 



1 0 0 -VDC/3 -VDC/√3 U240 



1 0 1 VDC/3 -VDC/√3 U300 



1 1 0 -2 VDC/3 0 U180 



1 1 1 0 0 O111 



Table 2: Switching patterns, corresponding space vectors and their (d-q) components 



 



These values of Vds and Vqs, listed in Table 2, are called the (d-q) components of the basic space 
vectors corresponding to the appropriate transistor command signal (c,b,a). The space vectors 
corresponding to the signal (c,b,a) are listed in the last column in Table 2. For example, 
(c,b,a)=001 indicates that the space vector is U0.The eight basic space vectors defined by the 
combination of the switches are also shown in Figure 3. 



 



 



 



 



 



 



 



 



 



 



Figure 3: Basic space vectors 



 



In Figure 3, vectors corresponding to states 0 (000) and 7 (111) of the switching variables are 
called the zero vectors. 
 
 
 
 
 
 



 



 



 



 



 



 



U180 (110) d 



q 
U120 (010) U60 (011) 



O0 (000) O111 (111) 



U240 (100) U300 (101) 



U0 (001) 











 



C2000 Systems and Applications   146 
 



SVGEN_MF Technical Background 
 
 
Decomposing the reference voltage vector V* 



 
The objective of Space Vector PWM technique is to approximate a given stator reference voltage 
vector V* by combination of the switching pattern corresponding to the basic space vectors. The 
reference voltage vector V* is obtained by mapping the desired three phase output voltages(line 
to neutral) in the (d-q) frame through the Clarke transform defined earlier. When the desired 
output phase voltages are balanced three phase sinusoidal voltages, V* becomes a vector 
rotating around the origin of the (d-q) plane with a frequency corresponding to that of the desired 
three phase voltages.  



The magnitude of each basic space vector, as shown in Figure 3, is normalized by the maximum 
value of the phase voltages. Therefore, when the maximum bus voltage is VDC, the maximum line 
to line voltage is also VDC, and so the maximum phase voltage(line to neutral) is VDC/√3. From 
Table 2, the magnitude of the basic space vectors is 2VDC/3. When this is normalized by the 
maximum phase voltage(VDC/√3), the magnitude of the basic space vectors becomes  2/√3. 
These magnitudes of the basic space vectors are indicated in Figure 3.   
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Figure 3: Projection of the reference voltage vector 



 
Representing the reference vector V* with the basic space vectors requires precise control of 
both the vector magnitude M (also called the modulation index) and the angle α. The aim here is 
to rotate V* in the d-q plane at a given angular speed (frequency) ω. The vector magnitude M 
controls the resultant peak phase voltage generated by the inverter. 
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SVGEN_MF Technical Background 
 



In order to generate the reference vector V*, a time average of the associated basic space 
vectors is required, i.e. the desired voltage vector V* located in a given sector, can be 
synthesized as a linear combination of the two adjacent space vectors, Ux and Uy which frame 
the sector, and either one of the two zero vectors. Therefore, 



V* = dxUx + dyUy + dzUz   



where Uz is the zero vector, and dx, dy and dz are the duty ratios of the states X, Y and Z within 
the PWM switching interval. The duty ratios must add to 100% of the PWM period, i.e: dx + dy + 
dz = 1. 



Vector V* in Fig. 4 can also be written as: 



V* = MVmaxejα = dxUx + dyUy + dzUz   



where M is the modulation index and Vmax is the maximum value of the desired phase voltage. 



By projecting V* along the two adjacent space vectors Ux and Uy, we have, 
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Since the voltages are normalized by the maximum phase voltage, Vmax=1. Then by knowing |Ux| 
= |Uy|  = 2/√3 (when normalized by maximum phase voltage), the duty ratios can be derived as, 



   
dx M= −sin( )60 α    



dy M= sin( )α   



These same equations apply to any sector, since the d-q reference frame, which has here no 
specific orientation in the physical space, can be aligned with any space vector. 



 
As shown in Fig. 4, sine of α is needed to decompose the reference voltage vector onto the basic 
space vectors of the sector the voltage vector is in. Since this decomposition is identical among 
the six sectors, only a 60° sine lookup table is needed. In order to complete one revolution (360o) 
the sine table must be cycled through 6 times. 



For a given step size the angular frequency (in cycles/sec) of V* is given by: 



ω =
×
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m6 2
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SVGEN_MF Technical Background 
 



Where fs = sampling frequency (i.e. PWM frequency), STEP = angle stepping increment, and m = 
# bits in the integration register. 



For example, if fs = 24KHz, m = 16 bits & STEP ranges from 02048 then the resulting angular 
frequencies will be as shown in Table 3. 



STEP Freq(Hz) STEP Freq(Hz) STEP Freq(Hz) 
1 0.061 600 36.62 1700 103.76 
20 1.22 700 42.72 1800 109.86 
40 2.44 800 48.83 1900 115.97 
60 3.66 900 54.93 2000 122.07 
80 4.88 1000 61.04 2100 128.17 
100 6.10 1100 67.14 2200 134.28 



Table 3: Frequency mapping 



From the table it is clear that a STEP value of 1 gives a frequency of 0.061Hz, this defines the 
frequency setting resolution, i.e. the actual line voltage frequency delivered to the AC motor can 
be controlled to better than 0.1 Hz. 



For a given fs the frequency setting resolution is determined by m the number of bits in the 
integration register. Table 4 shows the theoretical resolution which results from various sizes of 
m. 



 
 



m (# bits) Freq res(Hz) m (# bits) Freq res(Hz) 
8 15.6250 17 0.0305 
12 0.9766 18 0.0153 
14 0.2441 19 0.0076 
16 0.0610 20 0.0038 



Table 4: Resolution of frequency mapping 



For IQmath implementation, the maximum step size in per-unit, FreqMax, for a given base 
frequency, fb and a defined GLOBAL_Q number is therefore computed as follows: 



                                              



QGLOBAL _
sb 2T f6FreqMax ×××=  



Equivalently, by using _IQ() function for converting from a floating-point number to a _iq number, 
the FreqMax can also be computed as 



                                                 )T f6(_FreqMax sb ××= IQ  



  
             where Ts is the sampling period (sec). 
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SVGEN_MF Technical Background 
 



Realization of the PWM Switching Pattern 



Once the PWM duty ratios dx, dy and dz are calculated, the appropriate compare values for the 
compare registers in 28xx can be determined. The switching pattern in Figure 4 is adopted here 
and is implemented with the Full Compare Units of 28xx. A set of 3 new compare values, Ta, Tb 
and Tc, need to be calculated every PWM period to generate this switching pattern. 



Ta



Tb



Tc



T



d0 dx dy d7 d0 dx



= 1 PWM period



Note:
d0 = d7 = dz



 



Figure 4: PWM output switching pattern  



From Figure 5, it can be seen: 



 Ta = ( T - dx -dy )/2   



 Tb = dx + Ta    



 Tc = T -Ta    



If we define an intermediate variable T1 using the following equation: 



                                                    
2



1 dydxTT −−
=  



Then for different sectors Ta, Tb and Tc can be expressed in terms of T1. Table 5 depicts this 
determination.  
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Sectors U0, U60 U60, U120 U120, U180 U180, U240 U240, U300 U300, U0 



Ta T1 dy+Tb T-Tb T-Tc dx+Tc T1 



Tb dx+Ta T1 T1 dy+Tc T-Tc T-Ta 



Tc T-Ta T-Tb dx+Tb T1 T1 dy+Ta 



Table 5: Calculation of duty cycle for different sectors 



The switching pattern shown in Figure 5 is an asymmetric PWM implementation. However, 28xx 
devices can also generate symmetric PWM. Little change to the above implementation is needed 
to accommodate for this change. The choice between the symmetrical and asymmetrical case 
depends on the other care-about in the final implementation. 
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V_Hz_PROFILE Volt/Hertz Profile for AC Induction Motor 
 



 
 
Description This module generates an output command voltage for a specific input command 



frequency according to the specified volts/hertz profile. This is used for variable 
speed implementation of AC induction motor drives.      



 
 
 
 
 
 
 
 



 
Availability   C interface version 
 
Module Properties Type: Target Independent 
 
   Target Devices: 28x Fixed or Floating Point   
 



C Version File Names: vhzprof.h 
         



   IQmath library files for C: IQmathLib.h, IQmath.lib 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
    VHZ PROF 



 VoltOut Freq 
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V_Hz_PROFILE C Interface 
 
 
 
C Interface 
 
Object Definition  



The structure of VHZPROF object is defined by following structure definition 
 



typedef struct  { _iq  Freq;    // Input: Input Frequency  
                _iq  VoltOut;  // Output: Output voltage  
    _iq  LowFreq;  // Parameter: Low Frequency    
    _iq  HighFreq;  // Parameter: High Frequency at rated voltage  
    _iq  FreqMax;   // Parameter: Maximum Frequency 
    _iq  VoltMax;  // Parameter: Rated voltage  
      _iq  VoltMin;  // Parameter: Voltage at low Frequency range 
    } VHZPROF;                     
 
    



Item Name Description Format* Range(Hex) 
Inputs Freq Input Frequency GLOBAL_Q 80000000-7FFFFFFF 
Outputs VoltOut Output voltage  GLOBAL_Q 80000000-7FFFFFFF 
VHZPROF 
parameter 



LowFreq Low Frequency   GLOBAL_Q 80000000-7FFFFFFF 
HighFreq High Frequency at rated voltage GLOBAL_Q 80000000-7FFFFFFF 
FreqMax Maximum Frequency GLOBAL_Q 80000000-7FFFFFFF 
VoltMax Rated voltage GLOBAL_Q 80000000-7FFFFFFF 
VoltMin Voltage at low Frequency range GLOBAL_Q 80000000-7FFFFFFF 



                   *GLOBAL_Q valued between 1 and 30 is defined in the IQmathLib.h header file. 
 
 



Special Constants and Data types 
   
 VHZPROF 



The module definition is created as a data type. This makes it convenient to instance an interface 
to volt/hertz profile. To create multiple instances of the module simply declare variables of type 
VHZPROF. 



  
 
 VHZPROF_DEFAULTS 



Structure symbolic constant to initialize VHZPROF module. This provides the initial values to the 
terminal variables as well as method pointers.  
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V_Hz_PROFILE C Interface 
 
 
Module Usage   



 
Instantiation 



 The following example instances two VHZPROF objects 
 VHZPROF vhz1, vhz2; 
 



Initialization 
To Instance pre-initialized objects 
VHZPROF vhz1 = VHZPROF_DEFAULTS; 
VHZPROF vhz2 = VHZPROF_DEFAULTS; 



 
Invoking the computation macro 
VHZ_PROF_MACRO(vhz1); 
VHZ_PROF_MACRO(vhz2); 
 
 
 



Example 
The following pseudo code provides the information about the module usage.  



 
main() 
{ 
 
}  
 
void interrupt periodic_interrupt_isr() 
{  



vhz1.Freq = Freq1;               // Pass inputs to vhz1 
vhz2.Freq = Freq2;               // Pass inputs to vhz2 
 
VHZ_PROF_MACRO(vhz1);   // Call compute macro for vhz1 
VHZ_PROF_MACRO(vhz2);   // Call compute macro for vhz2 
 



             VoltOut1 = vhz1.VoltOut;  // Access the outputs of vhz1  
             VoltOut2 = vhz2.VoltOut;  // Access the outputs of vhz2    
} 
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V_Hz_PROFILE Technical Background 
 
 
Technical Background 
 



If the voltage applied to a three phase AC Induction motor is sinusoidal, then by neglecting the 
small voltage drop across the stator resistor, we have, at steady state, 



 V j≈ ω Λ    



i.e. 
V ≈ ω Λ    



where V  and Λ  are the phasor representations of stator voltage and stator flux, and V  and 
Λ  are their magnitude, respectively. Thus, we get 



Λ ≈ =
V V



fω π
1



2    



From the last equation, it follows that if the ratio V f  remains constant for any change in f , 
then flux remains constant and the torque becomes independent of the supply frequency. In 
actual implementation, the ratio of the magnitude to frequency is usually based on the rated 
values of these parameters, i.e., the motor rated parameters. However, when the frequency, and 
hence the voltage, is low, the voltage drop across the stator resistor cannot be neglected and 
must be compensated for. At frequencies higher than the rated value, maintaining constant V/Hz 
means exceeding rated stator voltage and thereby causing the possibility of insulation break 
down. To avoid this, constant V/Hz principle is also violated at such frequencies. This principle is 
illustrated in Figure 1. 
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Figure 1: Voltage versus frequency under the constant V/Hz principle 



Since the stator flux is maintained constant (independent of the change in supply frequency), the 
torque developed depends only on the slip speed. This is shown in Figure 2. So by regulating the 
slip speed, the torque and speed of an AC Induction motor can be controlled with the constant 
V/Hz principle. 



 











 



C2000 Systems and Applications   155 
 



V_Hz_PROFILE Technical Background 
 



Slip speedω



To
rq



ue



 



Figure 2: Torque versus slip speed of an induction motor with constant stator flux 



Both open and closed-loop control of the speed of an AC induction motor can be implemented 
based on the constant V/Hz principle. Open-loop speed control is used when accuracy in speed 
response is not a concern such as in HVAC (heating, ventilation and air conditioning), fan or 
blower applications. In this case, the supply frequency is determined based on the desired speed 
and the assumption that the motor will roughly follow its synchronous speed. The error in speed 
resulted from slip of the motor is considered acceptable. 



In this implementation, the profile in Figure 1 is modified by imposing a lower limit on frequency. 
This is shown in Figure 3. This approach is acceptable to applications such as fan and blower 
drives where the speed response at low end is not critical. Since the rated voltage, which is also 
the maximum voltage, is applied to the motor at rated frequency, only the rated minimum and 
maximum frequency information is needed to implement the profile. 
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Figure 3: Modified V/Hz profile  



The command frequency is allowed to go below the minimum frequency, fmin, with the output 
voltage saturating at a minimum value, Vmin . Also, when the command frequency is higher than 
the maximum frequency, fmax, the output voltage is saturated at a maximum value, Vmax. 
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enhancements, improvements, and other changes to its products and services at any time and to discontinue any 
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Abstract 
 
This application note presents a solution to control a permanent magnet synchronous motor (PMSM) 
using the TMS320F2803x microcontrollers. TMS320F2803x devices are part of the family of C2000 
microcontrollers which enable cost-effective design of intelligent controllers for three phase motors by 
reducing the system components and increase efficiency With these devices it is  possible to realize far 
more precise digital vector control algorithms like the Field Orientated Control (FOC). This algorithm’s 
implementation is discussed in this document. The FOC algorithm maintains efficiency in a wide range 
of speeds and takes into consideration torque changes with transient phases by processing a dynamic 
model of the motor. 
 
This application note covers the following:  
 



 A theoretical background on field oriented motor control principle. 
 Incremental build levels based on modular software blocks  
 Experimental results 
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Introduction 
 
A brushless Permanent Magnet Synchronous motor (PMSM) has a wound stator, a permanent magnet 
rotor assembly and internal or external devices to sense rotor position. The sensing devices provide 
position feedback for adjusting frequency and amplitude of stator voltage reference properly to maintain 
rotation of the magnet assembly. The combination of an inner permanent magnet rotor and outer 
windings offers the advantages of low rotor inertia, efficient heat dissipation, and reduction of the motor 
size. Moreover, the elimination of brushes reduces noise, EMI generation and suppresses the need of 
brushes maintenance.  
 
This document presents a solution to control a permanent magnet synchronous motor using the 
TMS320F2803x. This new family of DSPs enables cost-effective design of intelligent controllers for 
brushless motors which can fulfill enhanced operations, consisting of fewer system components, lower 
system cost and increased performances. The control method presented relies on the field orientated 
control (FOC). This algorithm maintains efficiency in a wide range of speeds and takes into 
consideration torque changes with transient phases by controlling the flux directly from the rotor 
coordinates. This application report presents the implementation of a control for sinusoidal PMSM 
motor. The sinusoidal voltage waveform applied to this motor is created by using the Space Vector 
modulation technique. Minimum amount of torque ripple appears when driving this sinusoidal BEMF 
motor with sinusoidal currents. 
 
Permanent Magnet Motors  
 
There are primarily two types of three-phase permanent magnet synchronous motors. One uses rotor 
windings fed from the stator and the other uses permanent magnets. A motor fitted with rotor windings, 
requires brushes to obtain its current supply and generate rotor flux. The contacts are made of rings 
and have any commutator segments. The drawbacks of this type of structure are maintenance needs 
and lower reliability. Replacing the common rotor field windings and pole structure with permanent 
magnets puts the motor into the category of brushless motors. It is possible to build brushless 
permanent magnet motors with any even number of magnet poles. The use of magnets enables an 
efficient use of the radial space and replaces the rotor windings, therefore suppressing the rotor copper 
losses. Advanced magnet materials permit a considerable reduction in motor dimensions while 
maintaining a very high power density. 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 
 
 
 
 
 
 



Fig. 1 A three-phase synchronous motor with a one permanent magnet pair 
pole rotor 
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Synchronous Motor Operation 
 



 Synchronous motor construction: Permanent magnets are rigidly fixed to the rotating axis to create a 
constant rotor flux. This rotor flux usually has a constant magnitude. The stator windings when 
energized create a rotating electromagnetic field. To control the rotating magnetic field, it is 
necessary to control the stator currents. 



 The actual structure of the rotor varies depending on the power range and rated speed of the 
machine. Permanent magnets are suitable for synchronous machines ranging up-to a few Kilowatts. 
For higher power ratings the rotor usually consists of windings in which a DC current circulates. The 
mechanical structure of the rotor is designed for number of poles desired, and the desired flux 
gradients desired. 



 The interaction between the stator and rotor fluxes produces a torque. Since the stator is firmly 
mounted to the frame, and the rotor is free to rotate, the rotor will rotate, producing a useful 
mechanical output. 



 The angle between the rotor magnetic field and stator field must be carefully controlled to produce 
maximum torque and achieve high electromechanical conversion efficiency. For this purpose a fine 
tuning is needed after closing the speed loop in order to draw minimum amount of current under the 
same speed and torque conditions. 



 The rotating stator field must rotate at the same frequency as the rotor permanent magnetic field; 
otherwise the rotor will experience rapidly alternating positive and negative torque. This will result in 
less than optimal torque production, and excessive mechanical vibration, noise, and mechanical 
stresses on the machine parts. In addition, if the rotor inertia prevents the rotor from being able to 
respond to these oscillations, the rotor will stop rotating at the synchronous frequency, and respond 
to the average torque as seen by the stationary rotor: Zero. This means that the machine experiences 
a phenomenon known as ‘pull-out’. This is also the reason why the synchronous machine is not self 
starting. 



 The angle between the rotor field and the stator field must be equal to 90º to obtain the highest 
mutual torque production. This synchronization requires knowing the rotor position in order to 
generate the right stator field. 



 The stator magnetic field can be made to have any direction and magnitude by combining the 
contribution of different stator phases to produce the resulting stator flux. 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. 2 The interaction between the rotating stator flux, and the rotor flux produces a torque 
which will cause the motor to rotate. 
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Field Oriented Control  
  



Introduction 
 
In order to achieve better dynamic performance, a more complex control scheme needs to be applied, 
to control the PM motor. With the mathematical processing power offered by the microcontrollers, we 
can implement advanced control strategies, which use mathematical transformations in order to 
decouple the torque generation and the magnetization functions in PM motors. Such de-coupled torque 
and magnetization control is commonly called rotor flux oriented control, or simply Field Oriented 
Control (FOC). 
 



The main philosophy behind the FOC 
 



In order to understand the spirit of the Field Oriented Control technique, let us start with an overview of 
the separately excited direct current (DC) Motor. In this type of motor, the excitation for the stator and 
rotor is independently controlled. Electrical study of the DC motor shows that the produced torque 
and the flux can be independently tuned. The strength of the field excitation (i.e. the magnitude of 
the field excitation current) sets the value of the flux. The current through the rotor windings determines 
how much torque is produced. The commutator on the rotor plays an interesting part in the torque 
production. The commutator is in contact with the brushes, and the mechanical construction is designed 
to switch into the circuit the windings that are mechanically aligned to produce the maximum torque. 
This arrangement then means that the torque production of the machine is fairly near optimal all the 
time. The key point here is that the windings are managed to keep the flux produced by the rotor 
windings orthogonal to the stator field. 
 



 
 
AC machines do not have the same key features as the DC motor. In both cases we have only one 
source that can be controlled which is the stator currents. On the synchronous machine, the rotor 
excitation is given by the permanent magnets mounted onto the shaft. On the synchronous motor, the 
only source of power and magnetic field is the stator phase voltage. Obviously, as opposed to the DC 
motor, flux and torque depend on each other. 
 
The goal of the FOC (also called vector control) on synchronous and asynchronous machine is to be 
able to separately control the torque producing and magnetizing flux components. The control 
technique goal is to (in a sense), imitate the DC motor’s operation. FOC control will allow us to 
decouple the torque and the magnetizing flux components of stator current. With decoupled control of 
the magnetization, the torque producing component of the stator flux can now be thought of as 
independent torque control.  To decouple the torque and flux, it is necessary to engage several 
mathematical transforms, and this is where the microcontrollers add the most value. The processing 
capability provided by the microcontrollers enables these mathematical transformations to be carried 
out very quickly. This in turn implies that the entire algorithm controlling the motor can be executed at a 
fast rate, enabling higher dynamic performance. In addition to the decoupling, a dynamic model of the 
motor is now used for the computation of many quantities such as rotor flux angle and rotor speed. This 
means that their effect is accounted for, and the overall quality of control is better. 



Fig 3. Separated excitation DC motor model, flux and torque are independently controlled 
and the current through the rotor windings determines how much torque is produced. 
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According to the electromagnetic laws, the torque produced in the synchronous machine is equal to 
vector cross product of the two existing magnetic fields: 
 



rotorstatorem BBT




×=  
 
This expression shows that the torque is maximum if stator and rotor magnetic fields are orthogonal 
meaning if we are to maintain the load at 90 degrees. If we are able to ensure this condition all the time, 
if we are able to orient the flux correctly, we reduce the torque ripple and we ensure a better dynamic 
response. However, the constraint is to know the rotor position: this can be achieved with a position 
sensor such as incremental encoder. For low-cost application where the rotor is not accessible, 
different rotor position observer strategies are applied to get rid of position sensor.  
 
In brief, the goal is to maintain the rotor and stator flux in quadrature: the goal is to align the stator flux 
with the q axis of the rotor flux, i.e. orthogonal to the rotor flux. To do this the stator current component 
in quadrature with the rotor flux is controlled to generate the commanded torque, and the direct 
component is set to zero. The direct component of the stator current can be used in some cases for 
field weakening, which has the effect of opposing the rotor flux, and reducing the back-emf, which 
allows for operation at higher speeds. 
 
 Technical Background 
 
The Field Orientated Control consists of controlling the stator currents represented by a vector. This 
control is based on projections which transform a three phase time and speed dependent system into a 
two co-ordinate (d and q co-ordinates) time invariant system. These projections lead to a structure 
similar to that of a DC machine control. Field orientated controlled machines need two constants as 
input references: the torque component (aligned with the q co-ordinate) and the flux component 
(aligned with d co-ordinate). As Field Orientated Control is simply based on projections the control 
structure handles instantaneous electrical quantities. This makes the control accurate in every working 
operation (steady state and transient) and independent of the limited bandwidth mathematical model. 
The FOC thus solves the classic scheme problems, in the following ways: 
 



 The ease of reaching constant reference (torque component and flux component of the stator current) 



 The ease of applying direct torque control because in the (d,q) reference frame the expression of the 
torque is: 



SqR im ψ∝  



By maintaining the amplitude of the rotor flux ( Rψ ) at a fixed value we have a linear relationship 
between torque and torque component (iSq). We can then control the torque by controlling the torque 
component of stator current vector. 
 



Space Vector Definition and Projection 
 
The three-phase voltages, currents and fluxes of AC-motors can be analyzed in terms of complex 
space vectors. With regard to the currents, the space vector can be defined as follows. Assuming that 
ia, ib, ic are the instantaneous currents in the stator phases, then the complex stator current vector si  is 
defined by: 
 



cbas iiii 2αα ++=  
 



where 
π



α 3
2j



e= and 
π



α 3
4



2 j
e= , represent the spatial operators. The following diagram shows the stator 



current complex space vector: 
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Fig.4 Stator current space vector and its component in (a,b,c) 



 
where (a,b,c) are the three phase system axes. This current space vector depicts the three phase 
sinusoidal system. It still needs to be transformed into a two time invariant co-ordinate system. This 
transformation can be split into two steps: 
 
 (a,b,c) ),( βα⇒ (the Clarke transformation) which outputs a two co-ordinate time variant system 
 ⇒),( βα  (d,q) (the Park transformation) which outputs a two co-ordinate time invariant system 
 



The (a,b,c) ),( βα⇒  Projection (Clarke transformation) 
 
The space vector can be reported in another reference frame with only two orthogonal axis called ),( βα . 
Assuming that the axis a and the axis α are in the same direction we have the following vector diagram: 
 



 
Fig.5 Stator current space vector and its components in the stationary reference frame 



 
The projection that modifies the three phase system into the ),( βα two dimension orthogonal system is 
presented below. 
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The two phase ),( βα currents are still depends on time and speed. 
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 The ⇒),( βα  (d,q) Projection (Park Transformation) 
 
This is the most important transformation in the FOC. In fact, this projection modifies a two phase 
orthogonal system ),( βα  in the d,q rotating reference frame. If we consider the d axis aligned with the 
rotor flux, the next diagram shows, for the current vector, the relationship from the two reference frame:  
 



 
Fig.6 Stator current space vector and its component in ),( βα and in the d,q 



rotating reference frame 
 
where θ is the rotor flux position. The flux and torque components of the current vector are determined 
by the following equations: 
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These components depend on the current vector ),( βα components and on the rotor flux position; if we 
know the right rotor flux position then, by this projection, the d,q component becomes a constant. Two 
phase currents now turn into dc quantity (time-invariant). At this point the torque control becomes easier 
where constant isd (flux component) and isq (torque component) current components controlled 
independently.  
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Fig7 Basic scheme of FOC for AC motor 
 



The Basic Scheme for the FOC 
 
The following diagram summarizes the basic scheme of torque control with FOC: 
 
 



 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Two motor phase currents are measured. These measurements feed the Clarke transformation module. 
The outputs of this projection are designated isα and isβ. These two components of the current are the 
inputs of the Park transformation that gives the current in the d,q rotating reference frame. The isd and 
isq components are compared to the references isdref (the flux reference) and isqref (the torque reference). 
At this point, this control structure shows an interesting advantage: it can be used to control either 
synchronous or HVPM machines by simply changing the flux reference and obtaining rotor flux position. 
As in synchronous permanent magnet a motor, the rotor flux is fixed determined by the magnets; there 
is no need to create one. Hence, when controlling a PMSM, isdref should be set to zero. As HVPM 
motors need a rotor flux creation in order to operate, the flux reference must not be zero. This 
conveniently solves one of the major drawbacks of the “classic” control structures: the portability from 
asynchronous to synchronous drives. The torque command isqref could be the output of the speed 
regulator when we use a speed FOC. The outputs of the current regulators are Vsdref and Vsqref; they are 
applied to the inverse Park transformation. The outputs of this projection are Vsαref and Vsβref which are 
the components of the stator vector voltage in the ),( βα stationary orthogonal reference frame. These 
are the inputs of the Space Vector PWM. The outputs of this block are the signals that drive the 
inverter. Note that both Park and inverse Park transformations need the rotor flux position. Obtaining 
this rotor flux position depends on the AC machine type (synchronous or asynchronous machine). Rotor 
flux position considerations are made in a following paragraph. 
 



Rotor Flux Position 
 



Knowledge of the rotor flux position is the core of the FOC. In fact if there is an error in this variable the 
rotor flux is not aligned with d-axis and isd and isq are incorrect flux and torque components of the stator 
current. The following diagram shows the (a,b,c), ),( βα  and (d,q) reference frames, and the correct 
position of the rotor flux, the stator current and stator voltage space vector that rotates with d,q 
reference at synchronous speed. 
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Fig.9  Overall block diagram of sensored field  oriented control 



 
Fig.8 Current, voltage and rotor flux space vectors in the d,q rotating reference frame and their 



relationship with a,b,c and ),( βα  stationary reference frame 
 
The measure of the rotor flux position is different if we consider synchronous or asynchronous motors:  



 In the synchronous machine the rotor speed is equal to the rotor flux speed. Then θ (rotor flux 
position) is directly measured by position sensor or by integration of rotor speed. 



 In the asynchronous machine the rotor speed is not equal to the rotor flux speed (there is a slip 
speed), then it needs a particular method to calculate θ. The basic method is the use of the current 
model which needs two equations of the motor model in d,q reference frame. 



 
Theoretically, the field oriented control for the PMSM drive allows the motor torque be controlled 
independently with the flux like DC motor operation. In other words, the torque and flux are decoupled 
from each other. The rotor position is required for variable transformation from stationary reference 
frame to synchronously rotating reference frame. As a result of this transformation (so called Park 
transformation), q-axis current will be controlling torque while d-axis current is forced to zero. Therefore, 
the key module of this system is the information of rotor position from QEP encoder. The overall block 
diagram of this project is depicted in Fig. 9. 
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Benefits of 32-bit C2000 Controllers for Digital Motor Control (DMC) 
 
C2000 family of devices posses the desired computation power to execute complex control algorithms 
along with the right mix of peripherals to interface with the various components of the DMC hardware 
like the ADC, ePWM, QEP, eCAP etc. These peripherals have all the necessary hooks for 
implementing systems which meet safety requirements, like the trip zones for PWMs and comparators. 
Along with this the C2000 ecosystem of software (libraries and application software) and hardware 
(application kits) help in reducing the time and effort needed to develop a Digital Motor Control solution. 
The DMC Library provides configurable blocks that can be reused to implement new control strategies. 
IQMath Library enables easy migration from floating point algorithms to fixed point thus accelerating the 
development cycle. 
 
Thus, with C2000 family of devices it is easy and quick to implement complex control algorithms 
(sensored and sensorless) for motor control. The use of C2000 devices and advanced control schemes 
provides the following system improvements  



 Favors system cost reduction by an efficient control in all speed range implying right dimensioning of 
power device circuits 



 Use of advanced control algorithms it is possible to reduce torque ripple, thus resulting in lower 
vibration and longer life time of the motor 



 Advanced control algorithms reduce harmonics generated by the inverter thus reducing filter cost.  



 Use of sensorless algorithms eliminates the need for speed or position sensor.  



 Decreases the number of look-up tables which reduces the amount of memory required 



 The Real-time generation of smooth near-optimal reference profiles and move trajectories, results in 
better-performance 



 Generation of high resolution PWM’s is possible with the use of ePWM peripheral for controlling the 
power switching inverters 



 Provides single chip control system 



For advanced controls, C2000 controllers can also perform the following: 



 Enables control of multi-variable and complex systems using modern intelligent methods such as 
neural networks and fuzzy logic. 



 Performs adaptive control. C2000 controllers have the speed capabilities to concurrently monitor the 
system and control it. A dynamic control algorithm adapts itself in real time to variations in system 
behaviour. 



 Performs parameter identification for sensorless control algorithms, self commissioning, online 
parameter estimation update. 



 Performs advanced torque ripple and acoustic noise reduction. 



 Provides diagnostic monitoring with spectrum analysis. By observing the frequency spectrum of 
mechanical vibrations, failure modes can be predicted in early stages. 



 Produces sharp-cut-off notch filters that eliminate narrow-band mechanical resonance. Notch filters 
remove energy that would otherwise excite resonant modes and possibly make the system unstable. 
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TI Literature and Digital Motor Control (DMC) Library 
 
 
The Digital Motor Control (DMC) library is composed of functions represented as blocks. These blocks 
are categorized as Transforms & Estimators (Clarke, Park, Sliding Mode Observer, Phase Voltage 
Calculation, and Resolver, Flux, and Speed Calculators and Estimators), Control (Signal Generation, 
PID, BEMF Commutation, Space Vector Generation), and Peripheral Drivers (PWM abstraction for 
multiple topologies and techniques, ADC drivers, and motor sensor interfaces). Each block is a modular 
software macro is separately documented with source code, use, and technical theory. Check the 
folders below for the source codes and explanations of macro blocks: 
 
 C:\TI\controlSUITE\libs\app_libs\motor_control\math_blocks\v4.0 
 C:\TI\controlSUITE\libs\app_libs\motor_control\drivers\f2803x_v2.0 
 
These modules allow users to quickly build, or customize, their own systems. The Library supports the 
three motor types: ACI, BLDC, PMSM, and comprises both peripheral dependent (software drivers) and 
target dependent modules. 
 
The DMC Library components have been used by TI to provide system examples. At initialization all 
DMC Library variables are defined and inter-connected.  At run-time the macro functions are called in 
order.  Each system is built using an incremental build approach, which allows some sections of the 
code to be built at a time, so that the developer can verify each section of their application one step at a 
time. This is critical in real-time control applications where so many different variables can affect the 
system and many different motor parameters need to be tuned. 
 
Note:  TI DMC modules are written in form of macros for optimization purposes (refer to application 
note SPRAAK2 for more details at TI website). The macros are defined in the header files. The user 
can open the respective header file and change the macro definition, if needed. In the macro 
definitions, there should be a backslash ”\” at the end of each line as shown below which means that 
the code continue in the next line. Any character including invisible ones like “space” after the 
backslash will cause compilation error. Therefore, make sure that the backslash is the last character in 
the line. In terms of code development, the macros are almost identical to C function, and the user can 
easily convert the macro definition to a C functions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



#define PARK_MACRO(v)       \ 
          \ 



v.Ds = _IQmpy(v.Alpha,v.Cosine) + _IQmpy(v.Beta,v.Sine); \ 
v.Qs = _IQmpy(v.Beta,v.Cosine)  - _IQmpy(v.Alpha,v.Sine); 



A typical DMC macro definition 
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System Overview 
 
This document describes the “C” real-time control framework used to demonstrate the sensored field 
oriented control of HVPM motors. The “C” framework is designed to run on TMS320C2803x based 
controllers on Code Composer Studio. The framework uses the following modules1: 
 
Macro Names Explanation 
CLARKE  Clarke Transformation 
PARK / IPARK Park and Inverse Park Transformation 
PI PI Regulators 
RC Ramp Controller (slew rate limiter) 
RG Ramp / Sawtooth Generator 
QEP  QEP Drive 
SPEED_FR Speed Measurement (based on sensor signal frequency) 
SVGEN Space Vector PWM with Quadrature Control (includes IClarke Trans.) 
PWM / PWMDAC PWM and PWMDAC Drives 
1 Please refer to pdf documents in motor control folder explaining the details and theoretical background of each macro 
 
In this system, the sensored Field Oriented Control (FOC) of Permanent Magnet Synchronous 
Motor (PMSM) will be experimented with and will explore the performance of speed control. The PM 
motor is driven by a conventional voltage-source inverter. The TMS320x2803x control card is used to 
generate three pulse width modulation (PWM) signals. The motor is driven by an integrated power 
module by means of space vector PWM technique. Two phase currents of PM motor (ia and ib) are 
measured from the inverter and sent to the TMS320x2803x via two analog-to-digital converters (ADCs). 
In addition, the DC-bus voltage in the inverter is measured and sent to the TMS320x2803x via an ADC. 
This DC-bus voltage is necessary to calculate the three phase voltages when the switching functions 
are known. 
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HVPM_Sensored project has the following properties: 
 
 



C Framework 



System Name Program Memory Usage 
2803x 



Data Memory Usage1 



2803x 
HVPM_Sensored 3795 words2 1252 words 



 
1 Excluding the stack size  
2 Excluding “IQmath” Look-up Tables 
 
 
 
 
 
 
 
 
 
 
 
* At 10 kHz ISR frequency. Debug macros excluded (i.e. PWMDAC, Datalog and RG). IQSin/Cos tables used. 
 
 
 
 
 



System Features 
Development /Emulation Code Composer Studio V4.0(or above) with Real Time debugging 
Target Controller TMS320F2803x 
PWM Frequency 10kHz PWM (Default), 60kHz PWMDAC  
PWM Mode Symmetrical with a programmable dead band 
Interrupts ADC, end of conversion – Implements 10 kHz ISR execution rate 
Peripherals Used PWM 1 / 2 / 3 for motor control  



PWM 6A, 6B, 7A & 7B for DAC outputs 
QEP1 A,B, I  or CAP1  
ADC A7 for DC Bus voltage sensing,  A1 & B1 for phase current sensing 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CPU Utilization – PMSM Sensored 
Total Number of Cycles 725* 
CPU Utilization @ 60 Mhz 12.1% 
CPU Utilization @ 40 Mhz 18.1% 
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The overall system implementing a 3-ph HVPM motor control is depicted in Fig.10. The HVPM motor is 
driven by the conventional voltage-source inverter. The TMS320F2803x is being used to generate the 
six pulse width modulation (PWM) signals using a space vector PWM technique, for six power switching 
devices in the inverter. Two input currents of the HVPM motor (ia and ib) are measured from the 
inverter and they are sent to the TMS320F2803x via two analog-to-digital converters (ADCs). In 
addition, the DC-bus voltage in the inverter is measured and sent to the TMS320F2803x via an ADC as 
well. This DC-bus voltage is necessary in order to calculate three phase voltages of HVPM motor when 
the switching functions are known. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig 10 A 3-ph PM motor drive implementation 
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The software flow is described in the Figure 11 below.  
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1 Since the motor is rated at 200V, the motor can run only at a certain speed and torque range properly without saturating the 
PID regulators in the control loop when the DC bus is fed from 110V AC entry. As an option, the user can run the PFC on HV 
DMC drive platform as boost converter to increase the DC bus voltage level or directly connect a DC power supply. 



 
Hardware Configuration (HVDMC Kit R1.1) 
 
Please refer to the HVMotorCtrl+PFC How to Run Guide found: 
 



C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs  
 
for an overview of the kit’s hardware and steps on how to setup this kit. Some of the hardware setup 
instructions are captured below for quick reference 
 



HW Setup Instructions 



1. Open the Lid of the HV Kit  



2. Install the Jumpers [Main]-J3, J4 and J5, J9 for 3.3V, 5V and 15V power rails and JTAG reset line. 



3. Unpack the DIMM style controlCARD and place it in the connector slot of [Main]-J1. Push vertically 
down using even pressure from both ends of the card until the clips snap and lock. (to remove the 
card simply spread open the retaining clip with thumbs) 



4. Connect a USB cable to connector [M3]-JP1. This will enable isolated JTAG emulation to the      
C2000 device. [M3]-LD1 should turn on. Make sure [M3]-J5 is not populated. If the included Code 
Composer Studio is installed, the drivers for the onboard JTAG emulation will automatically be 
installed. If a windows installation window appears try to automatically install drivers from those 
already on your computer. The emulation drivers are found at 
http://www.ftdichip.com/Drivers/D2XX.htm. The correct driver is the one listed to support the 
FT2232.  



5. If a third party JTAG emulator is used, connect the JTAG header to [M3]-J2 and additionally [M3]-
J5 needs to be populated to put the onboard JTAG chip in reset.  



6. Ensure that [M6]-SW1 is in the “Off” position. Connect 15V DC power supply to [M6]-JP1. 



7. Turn on [M6]-SW1. Now [M6]-LD1 should turn on. Notice the control card LED would light up as 
well indicating the control card is receiving power from the board. 



8. Note that the motor should be connected to the [M5]-TB3 terminals after you finish with the first 
incremental build step. 



9. Note the DC Bus power should only be applied during incremental build levels when instructed to 
do so. The two options to get DC Bus power are discussed below, 



(i)  To use DC power supply, set the power supply output to zero and connect [Main]-BS5 and BS6 to 
DC    power supply and ground respectively. 



(ii) To use AC Mains Power, Connect [Main]-BS1 and BS5 to each other using banana plug cord. Now 
connect one end of the AC power cord to [Main]-P1. The other end needs to be connected to output 
of a variac. Make sure that the variac output is set to zero and it is connected to the wall supply 
through an isolator. 
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For reference the pictures below show the jumper and connectors that need to be connected for this 
lab.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
  



    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 
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Fig. 12 Using AC Power to generate DC Bus Power 
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    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 
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Fig. 13 Using External DC power supply to generate DC-Bus for the inverter 











 20 



Software Setup Instructions to Run HVPM_Sensored Project  



Please refer to the “Software Setup for HVMotorCtrl+PFC Kit Projects” section in the HVMotorCtrl+PFC 
Kit How to Run Guide which can be found at   
 
C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs 
 
Select the HVPM_Sensored as the active project. Select the active build configuration to be set as 
F2803x_RAM. Verify that the build level is set to 1, and then right click on the project name and select 
“Rebuild Project”. Once build completes, launch a debug session to load the code into the controller. 
Now open a watch window and add the critical variables as shown in the table below and select the 
appropriate Q format for them. 
 
 



 
Table 1 Watch Window Variables 



 
Setup time graph windows by importing Graph1.graphProp and Graph2.graphProp from the following 
location C:\TI\ControlSUITE\developement_kits\HVMotorCtrl+PfcKit_v2.0\HVPM_sensored\ . Click on 
Continuous Refresh button      on the top left corner of the graph tab to enable periodic capture of data 
from the microcontroller. 
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Incremental System Build 



The system is gradually built up in order for the final system can be confidently operated. Four phases 
of the incremental system build are designed to verify the major software modules used in the system. 
Table 1 summarizes the modules testing and using in each incremental system build. 
 
 



Software Module Phase 1 Phase 2 Phase 3 Phase 4 
PWMDAC_MACRO √ √ √ √ 
RC_MACRO √ √ √ √ 
RG_MACRO √ √ √ √ 
IPARK_MACRO √√ √ √ √ 
SVGEN_MACRO √√ √ √ √ 
PWM_MACRO √√ √ √ √ 
CLARKE_MACRO  √√ √ √ 
PARK_MACRO  √√ √ √ 
QEP_MACRO   √√ √ 
SPEED_FR_MACRO   √√ √ 
PI_MACRO (IQ)   √√ √ 
PI_MACRO (ID)   √√ √ 
PI_MACRO (SPD)    √√ 
Note: the symbol √ means this module is using and the symbol √√ means this module is testing in this phase. 



 
Table 2 Testing modules in each incremental system build 
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Level 1 Incremental Build  



At this step keep the motor disconnected. Assuming the load and build steps described in the 
“HVMotorCtrl+PFC Kit How To Run Guide” completed successfully, this section describes the steps for 
a “minimum” system check-out which confirms operation of system interrupt, the peripheral & target 
independent I_PARK_MACRO (inverse park transformation) and SVGEN_MACRO (space vector 
generator) modules and the peripheral dependent PWM_MACRO (PWM initializations and update) 
modules. Open HVPM_Sensored-Settings.h and select level 1 incremental build option by setting the 
BUILDLEVEL to LEVEL1 (#define   BUILDLEVEL LEVEL1). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable real 
time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be 
incrementally increased as seen in watch windows to confirm the interrupt working properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 VdTesting (Q24): for changing the d-qxis voltage in per-unit. 
 VqTesting (Q24): for changing the q-axis voltage in per-unit. 
 
Level 1A (SVGEN_MACRO Test) 
 
The SpeedRef value is specified to the RG_MACRO module via RC_MACRO module. The 
IPARK_MACRO module is generating the outputs to the SVGEN_MACRO module. Three outputs from 
SVGEN_MACRO module are monitored via the graph window as shown in Fig. 14 where Ta, Tb, and 
Tc waveform are 120o apart from each other. Specifically, Tb lags Ta by 120o and Tc leads Ta by 120o. 
Check the PWM test points on the board to observe PWM pulses (PWM-1H to 3H and PWM-1L to 3L) 
and make sure that the PWM module is running properly.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig 14 Output of SVGEN, Ta, Tb, Tc and Tb-Tc waveforms 
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Level 1B (testing The PWMDAC Macro) 
 
To monitor internal signal values in real time PWM DACs are very useful tools. Present on the HV DMC 
board are PWM DAC’s which use an external low pass filter to generate the waveforms ([Main]-J14, 
DAC-1 to 4). A simple 1st–order low-pass filter RC circuit is placed on the board to filter out the high 
frequency components. The selection of R and C value (or the time constant, τ) is based on the cut-off 
frequency (fc), for this type of filter the relation is as follows: 



cf
RC



π
τ



2
1



==  



For example, R=1.8kΩ and C=100nF, it gives fc = 884.2 Hz. This cut-off frequency has to be below the 
PWM frequency. Using the formula above, one can customize low pass filters used for signal being 
monitored. The DAC circuit low pass filters ([Main]-R10 to13 & [Main]-C15 to18) is shipped with 2.2kΩ 
and 220nF on the board. Refer to application note SPRAA88A for more details at TI website. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Level 1C (PWM_MACRO and INVERTER Test) 
 



After verifying SVGEN_MACRO module in Level 1a, the PWM_MACRO software module and the 3-
phase inverter hardware are tested by looking at the low pass filter outputs. For this purpose, if using the 
external DC power supply gradually increase the DC bus voltage and check the Vfb-U, V and W test 
points using an oscilloscope or if using AC power entry slowly change the variac to generate the DC bus 
voltage. Once the DC Bus voltage is greater than 15 to 20V you would start observing the Inverter phase 
voltage dividers and waveform monitoring filters (Vfb-U, Vfb-V, Vfb-W) enable the generation of the 
waveform and ensures theta the inverter is working appropriately. Note that the default RC values are 
optimized for AC motor state observers employing phase voltages.  
   
 



After verifying this, reduce the DC Bus voltage, take the controller out of real time mode 
(disable), reset the processor      (see “HVMotorCtrl+PFC Kit How To Run Guide” for details). 
Note that after each test, this step needs to be repeated for safety purposes. Also note that 
improper shutdown might halt the PWMs at some certain states where high currents can be 



drawn, hence caution needs to be taken while doing be taken while doing these experiments. 



Fig.15 DAC 1-4 outputs showing Ta, Tb, Tc and Tb-Tc 
waveforms 
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Level 1 - Incremental System Build Block Diagram



Level 1 verifies the target independent modules, duty cycles and 
PWM updates. The motor is disconnected at this level. 
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Level 2 Incremental Build  
 
Assuming section BUILD 1 is completed successfully, this section verifies the analog-to-digital 
conversion, Clarke / Park transformations. Now the motor can be connected to HVDMC board since the 
PWM signals are successfully proven through level 1 incremental build. Note that the open loop 
experiments are meant to test the ADCs, inverter stage, sw modules etc. Therefore running motor 
under load or at various operating points is not recommended. 
 
Open HVPM_Sensored-Settings.h and select level 2 incremental build option by setting the 
BUILDLEVEL to LEVEL2 (#define   BUILDLEVEL LEVEL2). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable real 
time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be 
incrementally increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 VdTesting(Q24): for changing the d-qxis voltage in per-unit. 
 VqTesting(Q24): for changing the q-axis voltage in per-unit. 
 
During the open loop tests, VqTesting, SpeedRef and DC Bus voltages should be adjusted carefully for 
PM motors so that the generated Bemf is lower than the average voltage applied to motor winding. This 
will prevent the motor from stalling or vibrating. 
 
Phase 2A – Testing the Clarke module 
 
In this part the Clarke module will be tested. The three measured line currents are transformed to two 
phase dq currents in a stationary reference frame. The outputs of this module can be checked from 
graph window.  



 The clark1.Alpha waveform should be same as the clark1.As waveform. 



 The clark1.Alpha waveform should be leading the clark1.Beta waveform by 90o at the same 
magnitude. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*    Deadband = 0.83 usec,   Vdcbus=300V , dlog.prescalar=3 
 



Fig 16 The waveforms of Svgen_dq1.Ta, rg1.Out, and phase A&B currents* 
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Note that the open loop experiments are meant to test the ADCs, inverter stage, sw modules etc. 
Therefore running motor under load or at various operating points is not recommended. 
 
Since the low side current measurement technique is used employing shunt resistors on inverter phase 
legs, the phase current waveforms observed from current test points ([M5]-Ifb-U, and [M5]-Ifb-V) are 
composed of pulses as shown in Fig 17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Level 2B – Adjusting PI Limits 
 
Note that the vectorial sum of d-q PI outputs should be less than 1.0 which refers to maximum duty 
cycle for SVGEN macro. Another duty cycle limiting factor is the current sense through shunt resistors 
which depends on hardware/software implementation. Depending on the application requirements 3, 2 
or a single shunt resistor can be used for current waveform reconstruction. The higher number of shunt 
resistors allow higher duty cycle operation and better dc bus utilization.  
 
Run the system with default VdTesting, VqTesting and SpeedRef and gradually increase VdTesting and 
VqTesting values. Meanwhile, watch the current waveforms in the graph window. Keep increasing until 
you notice distorted current waveforms and write down the maximum allowed VdTesting and VqTesting 
values. Make sure that these values are consistent with expected d-q current component maximums 
while running the motor. After this build level, PI outputs will automatically generate the voltage 
reference and determine the PWM duty cycle depending on the d-q current demand, therefore set 
pi_id.Umax/min and pi_iq.Umax/min according to recorded VdTesting and VqTesting values 
respectively. 
 
Running motor without proper PI limits can yield distorted current waveforms and unstable 
closed loop operations which may damage the hardware.  
 
Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset.  
   
 



Fig.17 Amplified Phase A current 
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Level 2 - Incremental System Build Block Diagram



Level 2 verifies the analog-to-digital conversion, offset compensation, clarke / park transformations.
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Level 3 Incremental Build 
 
Assuming the previous section is completed successfully, this section verifies the dq-axis current 
regulation performed by PI modules and speed measurement modules. To confirm the operation of 
current regulation, the gains of these two PI controllers are necessarily tuned for proper operation. 
 
Open HVPM_Sensored-Settings.h and select level 3 incremental build option by setting the 
BUILDLEVEL to LEVEL3 (#define   BUILDLEVEL LEVEL3). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable 
real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” 
will be incrementally increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 IdRef(Q24): for changing the d-qxis voltage in per-unit. 
 IqRef(Q24): for changing the q-axis voltage in per-unit. 
 
In this build, the motor is supplied by AC input voltage and the PM motor current is dynamically 
regulated by using PI module through the park transformation on the motor currents. 
 
The steps are explained as follows: 



 Compile/load/run program with real time mode. 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different), Idref to zero and 
Iqref to 0.05 pu (or another suitable value). 



 Gradually increase voltage at variac / dc power supply to get an appropriate DC-bus voltage. 



 Check pi_id.Fdb in the watch windows with continuous refresh feature whether or not it should be 
keeping track pi_id.Ref for PI module. If not, adjust its PI gains properly. 



 Check pi_iq.Fdb in the watch windows with continuous refresh feature whether or not it should be 
keeping track pi_iq.Ref for PI module. If not, adjust its PI gains properly. 



 To confirm these two PI modules, try different values of pi_id.Ref and pi_iq.Ref or SpeedRef. 



 For both PI controllers, the proportional, integral, derivative and integral correction gains may be re-
tuned to have the satisfied responses. 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, 
taking the controller out of realtime mode and reset. Now the motor is stopping. 
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During running this build, the current waveforms in the CCS graphs should appear as follows*: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*    Deadband = 0.83 usec,   Vdcbus=300V, dlog.trig_value=100 
 
 
Level 3B – QEP / SPEED_FR test  
 
This section verifies the QEP1 driver and its speed calculation. Qep drive macro determines the rotor 
position and generates a direction (of rotation) signal from the shaft position encoder pulses. Make 
sure that the output of the incremental encoder is connected to [Main]-H1 and QEP/SPEED_FR 
macros are initialized properly in the HVPM_Sensored.c file depending on the features of the speed 
sensor. Refer to the pdf files regarding the details of related macros in motor control folder 
(C:\TI\controlSUITE\libs\app_libs\motor_control). The steps to verify these two software modules 
related to the speed measurement can be described as follows: 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different). 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power 
supply to get the appropriate DC-bus voltage.  



 Add the soft-switch variable “lsw” to the watch window in order to switch from current loop 
to speed loop. In the code lsw manages  the loop setting as follows: 



- lsw=0, lock the rotor of the motor. 
- lsw=1, close the current loop. 



 Set lsw to 1.Now the motor is running close to reference speed.Check the “speed1.Speed” in the 
watch windows with continuous refresh feature whether or not the measured speed is around the 
speed reference. 



 To confirm these modules, try different values of SpeedRef to test the speed. 



Fig.18 Measured theta, rg1.out and Phase A & B current waveforms. 
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 Use oscilloscope to view the electrical angle output, ElecTheta, from QEP_MACRO module and the 
emulated rotor angle, rg1.Out, from RG_MACRO at PWMDAC outputs with external low-pass 
filters. 



 Check that both qep1.ElecTheta and rg1.Out are of saw-tooth wave shape and have the same 
period. If the measured angle is in opposite direction, then change the order of motor cables 
connected to inverter output (TB3 for HVDMC kit). 



 Check from Watch Window that qep1.IndexSyncFlag is set back to 0xF0 every time it reset to 0 by 
hand. Add the variable to the watch window if it is not already in the watch window. 



 Qep1.ElecTheta should be slightly lagging rg1.out, if the calibration angle needs to be adjusted due 
to the angle offset between index and locked rotor position. 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, 
taking the controller out of realtime mode and reset.  



Next, the following steps are to verify and or perform calibration angle of the encoder. The steps are 
as follows: 



 Make sure EQep1Regs.QPOSCNT, EQep1Regs.QPOSILAT, Init_IFlag, qep1.CalibratedAngle, and 
lsw are displayed in watch window. 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different). 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power 
supply to get the appropriate DC-bus voltage.  



 Now the rotor should be locked. Set lsw to 1 to spin the motor. When the first index signal is 
detected by QEP, the EQep1Regs.QPOSILAT register latches the angle offset in between initial 
rotor position and encoder index in the code. Later, EQep1Regs.QPOSILAT is set to maximum of 
EQep1Regs.QPOSCNT as it latches the counter value for each index signal. In the code 
qep1.CalibratedAngle keeps the initial offset value. This value can be recorded to initialize 
qep1.CalibratedAngle at the initialization section in HVPM_Sensored.c or it can be detected in the 
code each time the motor is restarted. The calibration angle might be different for different start-ups 
and can be formulated as follows: 



Calibration Angle = Offset Angle ± n . Line Encoder  



 In the next section fine tune the detected calibration angle until minimum power is drawn under 
certain speed-load conditions for precise field orientation. 
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Level 4 Incremental Build 



Assuming the previous section is completed successfully; this section verifies the speed PI module and 
speed loop. 
 
Open HVPM_Sensored-Settings.h and select level 4 incremental build option by setting the BUILDLEVEL 
to LEVEL4 (#define   BUILDLEVEL LEVEL4). Now Right Click on the project name and click Rebuild 
Project. Once the build is complete click on debug button, reset CPU, restart, enable real time mode and 
run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be incrementally 
increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 SpeedRef (Q24): for changing the rotor speed in per-unit. 
 IdRef (Q24): for changing the d-qxis voltage in per-unit. 
 IqRef (Q24): for changing the q-axis voltage in per-unit. 
 
The key steps can be explained as follows: 



 Set Compile/load/run program with real time mode. 



 Set SpeedRef to 0.3 pu (or another suitable value if the base speed is different). 



 Gradually increase voltage at variac to get an appropriate DC-bus voltage and now the motor is running 
with this reference speed (0.3 pu). 



 Add the soft-switch variable “lsw” to the watch window in order to switch from current loop to 
speed loop. In the code lsw manages  the loop setting as follows: 



- lsw=0, lock the rotor of the motor. 
- lsw=1, close the current loop  
- lsw=2, close the speed loop (sensored FOC). 



 Set lsw to 1.Compare Speed with SpeedRef in the watch windows with continuous refresh feature 
whether or not it should be nearly the same. 



 To confirm this speed PI module, close the speed loop by setting lsw to 2 and try different values of 
SpeedRef (positive or negative).For speed PI controller, the proportional, integral, derivative and 
integral correction gains may be re-tuned to have the satisfied responses. 



 At very low speed range, the performance of speed response relies heavily on the good rotor position 
angle provided by QEP encoder.  



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset. Now the motor is stopping. 



 



LEVEL 4B 



 Once the tuning process is completed, the motor can directly startup with closed speed loop as shown 
in the second block diagram (4B). During the direct startup, use the calibration angle detected in the 
previous level as initial value of qep1. CalibratedAngle and by-pass the calibration angle detection.  
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During running this build, the current waveforms in the CCS graphs should appear as follows* : 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*    Deadband = 0.83 usec,   dlog.trig_value=100,    Vdcbus=300V  
 
 
 
 
 
 



Fig20 Measured theta, svgen duty cycle, and Phase A&B current waveforms under 0.33pu load & 0.3 pu 
speed 



Fig19 Measured theta, svgen duty cycle, and Phase A&B current waveforms under no-load & 0.3 pu 
speed 
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Fig21 Flux and torque components of the stator current in the synchronous reference frame under  
0.33pu step- load and 0.3 pu speed monitored from PWMDAC output 
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 Level 4 verifies the speed PI module and speed loop
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 Level 4 verifies the speed PI module and speed loop
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Abstract 
 
This application note presents a solution for sensorless control of Brushless DC motors using the 
TMS320F2803x microcontrollers. TMS320F280x devices are part of the family of C2000 microcontrollers 
which enable cost-effective design of intelligent controllers for three phase motors by reducing the system 
components and increase efficiency. Using these devices, it is possible to realize precise control 
algorithms.  A complete solution proposal is presented below: control structures, power hardware 
topology, control hardware and remarks on energy conversion efficiency can be found in this document.  
 
This application note covers the following:  
 



 A theoretical background on trapezoidal BLDC motor control principle. 
 Incremental build levels based on modular software blocks. 
 Experimental results 
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Introduction 
 
The economic constraints and new standards legislated by governments place increasingly stringent 
requirements on electrical systems. New generations of equipment must have higher performance 
parameters such as better efficiency and reduced electromagnetic interference. System flexibility must be 
high to facilitate market modifications and to reduce development time. All these improvements must be 
achieved while, at the same time, decreasing system cost. 
 
Brushless motor technology makes it possible to achieve these specifications. Such motors combine high 
reliability with high efficiency, and for a lower cost in comparison with brush motors. This paper describes 
the use of a Brushless DC Motor (BLDC). Although the brushless characteristic can be apply to several 
kinds of motors – AC synchronous motors, stepper motors, switched reluctance motors, AC induction 
motors - the BLDC motor is conventionally defined as a permanent magnet synchronous motor with a 
trapezoidal Back EMF waveform shape.  Permanent magnet synchronous machines with trapezoidal 
Back-EMF and (120 electrical degrees wide) rectangular stator currents are widely used as they offer the 
following advantages first, assuming the motor has pure trapezoidal Back EMF and that the stator phases 
commutation process is accurate, the mechanical torque developed by the motor is constant; secondly, 
the Brushless DC drives show a very high mechanical power density. 
 
BLDC Motors  
 
The BLDC motor is an AC synchronous motor with permanent magnets on the rotor (moving part) and 
windings on the stator (fixed part). Permanent magnets create the rotor flux and the energized stator 
windings create electromagnet poles. The rotor (equivalent to a bar magnet) is attracted by the energized 
stator phase. By using the appropriate sequence to supply the stator phases, a rotating field on the stator 
is created and maintained. This action of the rotor - chasing after the electromagnet poles on the stator - 
is the fundamental action used in synchronous permanent magnet motors. The lead between the rotor 
and the rotating field must be controlled to produce torque and this synchronization implies knowledge of 
the rotor position. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On the stator side, three phase motors are the most common. These offer a good compromise between 
precise control and the number of power electronic devices required to control the stator currents. For the 
rotor, a greater number of poles usually create a greater torque for the same level of current. On the other 
hand, by adding more magnets, a point is reached where, because of the space needed between 
magnets, the torque no longer increases. The manufacturing cost also increases with the number of 
poles. As a consequence, the number of poles is a compromise between cost, torque and volume. 
 
 
 



Fig.1 A three-phase synchronous motor with a one permanent magnet pair 
pole rotor 
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Permanent magnet synchronous motors can be classified in many ways, one of these that is of particular 
interest to us is that depending on back-emf profiles: Brushless Direct Current Motor (BLDC) and 
Permanent Magnet Synchronous Motor (PMSM). This terminology defines the shape of the back-emf of 
the synchronous motor. Both BLDC and PMSM motors have permanent magnets on the rotor but differ in 
the flux distributions and back-emf profiles. To get the best performance out of the synchronous motor, it 
is important to identify the type of motor in order to apply the most appropriate type of control as 
described in the next chapters. 
 



Table 1. Comparison of BLDC and PMSM motors 
 



• Both motor types are synchronous machines. The only difference between them is the shape of the 
induced voltage, resulting from two different manners of wiring the stator coils. The back-emf is 
trapezoidal in the BLDC motor case, and sinusoidal in the PMSM motor case. 



 
• BLDC machines can be driven with sinusoidal currents and PMSM with direct currents, but for better 



performance, PMSM motors should be excited by sinusoidal currents and BLDC machines by direct 
currents. 



 
• The control structure (hardware and software) of a sinusoidal motor required several current sensors 



and sinusoidal phase currents were hard to achieve with analog techniques. Therefore many motors 
(sinusoidal like trapezoidal) were driven with direct current for cost and simplicity reasons (low 
resolution position sensors and single low cost current sensor), compromising efficiency and dynamic 
behavior. 



 
• Digital techniques addressed by the C2000 DSP controller make it possible to choose the right control 



technique for each motor type: Processing power is used to extract the best performance from the 
machine and reduce system costs. Possible options are using sensorless techniques to reduce the 
sensor cost, or even eliminate it, and also complex algorithms can help simplify the mechanical drive 
train design, lowering the system cost. 



 
 
 
 
 



Comparison of BLDC and PMSM motors 



BLDC PMSM 



Synchronous machine  Synchronous machine 



Fed with direct currents Fed with sinusoidal currents 



Trapezoidal Bemf Sinusoidal Bemf 



Stator Flux position commutation each 60 degrees Continuous stator flux position variation 



Only two phases ON at the same time Possible to have three phases ON at the same time 



Torque ripple at commutations No torque ripple at commutations 



Low order current harmonics in the audible range Less harmonics due to sinusoidal excitation 



Higher core losses due to harmonic content Lower core loss  



Less switching losses Higher switching losses at the same switching freq. 



Control algorithms are relatively simple Control algorithms are mathematically intensive 
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BLDC Motor Control   
  
The key to effective torque and speed control of a BLDC motor is based on relatively simple torque and 
Back EMF equations, which are similar to those of the DC motor. The Back EMF magnitude can be 
written as: 



 
 



and the torque term as: 
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where N is the number of winding turns per phase, l is the length of the rotor, r is the internal radius of the 
rotor, B is the rotor magnet flux density, w is the motor’s angular velocity, i is the phase current, L is the 
phase inductance, θ is the rotor position, R is the phase resistance.   



 
The first two terms in the torque expression are parasitic reluctance torque components. The third term 
produces mutual torque, which is the torque production mechanism used in the case of BLDC motors. To 
sum up, the Back EMF is directly proportional to the motor speed and the torque production is almost 
directly proportional to the phase current. These factors lead to the following BLDC motor speed control 
schemes: 
 



 
Fig.2 Speed and Current Control Loop Configurations for a BLDC Motor 



 



 
(a) 



 
(b) 



 
(c) 
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The BLDC motor is characterized by a two phase ON operation to control the inverter. In this control 
scheme, torque production follows the principle that current should flow in only two of the three phases at 
a time and that there should be no torque production in the region of Back EMF zero crossings. The 
following figure describes the electrical wave forms in the BLDC motor in the two phases ON operation. 



 
This control structure has several advantages: 
 
•  Only one current at a time needs to be controlled. 
•  Only one current sensor is necessary (or none for speed loop only, as detailed in the next sections). 
•  The positioning of the current sensor allows the use of low cost sensors as a shunt. 
 
We have seen that the principle of the BLDC motor is, at all times, to energize the phase pair which can 
produce the highest torque. To optimize this effect the Back EMF shape is trapezoidal. The combination 
of a DC current with a trapezoidal Back EMF makes it theoretically possible to produce a constant torque. 
In practice, the current cannot be established instantaneously in a motor phase; as a consequence the 
torque ripple is present at each 60 degree phase commutation. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
                    Fig 3. Electrical Waveforms in the Two Phase ON Operationand Torque Ripple 
 



 
If the motor used has a sinusoidal Back EMF shape, this control can be applied but the produced torque 
is: 
 



• Firstly, not constant but made up from portions of a sine wave. This is due to its being the combination 
of a trapezoidal current control strategy and of a sinusoidal Back EMF. Bear in mind that a sinusoidal 
Back EMF shape motor controlled with a sine wave strategy (three phase ON) produces a constant 
torque. 



• Secondly, the torque value produced is weaker. 
 
 
 
 
 



 
Fig.4 Torque Ripple in a Sinusoidal Motor Controlled as a BLDC 
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System Topology    
 



Three Phase Inverter 
 
The BLDC motor control consists of generating DC currents in the motor phases. This control is 
subdivided into two independent operations: stator and rotor flux synchronization and control of the 
current value. Both operations are realized through the three phase inverter depicted in the following 
scheme. 



 



 
 



Fig.5 Three Phase Inverter 
 
The flux synchronization is derived from the position information coming from sensors, or from sensorless 
techniques. From the position, the controller determines the appropriate pair of transistors (Q1 to Q6) 
which must be driven. The regulation of the current to a fixed 60 degrees reference can be realized in 
either of the two different modes: 
 



1. The Pulse Width Modulation (PWM) Mode 
 
The supply voltage is chopped at a fixed frequency with a duty cycle depending on the current error. 
Therefore both the current and the rate of change of current can be controlled. The two phase supply 
duration is limited by the two phase commutation angles. The main advantage of the PWM strategy is 
that the chopping frequency is a fixed parameter; hence, acoustic and electromagnetic noises are 
relatively easy to filter. 
 
There are also two ways of handling the drive current switching: hard chopping and soft chopping. 
In the hard chopping technique both phase transistors are driven by the same pulsed signal: the two 
transistors are switched-on and switched-off at the same time. The power electronics board is then easier 
to design and is also cheaper as it handles only three pulsed signals. A disadvantage of the hard 
chopping operation is that it increases the current ripple by a large factor in comparison with the soft 
chopping approach. 
 
The soft chopping approach allows not only a control of the current and of the rate of change of the 
current but a minimization of the current ripple as well. In this soft chopping mode the low side transistor 
is left ON during the phase supply and the high side transistor switches according to the pulsed signal. In 
this case, the power electronics board has to handle six PWM signals. 
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2. The Hysteresis Mode 
 



In the hysteresis-type current regulator, the power transistors are switched off and on according to 
whether the current is greater or less than a reference current. The error is used directly to control the 
states of the power transistors. The hysteresis controller is used to limit the phase current within a preset 
hysteresis band. As the supply voltage is fixed, the result is that the switching frequency varies as the 
current error varies. The current chopping operation is thus not a fixed chopping frequency PWM 
technique. This method is more commonly implemented in drives where motor speed and load do not 
vary too much, so that the variation in switching frequency is small. Here again, both hard and soft 
chopping schemes are possible. Since the width of the tolerance band is a design parameter, this mode 
allows current control to be as precise as desired, but acoustic and electromagnetic noise are difficult to 
filter because of the varying switching frequency. 
 



Current Sensing 
 



A characteristic of the BLDC control is to have only one current at a time in the motor (two phases ON). 
Consequently, it is not necessary to put a current sensor on each phase of the motor; one sensor placed 
in the line inverter input makes it possible to control the current of each phase. Moreover, using this 
sensor on the ground line, insulated systems are not necessary, and a low cost resistor can be used. Its 
value is set such that it activates the integrated over-current protection when the maximum current 
permitted by the power board has been reached.  
 
Each current measurement leads to a new PWM duty cycle loaded at the beginning of a PWM cycle. 
Note that, during Turn OFF, the shunt resistor does not have this current to sense, regardless of whether 
the inverter is driven in hard chopping or in soft chopping mode. The figure below depicts the shunt 
current in soft chopping mode and shows that in the Turn OFF operation the decreasing current flows 
through the M2 free wheeling diode and through the maintained closed M4 (so there is no current 
observable in the shunt in this chopping mode during Turn OFF). This implies that it is necessary to start 
a current conversion in the middle of the PWM duty cycle. 



 
 
 



 
 



 
Fig. 6 Shunt Resistor Voltage Drop according to PWM DutyCycles (Soft Chopping) 
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In the hard chopping mode during the Turn OFF neither M1 nor M4 drive current, so that the decreasing 
phase current flows from ground through the shunt resistor via M2 and M3 free wheeling diodes and back 
to ground via the capacitor. In this chopping mode it is possible to see the exponentially decreasing 
phase current across the shunt as a negative shunt voltage drop appears. Assuming that neither the 
power board nor the control board support negative voltages, this necessitates that the current be sensed 
in the middle of the Turn ON. 
 
Achieving a BLDC speed control requires three control layers to be performed. The innermost one is to 
get the rotor position in order to correctly commutate the stator flux. Once the rotor position is known, the 
magnitude of the stator flux has to be generated and controlled. Assuming that the stator flux is 
proportional to the current flowing in the stator coils, the control of the stator flux magnitude is equivalent 
to the control of the input current. The outermost control loop is the speed regulation loop. 



 
Bemf Zero Crossing Point Computation 
 



The resistor divider circuit is specified such that the maximum output from this voltage sensing circuit 
utilizes the full ADC conversion range. The filtering capacitor should filter the chopping frequency, so only 
very small values are necessary (in the range of nF or even less). The sensorless algorithm is based only 
on the three motor terminal voltage measurements and thus requires only four ADC input lines.  
 
In the sensored control structure, the phases are commutated once every 60º mechanical rotation of the 
rotor. This implies that only six commutation signals are sufficient to drive a BLDC motor. Furthermore, an 
efficient control implies synchronization between the phase Bemf and the phase supply so that the Bemf 
crosses zero once during the non-fed 60º sector. The next paragraph shows how it is possible to get the 
three Bemfs and their zero crossings. The figure below depicts the motor terminal model, where L is the 
phase inductance, R is the phase resistance, E is the back electromotive force, Vn is the star connection 
voltage referenced to ground and Vx is the phase voltage referenced to ground. Vx voltages are 
measured by means of the ADC Unit and via the resistance bridge depicted in Fig. 8. 
 
 



 



 



Fig. 7 Backemf sensing circuit on HDMC kit Fig. 8 Stator Terminal Electrical Model 
 
 
 
 
 
 
 
 
 



Stator Phase 
Cable 



ADCInx 
Va Vn 



Ia L R Ea 











C2000 Systems and Applications  10 
 



Assuming that phase C is the non-fed phase it is possible to write the following equations for the three 
terminal voltages: 



VnEa
dt
dIaLRIaVa +++=



 



VnEb
dt
dIbLRIbVb +++=



 



VnEcVc +=  
 
As only two currents flow in the stator windings at any one time, two phase currents are equal and 
opposite. Therefore, 



IbIa −=  



Thus, by adding the three terminal voltage equations we have, 



3Vn EcEbEa Vc Vb  Va +++=++  



The instantaneous Bemf waveforms of the BLDC motor are shown in Figure 9. From this figure it is 
evident that at the Bemf zero crossing points the sum of the three Bemfs is equal to zero. Therefore the 
last equation reduces to, 



3Vn  Vc Vb  Va =++  



 
This equation is implemented in the code to compute the neutral voltage. In the code, the quantity 3Vn is 
represented by the variable called neutral. 
 
 
 
 



 
Fig. 9 Typical current and BEMF waveform sin BLDC motor drive 
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For the non-fed phase (zero current flowing), the stator terminal voltage can be rewritten as follows: 
 



Vn3Vc3Ec3 −=  
 
This equation is used in the code to calculate the Bemf zero crossing point of the non-fed phase C. 
Similar equations are used to calculate the Bemf zero crossing points of other Bemf voltages Ea and Eb. 
As we are interested in the zero crossing of the Bemf it is possible to check only for the Bemf sign 
change; this assumes that the Bemf scanning loop period is much shorter than the mechanical time 
constant. This function is computed after the three terminal voltage samples, typically once every 50us. 
 



Electrical Behavior at Commutation Points 
 



At the instants of phase commutation, high dV/dt and dI/dt glitches may occur due to the direct current 
level or to the parasitic inductance and capacitance of the power board. This can lead to a misreading of 
the computed neutral voltage. This is overcome by discarding the first few scans of the Bemf once a new 
phase commutation occurs. In the code this is implemented by the function named ‘NOISE_WIN’. The 
duration depends on the power switches, the power board design, the phase inductance and the driven 
direct current. This parameter is system-dependent and is set to a large value in the low speed range of 
the motor. As the speed increases, the s/w gradually lowers this duration since the Bemf zero crossings 
also get closer at higher speed. 
 



Commutation Instants Computation 
 
In an efficient sensored control the Bemf zero crossing points are displaced 30° from the instants of 
phase commutation. So before running the sensorless BLDC motor with help of the six zero crossing 
events it is necessary to compute the time delay corresponding to this 30° delay angle for exact 
commutation points. This is achieved by implementing a position interpolation function. In this software it 
is implemented as follows: let T be the time that the rotor spent to complete the previous revolution and α 
be the desired delay angle. By dividing α by 360° and multiplying the result by T we obtain the time 
duration to be spent before commutating the next phase pair. In the code this delay angle is fixed to 30°. 
The corresponding time delay is represented in terms of the number of sampling time periods and is 
stored in the variable cmtn_delay. Therefore, 
Time delay = cmtn_delay .Ts = T(α /360) = v_timer.Ts(α /360) = v_timer . Ts/12 
 
Where, Ts is the sampling time period and v_timer is a timer that counts the number of sampling cycles 
during the previous revolution of the rotor. 
 
The above equation is further simplified as, 
 
cmtn_delay = v_timer /12 
 
This equation is implemented in the code in order to calculate the time delay corresponding to the 
30° commutation delay angle. 
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Benefits of 32-bit C2000 Controllers for Digital Motor Control (DMC) 
 
C2000 family of devices posses the desired computation power to execute complex control algorithms 
along with the right mix of peripherals to interface with the various components of the DMC hardware like 
the ADC, ePWM, QEP, eCAP etc. These peripherals have all the necessary hooks for implementing 
systems which meet safety requirements, like the trip zones for PWMs and comparators. Along with this 
the C2000 ecosystem of software (libraries and application software) and hardware (application kits) help 
in reducing the time and effort needed to develop a Digital Motor Control solution. The DMC Library 
provides configurable blocks that can be reused to implement new control strategies. IQMath Library 
enables easy migration from floating point algorithms to fixed point thus accelerating the development 
cycle. 
 
Thus, with C2000 family of devices it is easy and quick to implement complex control algorithms 
(sensored and sensorless) for motor control. The use of C2000 devices and advanced control schemes 
provides the following system improvements:  



 Favors system cost reduction by an efficient control in all speed range implying right dimensioning of 
power device circuits 



 Use of advanced control algorithms it is possible to reduce torque ripple, thus resulting in lower 
vibration and longer life time of the motor 



 Advanced control algorithms reduce harmonics generated by the inverter thus reducing filter cost.  



 Use of sensorless algorithms eliminates the need for speed or position sensor.  



 Decreases the number of look-up tables which reduces the amount of memory required 



 The Real-time generation of smooth near-optimal reference profiles and move trajectories, results in 
better-performance 



 Generation of high resolution PWM’s is possible with the use of ePWM peripheral for controlling the 
power switching inverters 



 Provides single chip control system 



For advanced controls, C2000 controllers can also perform the following: 



 Enables control of multi-variable and complex systems using modern intelligent methods such as neural 
networks and fuzzy logic. 



 Performs adaptive control. C2000 controllers have the speed capabilities to concurrently monitor the 
system and control it. A dynamic control algorithm adapts itself in real time to variations in system 
behaviour. 



 Performs parameter identification for sensorless control algorithms, self commissioning, online 
parameter estimation update. 



 Performs advanced torque ripple and acoustic noise reduction. 



 Provides diagnostic monitoring with spectrum analysis. By observing the frequency spectrum of 
mechanical vibrations, failure modes can be predicted in early stages. 



 Produces sharp-cut-off notch filters that eliminate narrow-band mechanical resonance. Notch filters 
remove energy that would otherwise excite resonant modes and possibly make the system unstable. 
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TI Literature and DMC Library 
 
The Digital Motor Control (DMC) library is composed of functions represented as blocks. These blocks 
are categorized as Transforms & Estimators (Clarke, Park, Sliding Mode Observer, Phase Voltage 
Calculation, and Resolver, Flux, and Speed Calculators and Estimators), Control (Signal Generation, PID, 
BEMF Commutation, Space Vector Generation), and Peripheral Drivers (PWM abstraction for multiple 
topologies and techniques, ADC drivers, and motor sensor interfaces). Each block is a modular software 
macro is separately documented with source code, use, and technical theory. Check the folders below for 
the source codes and explanations of macro blocks: 
 
 C:\TI\controlSUITE\libs\app_libs\motor_control\math_blocks\v4.0 
 C:\TI\controlSUITE\libs\app_libs\motor_control\drivers\f2803x_v2.0 
 
These modules allow users to quickly build, or customize, their own systems. The Library supports the 
three motor types: ACI, BLDC, PMSM, and comprises both peripheral dependent (software drivers) and 
target dependent modules. 
 
The DMC Library components have been used by TI to provide system examples. At initialization all DMC 
Library variables are defined and inter-connected.  At run-time the macro functions are called in order.  
Each system is built using an incremental build approach, which allows some sections of the code to be 
built at a time, so that the developer can verify each section of their application one step at a time. This is 
critical in real-time control applications where so many different variables can affect the system and many 
different motor parameters need to be tuned. 
 
Note:  TI DMC modules are written in form of macros for optimization purposes (refer to application note 
SPRAAK2 for more details at TI website). The macros are defined in the header files. The user can open 
the respective header file and change the macro definition, if needed. In the macro definitions, there 
should be a backslash ”\” at the end of each line as shown below which means that the code continue in 
the next line. Any character including invisible ones like “space” after the backslash will cause compilation 
error. Therefore, make sure that the backslash is the last character in the line. In terms of code 
development, the macros are almost identical to C function, and the user can easily convert the macro 
definition to a C functions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



#define PARK_MACRO(v)         \ 
                 \ 



v.Ds = _IQmpy(v.Alpha,v.Cosine) + _IQmpy(v.Beta,v.Sine);   \ 
v.Qs = _IQmpy(v.Beta,v.Cosine)  - _IQmpy(v.Alphv.Sine); 



A typical DMC macro definition 
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System Overview 
 
This document describes the “C” real-time control framework used to demonstrate the trapezoidal control 
of BLDC motors. The “C” framework is designed to run on TMS320C2803x based controllers on Code 
Composer Studio. The framework uses the following modules1: 
 
Macro Names Explanation 
BLDCPWM / PWMDAC PWM and PWMDAC Drives 
COM_TRIG Commutation Trigger Generator Module 
PID PID Regulators 
RC Ramp Controller (slew rate limiter) 
RC2 Ramp up and Ramp down Module 
RC3 Ramp down Module 
SPEED_PR Speed Measurement (based on sensor signal period) 
IMPULSE Impulse Generator 
MOD6_CNT Mod 6 Counter 
1 Please refer to pdf documents in motor control folder explaining the details and theoretical background of each macro 



 
 
In this system, the sensorless trapezoidal control of BLDC motors will be experimented with and will 
explore the performance of the speed controller. The BLDC motor is driven by a conventional voltage-
source inverter. The TMS320F2803x control card is used to generate three pulse width modulation 
(PWM) signals. The motor is driven by an integrated power module by means of BLDC specific PWM 
technique. Phase voltages and DC bus return current (I fb Ret) is measured and sent to the 
TMS320x2803x via analog-to-digital converters (ADCs). 
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HVBLDC_Sensorless project has the following properties: 
 
 



C Framework 



System Name Program Memory Usage 
2803x 



Data Memory Usage1 



2803x 
HVBLDC_Sensorless 4098 words2 2012 words 



 
 
1 Excluding the stack size  
2 Excluding “IQmath” Look-up Tables 
 
 
 
  



CPU Utilization – BLDC Sensorless 
Total Number of Cycles  431* 
CPU Utilization @ 60 Mhz  14.4% 
CPU Utilization @ 40 Mhz  21.6% 



 
*  At 20 kHz ISR freq. Debug macros excluded. 
 
 
 
 
 
 
 
 



System Features 
Development /Emulation Code Composer Studio v4.1 (or above) with Real Time debugging 
Target Controller TMS320F2803x 
PWM Frequency 20kHz PWM (Default), 60kHz PWMDAC  
PWM Mode Asymmetrical with no dead band 
Interrupts CPU Timer 0 – Implements 40 kHz ISR execution rate 
Peripherals Used PWM 1 / 2 / 3 for motor control  



PWM 6A, 6B, 7A & 7B for DAC outputs 
ADC A2 for low side DC bus return current sensing, B1-3 for Bemf sensing 
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The overall system implementing a 3-ph sensorless BLDC control is depicted in Fig.6 and 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig 6 A 3-ph BLDC drive implementation 
 



Fig. 7 Overall block diagram of sensorless control of BLDC 
 



*Note that the dcbus return current is obtained through the summation of three phase currents in R1.1 
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The software flow is described below:  
 



 
Interrupt INT1



TINT0_ISR



Save contexts and clear 
interrupt flags



Execute ADC 
conversion (for current 



loop)



Execute Hall Drv



Execute Mod6 counter 
module



Execute RC2 module



Execute PID module



Execute BLDC PWM 
DRV



Update Datalog and 
Virtual Timer



Restore context Return 



c_ int0



Initialize S /W 
modules



Initialize time 
bases



Confg CPU Timer 0
and enable INT1



Initialize other 
system and 



module parameters



Background 
loop INT 1



 











C2000 Systems and Applications  18 
 



Hardware Configuration (HVDMC Kit R1.1) 
 
Please refer to the HVMotorCtrl+PFC How to Run Guide found: 
 



C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs  
 
for an overview of the kit’s hardware and steps on how to setup this kit. Some of the hardware setup 
instructions are captured below for quick reference 
 



HW Setup Instructions 



1. Open the Lid of the HV Kit  



2. Install the Jumpers [Main]-J3, J4 and J5, J9 for 3.3V, 5V and 15V power rails and JTAG reset line. 



3. Unpack the DIMM style controlCARD and place it in the connector slot of [Main]-J1. Push vertically 
down using even pressure from both ends of the card until the clips snap and lock. (to remove the 
card simply spread open the retaining clip with thumbs) 



4. Connect a USB cable to connector [M3]-JP1. This will enable isolated JTAG emulation to the      
C2000 device. [M3]-LD1 should turn on. Make sure [M3]-J5 is not populated. If the included Code 
Composer Studio is installed, the drivers for the onboard JTAG emulation will automatically be 
installed. If a windows installation window appears try to automatically install drivers from those 
already on your computer. The emulation drivers are found at 
http://www.ftdichip.com/Drivers/D2XX.htm. The correct driver is the one listed to support the FT2232.  



5. If a third party JTAG emulator is used, connect the JTAG header to [M3]-J2 and additionally [M3]-J5 
needs to be populated to put the onboard JTAG chip in reset.  



6. Ensure that [M6]-SW1 is in the “Off” position. Connect 15V DC power supply to [M6]-JP1. 



7. Turn on [M6]-SW1. Now [M6]-LD1 should turn on. Notice the control card LED would light up as well 
indicating the control card is receiving power from the board. 



8. Note that the motor should be connected to the [M5]-TB3 terminals after you finish with the first 
incremental build step. 



9. Note the DC Bus power should only be applied during incremental build levels when instructed to do 
so. The two options to get DC Bus power are discussed below, 



(i)  To use DC power supply, set the power supply output to zero and connect [Main]-BS5 and BS6 to DC    
power supply and ground respectively. 



(ii) To use AC Mains Power, Connect [Main]-BS1 and BS5 to each other using banana plug cord. Now 
connect one end of the AC power cord to [Main]-P1. The other end needs to be connected to output 
of a variac. Make sure that the variac output is set to zero and it is connected to the wall supply 
through an isolator. 



 
Note: Phase voltage sensing caps (C21, 22, 23) are optimized for AC motor control. Use lower value 
capacitors (i.e. <=2.2nF) to reach peak torque. Also note that, dc bus current feedback is obtained as 
sum of all three phases instead of a shunt resistor on the dc bus return path.   
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For reference the pictures below show the jumper and connectors that need to be connected for this lab.  
Note that the order of motor cable colors connected to inverter output should be as shown below. Please 
check the motor datasheet for further details. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. 8 Using AC Power to generate DC Bus Power 



    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 
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    CAUTION: The inverter bus capacitors remain charged for a long time after the high 
power line supply is switched off/disconnected. Proceed with caution! 
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Fig.9 Using External DC power supply to generate DC-Bus for the inverter 
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Software Setup Instructions to Run HVBLDC_Sensorless Project  



Please refer to the “Generic Steps for Software Setup for HVMotorCtrl+PFC Kit Projects” section in the 
HVMotorCtrl+PFC Kit How To Run Guide  
 
C:\TI\controlSUITE\development_kits\HVMotorCtrl+PfcKit_v2.0\~Docs 
 
This section goes over how to install CCS and set it up to run with this project. 
Select the HVBLDC_Sensorless as the active project. Verify that the build level is set to 1, and then right 
click on the project name and select “Rebuild Project”. Once build completes, launch a debug session to 
load the code into the controller. Now open a watch window and add the variables shown in the table 
below and select the appropriate Q format for them. 



Watch Window Variables 
Variable Name Viewed as 



EnableFlag Unsigned Integer 
IsrTicker Unsigned Integer 
SpeedRef Q24 
Dlog.prescalar Integer 
SpeedLoopFlag Unsigned Integer 
ILoopFlag Unsigned Integer 
CmtnPeriodTarget Unsigned Integer 
DFuncDesired Unsigned Integer 
ClosedFlag Unsigned Integer 
pid1_spd.Out Q24 
pid1_idc.Out Q24 
pid1_spd.Kp Q24 
speed1.Speed Q24 



Setup time graph windows by importing Graph1.graphProp and Graph2.graphProp from the following 
location C:\TI\ControlSUITE\developement_kits\HVMotorCtrl+PfcKit_v2.0\HVBLDC_Sensorless Click on 
Continuous Refresh button      on the top left corner of the graph tab to enable periodic capture of data 
from the microcontroller. 



Incremental System Build for Sensorless BLDC project 



The system is gradually built up in order for the final system can be confidently operated. Six phases of 
the incremental system build are designed to verify the major software modules used in the system. The 
table below summarizes the modules testing and using in each incremental system build. 
 



Testing modules in each incremental system build 
Software Module Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 
PWMDAC_MACRO  √√ √ √ √ 
RC3_MACRO √√ √√ √ √ √ 
MOD6_CNT_MACRO √√ √√ √ √ √ 
IMPULSE_MACRO √√ √√ √ √ √ 
BLDCPWM_MACRO √√ √√ √ √ √ 
RC2_MACRO   √√ √ √ 
HALL3 _READ_MACRO   √√ √ √ 
SPEED_PR_MACRO   √√ √ √ 
PID_MACRO (IDC)    √√ √ 
RC_MACRO      √√ 
PID_MACRO (SPD)     √√ 
Note: the symbol √ means this module is using and the symbol √√ means this module is testing in this phase. 
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Level 1 Incremental Build  



Assuming the load and build steps described in the “HVMotorCtrl+PFC Kit How To Run Guide” completed 
successfully, this section describes the steps for a “minimum” system check-out which confirms operation 
of system interrupts, some peripheral & target independent modules and one peripheral dependent 
module. Open HVBLDC_Sensorless-Settings.h and select level 1 incremental build option by setting the 
BUILDLEVEL to LEVEL1 (#define   BUILDLEVEL LEVEL1). Now Right Click on the project name and 
click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, enable real 
time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named “IsrTicker” will be 
incrementally increased as seen in watch windows to confirm the interrupt working properly. 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 
 
The key explanations and steps are given as follows: 



 The start-up and the initial speed up of the BLDC motor is controlled by the RMP3CNTL module. This 
module generates a ramp down function. This ramp down feature of RMP3CNTL module allows speed 
up of the BLDC motor from stand still in an open loop configuration (like a stepper motor). Note that the   



 One of the inputs to RMP3CNTL module, DesiredInput, determines the final speed at the end of the 
motor speed up phase. This input is provided from the system using the system variable 
CmtnPeriodTarget. User initializes this system variable with appropriate value depending on the type of 
the BLDC motor. The second input to RMP3CNTL module is rmp3_dly, which is also user initialized by 
using the system variable RampDelay. This determines the rate at which the motor speeds up. The 
output of RMP3CNTL module is Out, which provides a variable time period gradually decreasing in 
time. The second output of RMP3CNTL module is Ramp3DoneFlag, which, when set to 0x7FFF, 
indicates the end of the ramp down (or motor speed up) phase. 



 Out is used to provide the input Period for the IMPULSE module. This module generates periodic 
impulses with period specified by its input Period. 



 The DATALOG module is used to view the output variables of the modules. The initialization required to 
perform this, is done in the level 1 incremental build initialization routine. During this initialization, one of 
the inputs of DATALOG module is configured to point to mod1.Counter. Thus Out signal is shown in the 
graph in CCS. 



 The periodic impulse output, Out, is applied to the input TrigInput of the MOD6_CNT module. The 
output of this module is Counter, which can assume one of the 6 possible values 0, 1, 2, 3, 4 or 5. This 
output changes from one state to the next when a trigger pulse is applied to the input. This Counter is 
finally used as the pointer input, CmtnPointer, for the module BLDC_3PWM_DRV. These 6 values of 
the pointer variable, CmtnPointer , are used to generate the 6 commutation states of the power inverter 
driving the BLDC motor. The duty cycle of the generated PWM outputs (according to the 6 commutation 
states) during the motor speed up phase are determined by the input DfuncTesting.  
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 Now, compile/load/run program with real time mode and set “EnableFlag” to 1 in the watch window. 
Initially when RMP3CNTL ramps down, Period (the period of Out) will also gradually go down. At the 
end of ramp period (when Out equals DesiredInput) Period will become constant and Ramp3DoneFlag 
will set to 0x7FFF. Enter a new lower value for CmtnperiodTarget (DesiredInput). Then Period will 
gradually reduce to the new value.  



 Check MOD6_CNT output variable Counter in the watch window and graph window. This will vary 
between 0 and 5. 



 Use a scope to check the PWM outputs controlled by the peripheral dependent module 
BLDC_3PWM_DRV. The odd numbered PWM outputs (PWM1, PWM3, and PWM5) will either generate 
PWM pulses or remain OFF. The even numbered PWM outputs (PWM2, PWM4, and PWM6) will either 
remain ON or OFF.  



 The output states of all the 6 PWM outputs will be such that together they generate the 6 commutation 
states of the power inverter driving the BLDC motor. 



 After verifying this take the controller out of real time mode (disable) reset the processor and then 
terminate the debug session. 



 



During running this level, the PWM outputs should be appeared as follow: 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Fig. 10 The PWM outputs , PWM 1 (Yellow) , PWM 2 
(Pink) and  PWM 5 (Green), PWM 6 (Blue) 
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Level 1 Incremental System Build Block Diagram
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Level 1 describes the steps for a “minimum” system check-out which confirms operation of system interrupts, some peripheral & 
target independent modules and one peripheral dependent module.
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Level 2 Incremental Build  



Assuming the previous section is completed successfully, this section verifies the open loop motor 
operation and current measurement. Open HVBLDC_Sensorless-Settings.h and select level 1 
incremental build option by setting the BUILDLEVEL to LEVEL2 (#define   BUILDLEVEL LEVEL2). Now 
Right Click on the project name and click Rebuild Project. Once the build is complete click on debug 
button, reset CPU, restart, enable real time mode and run. Set “EnableFlag” to 1 in the watch window. 
The variable named “IsrTicker” will be incrementally increased as seen in watch windows to confirm the 
interrupt working properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 
 
The key steps can be explained as follows: 
 
Level 2A Open Loop Test 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage. Now the motor is running with default DFuncTesting value. 



 If the open loop commutation parameters are chosen properly then the motor will gradually speed up 
and finally run at a constant speed in open loop commutation mode. 



 The final speed of the motor will depend on the parameter CmtnPeriodTarget. The lower the value for 
this variable the higher will be the motor final speed. Since the motor Bemf depends on it’s speed, the 
value chosen for CmtnPeriodTarget will also determine the generated Bemf. 



 The average applied voltage to the motor during startup will depend on the parameter DfuncTesting. 
The parameters DfuncTesting and CmtnPeriodTarget should be such that, at the end of motor speed 
up phase, the generated Bemf is lower than the average voltage applied to motor winding. This will 
prevent the motor from stalling or vibrating. The default DfuncTesting and CmtnPeriodTarget values in 
the initialization section is selected for the motor in HVDMC kit. When a different motor is tested, these 
values need to be tuned to prevent possible vibration and startup the motor properly. Both DfuncTesting 
and CmtnPeriodTarget should be adjusted accordingly in the watch windw to increase the motor 
speed.The motor speed up time will depend on RampDelay, the time period of the main sampling loop 
and the difference between CmtnPeriodTarget and CmtnPeriodSetpt. 



Note: This step is not meant for wide speed and torque range operation; instead the overall system is      
tested and calibrated before closing the loops at a certain speed under no-load.  



 Bring the system to a safe stop as described below by reducing the bus voltage, taking the controller 
out of realtime mode and reset.  



 
 



After verifying this, reduce the DC Bus voltage, take the controller out of real time mode (disable), 
reset the processor      (see “HVMotorCtrl+PFC Kit How To Run Guide” for details). Note that 
after each test, this step needs to be repeated for safety purposes. Also note that improper 
shutdown might halt the PWMs at some certain states where high currents can be drawn, hence 



caution needs to be taken while doing these be taken while doing these experiments.  
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Level 2B ADC Verification and Offset Calibration 



 Verify ADC operation by monitoring dc bus return current and all three back emfs (optional). 



 Turn off the power supply and compile/load/run program with real time mode. When the dc bus voltage 
is zero, the displayed current on the watch window (DCbus_current) should be zero. If not, adjust the 
offset value in the code by going to : 



DCbus_current = _IQ12toIQ(AdcResult.ADCRESULT4)-_IQ(0.5);   



and change IQ15(0.50) offset value (e.g. IQ15(0.5087) or IQ15(0.4988) depending on the sign and 
amount of the offset. Once this step is completed, turn on the power supply and set the output value to 
zero.  



 



During level 2, the BLDC Hall Effect sensors’ output (if applicable) and PWMDAC outputs should be 
appeared as follows: 



 



 



 



  



 



 



 



 



  



 



 



 



 



 



 



 



 



 



Fig. 11 The outputs of Hall Effect sensors, Hall A, B and C 



Fig. 12 PWMDAC outputs  BemfA, BemfB and 
BemfC, (VdcBus=160V) 
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During running this level, the waveforms in the CCS graphs should be appeared as follow: 



 



 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



Fig. 13 (a) mod6 counter (b) impulse output (dlog.prescalar=3) 



Fig. 14 (a) mod6 counter, (b) BemfA, (c) BemfB and (d)BemfC, 
(dlog.prescalar = 25 & VdcBus =160V) 
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Level 3 Incremental Build  



Assuming the previous section completed successfully, this section verifies the peripheral independent 
module COMTN_TRIG. Open HVBLDC_Sensorless-Settings.h and select level 3 incremental build option 
by setting the BUILDLEVEL to LEVEL3 (#define   BUILDLEVEL LEVEL3). Now Right Click on the project 
name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, 
enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 



 
The key steps can be explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage. Now the motor will gradually speed up and finally run at a constant 
speed in open loop commutation mode with default DFuncDesired value. 



 View COMTN_TRIG module output variables CmtnTrig, Neutral, ZcTrig and DebugBemf from either 
from graphs window or scope. 



 Verify that Neutral has been correctly re-constructed and DebugBemf shows the 6 "non-energized" 
Bemf ramps. Zero crossing triggers (ZcTrig) should be correctly aligned with zero's of Bemf ramps. 



 Commutation triggers (CmtnTrig) should appear 30o after ZcTrig and be aligned with commutation 
points, i.e. direction changes of Bemf ramps. 



 Bring the system to a safe stop as described below by reducing the bus voltage, taking the controller 
out of realtime mode and reset.  



During running this level, the waveforms at the PWM outputs should appear as follows: 
 



Fig. 15 (a) Neutral, (b) DebugBemf, (c) BemfA and (d)BemfB 
(VdcBus =160V) 
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Level 4 Incremental Build  
 
Assuming the previous section is completed successfully, this section verifies the closed loop motor 
operation based on the computed Bemf zero crossings and the resulting commutation trigger points. 
Open HVBLDC_Sensorless-Settings.h and select level 4 incremental build option by setting the 
BUILDLEVEL to LEVEL4 (#define   BUILDLEVEL LEVEL4) and save the file. Now Right Click on the 
project name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, 
restart, enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below. 
 
 RampDelay (Q0 format): for changing the ramping time. 
 CmtnPeriodTarget (Q0 format): for changing the targeted commutation interval. 
 DFuncDesired (Q15 format): changing the PWM duty function in per-unit. 
 
 
The key steps can be explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage.  



 The motor will gradually speed up and finally switch to closed loop commutation mode.  



 The switch over from open loop commutation to closed loop commutation occurs when 
Ramp3DoneFlag is set to 0x7FFFFFFF indicating the end of motor speed up phase. Until this switch 
over occurs MOD6_CNT module is triggered by the output of IMPULSE module. After the switch over, 
MOD6_CNT module is triggered by the output of COMTN_TRIG module. 



 When the speed up phase is over, vary the motor speed by changing DFuncDesired. This parameter is 
used as input to a second ramp control module RMP2CNTL. The output of this module is Out, which 
controls the duty cycle parameter DutyFunc. This varies the power delivered to the motor and hence it’s 
speed. The second input to the RMP2CNTL module is Ramp2Delay. This controls the rate at which the 
ramp value changes. This variable is initialized by the user from the HVBLDC_Sensorless.c file. 



 Bring the system to a safe stop as described below by reducing the bus voltage, taking the controller 
out of realtime mode and reset. 
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During running this level, the current waveforms in the CCS graphs should appear as follows: 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
PWMDAC outputs should appear as follows on the scope:  
 
 



Fig. 16 (a) mod6 counter, (b) BemfA, (c) BemfB and (d)BemfC 
(dlog.prescalar=25 &Vdcbus=160V) 



Fig. 17  PWMDAC outputs a)  BemfA, (b) BemfB, (c)BemfC and (d) mod6 counter 
(Vdcbus=160V) 
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Level 4 Incremental System Build Block Diagram
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Level 4 verifies the closed loop motor operation based on the computed Bemf zero crossings and the resulting 
commutation trigger points. 
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Level 5 Incremental Build 
 
Assuming the previous section is completed successfully, this section verifies the closed current loop and 
current PI controller. Open HVBLDC_Sensorless-Settings.h and select level 5 incremental build option by 
setting the BUILDLEVEL to LEVEL5 (#define   BUILDLEVEL LEVEL5). Now Right Click on the project 
name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, 
enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below.  
 
 DFuncDesired (Q15 format): for changing the PWM duty cycle in per-unit. 
 CurrentSet (GLOBAL_Q format): for changing the reference DC-bus current in per-unit. 
 ILoopFlag (Q0 format): for switching between fixed duty-cycle and controlled Idc duty-cycle. 
 
The steps are explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage.  



 The motor will gradually speed up and finally switch to closed loop commutation mode. 



 Increase/decrease the motor speed by changing DFuncDesired. 



 Now use the variable CurrentSet to specify the reference current for the PI controller PID_REG3. Once 
the ClosedFlag set to 1 in the code, change ILoopflag to 1 to activate the current loop PI controller.  
Once this is done, the PI controller will start to regulate the DC bus current and hence the motor 
current. Gradually increase/decrease the command current (CurrentSet value) to change the torque 
command and adjust PI gains. Note that the speed is not controlled in this step and a non-zero torque 
reference will keep increasing the motor speed. Therefore, the motor should be loaded using a 
brake/generator (or manually if the motor is small enough) after closing the loop. Initially apply relatively 
light load and then gradually increase the amount of the load. If the applied load is higher than the 
torque reference, the motor cannot handle the load and stops immediately after closing the current 
loop.   



 Verify the motor speed (both pu and rpm) calculated by SPEED_PR 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset.  
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During running this level, the current waveforms in the CCS graphs should appear as follows: 



 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
PWMDAC outputs should appear as follows on the scope:  



Fig. 18  a) mod 6 counter (b) BemfA, (c) BemfB, (d )BemfC 
(dlog.presalar = 25 & Vdcbus=160V) 



Fig. 19  PWMDAC outputs a)  BemfA, (b) BemfB, (c)BemfC and (d) mod6 counter 
(Vdcbus=160V) 
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Level 5 Incremental System Build Block Diagram
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Level 5 verifies the closed current loop and  current PI controller.
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Level 6 Incremental Build 
 
Assuming the previous section is completed successfully, this section verifies the closed speed loop and 
speed PI controller. Open HVBLDC_Sensorless-Settings.h and select level 6 incremental build option by 
setting the BUILDLEVEL to LEVEL6 (#define   BUILDLEVEL LEVEL6). Now Right Click on the project 
name and click Rebuild Project. Once the build is complete click on debug button, reset CPU, restart, 
enable real time mode and run. Set “EnableFlag” to 1 in the watch window. The variable named 
“IsrTicker” will be incrementally increased as seen in watch windows to confirm the interrupt working 
properly. 
 
In the software, the key variables to be adjusted are summarized below.  
 
 SpeedRef (GLOBAL_Q format): for changing the reference DC-bus current in per-unit. 
 
The steps are explained as follows: 



 Compile/load/run program with real time mode and then increase voltage at variac / dc power supply to 
get the appropriate DC-bus voltage.  



 The motor will gradually speed up and finally switch to closed loop commutation mode. 



 Now use the variable SpeedRef to specify the reference speed for the PI controller PID_REG3. The 
SpeedLoopFlag is automatically activated when the PI reference is ramped up from zero speed to 
SpeedRef. Once this is done, the PI controller will start to regulate the motor speed. Gradually increase 
the command speed (SpeedRef value) to increase the motor speed. 



 Adjust speed PI gains to obtain the satisfied speed responses, if needed. 



 Bring the system to a safe stop as described at the end of build 1 by reducing the bus voltage, taking 
the controller out of realtime mode and reset.  



 



 



 



 



 



 



 



 



 



 



 



 











C2000 Systems and Applications  38 
 



During running this level, the current waveforms in the CCS graphs should appear as follows: 



 



 
 
 
 
 
 
 
 
 
 
 
 PWMDAC outputs should appear as follows on the scope:  
 
 
 
 
 
  
 



Fig. 20   a) mod 6 counter (b) BemfA, (c) BemfB, (d )BemfC   
 ( at 0.25 pu speed under no-load, Vdcbus=160V) 



 



Fig. 21  PWMDAC outputs a)  BemfA, (b) BemfB, (c)BemfC and (d) mod6 counter  
(at 0.25 pu speed under no-load, Vdcbus=160V) 
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Level 6 Incremental System Build Block Diagram
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Level 6 verifies the closed speed loop and speed PI controller.
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Appendix A/HVPM_Sensored/F2803x_FLASH/DLOG4CHC.obj





Appendix A/BLDC_Testing/F2803x_FLASH/DLOG4CHC.obj





Appendix A/HVPM_Sensored/F2803x_FLASH/DSP2803x_CodeStartBranch.obj





Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_CodeStartBranch.obj





Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_CpuTimers.obj





Appendix A/HVPM_Sensored/F2803x_FLASH/DSP2803x_GlobalVariableDefs.obj





Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_GlobalVariableDefs.obj





Appendix A/HVPM_Sensored/F2803x_FLASH/DSP2803x_usDelay.obj





Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_usDelay.obj





Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless-DevInit_F2803x.obj





Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored-DevInit_F2803x.obj





Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored.obj





Appendix A/BLDC_Testing/IQmath.lib
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IQ22asin.obj








IQ22atan2.obj








IQ22atan2PU.obj








IQ22cos.obj








IQ22cosPU.obj








IQ22div.obj








IQ22exp.obj








IQ22frac.obj








IQ22int.obj








IQ22isqrt.obj








IQ22mag.obj








IQ22mpyI32frac.








IQ22mpyI32int.o








IQ22rmpy.obj








IQ22rsmpy.obj








IQ22sin.obj








IQ22sinPU.obj








IQ22sqrt.obj








IQ22toF.obj








IQ23acos.obj








IQ23asin.obj








IQ23atan2.obj








IQ23atan2PU.obj








IQ23cos.obj








IQ23cosPU.obj








IQ23div.obj








IQ23exp.obj








IQ23frac.obj








IQ23int.obj








IQ23isqrt.obj








IQ23mag.obj








IQ23mpyI32frac.








IQ23mpyI32int.o








IQ23rmpy.obj








IQ23rsmpy.obj








IQ23sin.obj








IQ23sinPU.obj








IQ23sqrt.obj








IQ23toF.obj
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IQ24asin.obj








IQ24atan2.obj








IQ24atan2PU.obj








IQ24cos.obj








IQ24cosPU.obj








IQ24div.obj








IQ24exp.obj








IQ24frac.obj








IQ24int.obj








IQ24isqrt.obj








IQ24mag.obj








IQ24mpyI32frac.








IQ24mpyI32int.o








IQ24rmpy.obj








IQ24rsmpy.obj








IQ24sin.obj








IQ24sinPU.obj








IQ24sqrt.obj








IQ24toF.obj








IQ25acos.obj








IQ25asin.obj








IQ25atan2.obj








IQ25atan2PU.obj








IQ25cos.obj








IQ25cosPU.obj








IQ25div.obj








IQ25exp.obj








IQ25frac.obj








IQ25int.obj








IQ25isqrt.obj








IQ25mag.obj








IQ25mpyI32frac.








IQ25mpyI32int.o








IQ25rmpy.obj








IQ25rsmpy.obj








IQ25sin.obj








IQ25sinPU.obj








IQ25sqrt.obj








IQ25toF.obj








IQ26acos.obj








IQ26asin.obj








IQ26atan2.obj








IQ26atan2PU.obj








IQ26cos.obj








IQ26cosPU.obj








IQ26div.obj








IQ26exp.obj








IQ26frac.obj








IQ26int.obj








IQ26isqrt.obj








IQ26mag.obj








IQ26mpyI32frac.








IQ26mpyI32int.o








IQ26rmpy.obj








IQ26rsmpy.obj








IQ26sin.obj








IQ26sinPU.obj








IQ26sqrt.obj








IQ26toF.obj








IQ27acos.obj








IQ27asin.obj








IQ27atan2.obj








IQ27atan2PU.obj








IQ27cos.obj








IQ27cosPU.obj








IQ27div.obj








IQ27exp.obj








IQ27frac.obj








IQ27int.obj








IQ27isqrt.obj








IQ27mag.obj








IQ27mpyI32frac.
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IQ27rsmpy.obj








IQ27sin.obj








IQ27sinPU.obj








IQ27sqrt.obj








IQ27toF.obj








IQ28acos.obj








IQ28asin.obj








IQ28atan2.obj








IQ28atan2PU.obj








IQ28cos.obj








IQ28cosPU.obj








IQ28div.obj








IQ28exp.obj








IQ28frac.obj








IQ28int.obj








IQ28isqrt.obj








IQ28mag.obj








IQ28mpyI32frac.
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IQ28rmpy.obj








IQ28rsmpy.obj








IQ28sin.obj








IQ28sinPU.obj








IQ28sqrt.obj








IQ28toF.obj








IQ29acos.obj








IQ29asin.obj








IQ29atan2.obj








IQ29atan2PU.obj








IQ29cos.obj








IQ29cosPU.obj








IQ29div.obj








IQ29exp.obj








IQ29frac.obj








IQ29int.obj
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IQ29mag.obj
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IQ29rmpy.obj








IQ29rsmpy.obj








IQ29sin.obj








IQ29sinPU.obj








IQ29sqrt.obj








IQ29toF.obj








IQ2acos.obj








IQ2asin.obj








IQ2atan2.obj








IQ2atan2PU.obj








IQ2cos.obj








IQ2cosPU.obj








IQ2div.obj








IQ2exp.obj








IQ2frac.obj








IQ2int.obj








IQ2isqrt.obj








IQ2mag.obj








IQ2mpyI32frac.o
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IQ2rmpy.obj








IQ2rsmpy.obj








IQ2sin.obj








IQ2sinPU.obj








IQ2sqrt.obj








IQ2toF.obj








IQ30atan2.obj








IQ30atan2PU.obj








IQ30cos.obj








IQ30cosPU.obj








IQ30div.obj








IQ30exp.obj








IQ30frac.obj








IQ30int.obj








IQ30isqrt.obj








IQ30mag.obj
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IQ30sqrt.obj








IQ30toF.obj








IQ3acos.obj








IQ3asin.obj
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IQ3atan2PU.obj
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IQ3div.obj








IQ3exp.obj








IQ3frac.obj








IQ3int.obj








IQ3isqrt.obj








IQ3mag.obj








IQ3mpyI32frac.o








IQ3mpyI32int.ob








IQ3rmpy.obj








IQ3rsmpy.obj








IQ3sin.obj








IQ3sinPU.obj








IQ3sqrt.obj








IQ3toF.obj








IQ4acos.obj








IQ4asin.obj








IQ4atan2.obj








IQ4atan2PU.obj








IQ4cos.obj








IQ4cosPU.obj








IQ4div.obj








IQ4exp.obj








IQ4frac.obj








IQ4int.obj








IQ4isqrt.obj








IQ4mag.obj








IQ4mpyI32frac.o








IQ4mpyI32int.ob








IQ4rmpy.obj








IQ4rsmpy.obj








IQ4sin.obj








IQ4sinPU.obj








IQ4sqrt.obj








IQ4toF.obj








IQ5acos.obj








IQ5asin.obj








IQ5atan2.obj








IQ5atan2PU.obj








IQ5cos.obj








IQ5cosPU.obj








IQ5div.obj








IQ5exp.obj
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IQ5int.obj
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IQ5rmpy.obj








IQ5rsmpy.obj








IQ5sin.obj








IQ5sinPU.obj








IQ5sqrt.obj








IQ5toF.obj








IQ6acos.obj








IQ6asin.obj








IQ6atan2.obj








IQ6atan2PU.obj








IQ6cos.obj








IQ6cosPU.obj








IQ6div.obj








IQ6exp.obj








IQ6frac.obj








IQ6int.obj








IQ6isqrt.obj








IQ6mag.obj








IQ6mpyI32frac.o








IQ6mpyI32int.ob








IQ6rmpy.obj








IQ6rsmpy.obj








IQ6sin.obj








IQ6sinPU.obj








IQ6sqrt.obj








IQ6toF.obj








IQ7acos.obj








IQ7asin.obj








IQ7atan2.obj








IQ7atan2PU.obj








IQ7cos.obj








IQ7cosPU.obj








IQ7div.obj








IQ7exp.obj








IQ7frac.obj








IQ7int.obj








IQ7isqrt.obj








IQ7mag.obj
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IQ7rmpy.obj








IQ7rsmpy.obj








IQ7sin.obj








IQ7sinPU.obj








IQ7sqrt.obj








IQ7toF.obj








IQ8acos.obj








IQ8asin.obj








IQ8atan2.obj








IQ8atan2PU.obj








IQ8cos.obj








IQ8cosPU.obj








IQ8div.obj








IQ8exp.obj








IQ8frac.obj








IQ8int.obj
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IQ8mag.obj
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IQ8sin.obj
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IQ8toF.obj








IQ9acos.obj
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IQ9div.obj








IQ9exp.obj
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IQ9int.obj
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IQ9mag.obj
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IQ9sin.obj








IQ9sinPU.obj








IQ9sqrt.obj








IQ9toF.obj








IQmathTables.ob








IQNasinTable.ob








IQNexpTable.obj








IQNtoa.obj
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satf.obj
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<filenames>



IQ10mpyI32frac.obj/
IQ10mpyI32int.obj/
IQ11mpyI32frac.obj/
IQ11mpyI32int.obj/
IQ12mpyI32frac.obj/
IQ12mpyI32int.obj/
IQ13mpyI32frac.obj/
IQ13mpyI32int.obj/
IQ14mpyI32frac.obj/
IQ14mpyI32int.obj/
IQ15mpyI32frac.obj/
IQ15mpyI32int.obj/
IQ16mpyI32frac.obj/
IQ16mpyI32int.obj/
IQ17mpyI32frac.obj/
IQ17mpyI32int.obj/
IQ18mpyI32frac.obj/
IQ18mpyI32int.obj/
IQ19mpyI32frac.obj/
IQ19mpyI32int.obj/
IQ1mpyI32frac.obj/
IQ1mpyI32int.obj/
IQ20mpyI32frac.obj/
IQ20mpyI32int.obj/
IQ21mpyI32frac.obj/
IQ21mpyI32int.obj/
IQ22mpyI32frac.obj/
IQ22mpyI32int.obj/
IQ23mpyI32frac.obj/
IQ23mpyI32int.obj/
IQ24mpyI32frac.obj/
IQ24mpyI32int.obj/
IQ25mpyI32frac.obj/
IQ25mpyI32int.obj/
IQ26mpyI32frac.obj/
IQ26mpyI32int.obj/
IQ27mpyI32frac.obj/
IQ27mpyI32int.obj/
IQ28mpyI32frac.obj/
IQ28mpyI32int.obj/
IQ29mpyI32frac.obj/
IQ29mpyI32int.obj/
IQ2mpyI32frac.obj/
IQ2mpyI32int.obj/
IQ30mpyI32frac.obj/
IQ30mpyI32int.obj/
IQ3mpyI32frac.obj/
IQ3mpyI32int.obj/
IQ4mpyI32frac.obj/
IQ4mpyI32int.obj/
IQ5mpyI32frac.obj/
IQ5mpyI32int.obj/
IQ6mpyI32frac.obj/
IQ6mpyI32int.obj/
IQ7mpyI32frac.obj/
IQ7mpyI32int.obj/
IQ8mpyI32frac.obj/
IQ8mpyI32int.obj/
IQ9mpyI32frac.obj/
IQ9mpyI32int.obj/
IQmathTables.obj/
IQNasinTable.obj/
iqntoa_get_frac_c.obj/
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IQ10acos.obj








IQ10asin.obj








IQ10atan2.obj








IQ10atan2PU.obj








IQ10cos.obj








IQ10cosPU.obj








IQ10div.obj








IQ10exp.obj








IQ10frac.obj








IQ10int.obj








IQ10isqrt.obj








IQ10mag.obj








IQ10mpyI32frac.








IQ10mpyI32int.o








IQ10rmpy.obj








IQ10rsmpy.obj








IQ10sin.obj








IQ10sinPU.obj








IQ10sqrt.obj








IQ10toF.obj








IQ11acos.obj








IQ11asin.obj








IQ11atan2.obj








IQ11atan2PU.obj








IQ11cos.obj








IQ11cosPU.obj








IQ11div.obj








IQ11exp.obj








IQ11frac.obj








IQ11int.obj








IQ11isqrt.obj








IQ11mag.obj








IQ11mpyI32frac.








IQ11mpyI32int.o








IQ11rmpy.obj








IQ11rsmpy.obj








IQ11sin.obj








IQ11sinPU.obj








IQ11sqrt.obj








IQ11toF.obj








IQ12acos.obj








IQ12asin.obj








IQ12atan2.obj








IQ12atan2PU.obj








IQ12cos.obj








IQ12cosPU.obj








IQ12div.obj








IQ12exp.obj








IQ12frac.obj








IQ12int.obj








IQ12isqrt.obj








IQ12mag.obj








IQ12mpyI32frac.








IQ12mpyI32int.o








IQ12rmpy.obj








IQ12rsmpy.obj








IQ12sin.obj








IQ12sinPU.obj








IQ12sqrt.obj








IQ12toF.obj








IQ13acos.obj








IQ13asin.obj








IQ13atan2.obj








IQ13atan2PU.obj








IQ13cos.obj








IQ13cosPU.obj








IQ13div.obj








IQ13exp.obj








IQ13frac.obj








IQ13int.obj








IQ13isqrt.obj








IQ13mag.obj








IQ13mpyI32frac.








IQ13mpyI32int.o








IQ13rmpy.obj








IQ13rsmpy.obj








IQ13sin.obj








IQ13sinPU.obj








IQ13sqrt.obj








IQ13toF.obj








IQ14acos.obj








IQ14asin.obj








IQ14atan2.obj








IQ14atan2PU.obj








IQ14cos.obj








IQ14cosPU.obj








IQ14div.obj








IQ14exp.obj








IQ14frac.obj








IQ14int.obj








IQ14isqrt.obj








IQ14mag.obj








IQ14mpyI32frac.








IQ14mpyI32int.o








IQ14rmpy.obj








IQ14rsmpy.obj








IQ14sin.obj








IQ14sinPU.obj








IQ14sqrt.obj








IQ14toF.obj








IQ15acos.obj








IQ15asin.obj








IQ15atan2.obj








IQ15atan2PU.obj








IQ15cos.obj








IQ15cosPU.obj








IQ15div.obj








IQ15exp.obj








IQ15frac.obj








IQ15int.obj








IQ15isqrt.obj








IQ15mag.obj








IQ15mpyI32frac.








IQ15mpyI32int.o








IQ15rmpy.obj








IQ15rsmpy.obj








IQ15sin.obj








IQ15sinPU.obj








IQ15sqrt.obj








IQ15toF.obj








IQ16acos.obj








IQ16asin.obj








IQ16atan2.obj








IQ16atan2PU.obj








IQ16cos.obj








IQ16cosPU.obj








IQ16div.obj








IQ16exp.obj








IQ16frac.obj








IQ16int.obj








IQ16isqrt.obj








IQ16mag.obj








IQ16mpyI32frac.








IQ16mpyI32int.o








IQ16rmpy.obj








IQ16rsmpy.obj








IQ16sin.obj








IQ16sinPU.obj








IQ16sqrt.obj








IQ16toF.obj








IQ17acos.obj








IQ17asin.obj








IQ17atan2.obj








IQ17atan2PU.obj








IQ17cos.obj








IQ17cosPU.obj








IQ17div.obj








IQ17exp.obj








IQ17frac.obj








IQ17int.obj








IQ17isqrt.obj








IQ17mag.obj
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IQ17rmpy.obj








IQ17rsmpy.obj








IQ17sin.obj








IQ17sinPU.obj








IQ17sqrt.obj








IQ17toF.obj








IQ18acos.obj








IQ18asin.obj








IQ18atan2.obj








IQ18atan2PU.obj








IQ18cos.obj








IQ18cosPU.obj








IQ18div.obj








IQ18exp.obj








IQ18frac.obj








IQ18int.obj








IQ18isqrt.obj








IQ18mag.obj








IQ18mpyI32frac.








IQ18mpyI32int.o








IQ18rmpy.obj








IQ18rsmpy.obj








IQ18sin.obj








IQ18sinPU.obj








IQ18sqrt.obj








IQ18toF.obj








IQ19acos.obj








IQ19asin.obj








IQ19atan2.obj








IQ19atan2PU.obj








IQ19cos.obj








IQ19cosPU.obj








IQ19div.obj








IQ19exp.obj








IQ19frac.obj








IQ19int.obj








IQ19isqrt.obj








IQ19mag.obj








IQ19mpyI32frac.








IQ19mpyI32int.o








IQ19rmpy.obj








IQ19rsmpy.obj








IQ19sin.obj








IQ19sinPU.obj








IQ19sqrt.obj








IQ19toF.obj








IQ1acos.obj








IQ1asin.obj








IQ1atan2.obj








IQ1atan2PU.obj








IQ1cos.obj








IQ1cosPU.obj








IQ1div.obj








IQ1exp.obj








IQ1frac.obj








IQ1int.obj








IQ1isqrt.obj








IQ1mag.obj








IQ1mpyI32frac.o








IQ1mpyI32int.ob








IQ1rmpy.obj








IQ1rsmpy.obj








IQ1sin.obj








IQ1sinPU.obj








IQ1sqrt.obj








IQ1toF.obj








IQ20acos.obj
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IQ20atan2.obj








IQ20atan2PU.obj








IQ20cos.obj








IQ20cosPU.obj








IQ20div.obj








IQ20exp.obj








IQ20frac.obj








IQ20int.obj








IQ20isqrt.obj








IQ20mag.obj








IQ20mpyI32frac.








IQ20mpyI32int.o








IQ20rmpy.obj








IQ20rsmpy.obj








IQ20sin.obj








IQ20sinPU.obj








IQ20sqrt.obj








IQ20toF.obj








IQ21acos.obj








IQ21asin.obj








IQ21atan2.obj








IQ21atan2PU.obj








IQ21cos.obj
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IQ21div.obj
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IQ21frac.obj








IQ21int.obj
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IQ21mag.obj
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IQ21rsmpy.obj








IQ21sin.obj








IQ21sinPU.obj








IQ21sqrt.obj








IQ21toF.obj








IQ22acos.obj








IQ22asin.obj








IQ22atan2.obj








IQ22atan2PU.obj








IQ22cos.obj








IQ22cosPU.obj








IQ22div.obj








IQ22exp.obj








IQ22frac.obj








IQ22int.obj








IQ22isqrt.obj








IQ22mag.obj








IQ22mpyI32frac.








IQ22mpyI32int.o








IQ22rmpy.obj








IQ22rsmpy.obj








IQ22sin.obj








IQ22sinPU.obj








IQ22sqrt.obj








IQ22toF.obj








IQ23acos.obj








IQ23asin.obj








IQ23atan2.obj








IQ23atan2PU.obj








IQ23cos.obj








IQ23cosPU.obj








IQ23div.obj








IQ23exp.obj








IQ23frac.obj








IQ23int.obj








IQ23isqrt.obj








IQ23mag.obj








IQ23mpyI32frac.








IQ23mpyI32int.o








IQ23rmpy.obj








IQ23rsmpy.obj








IQ23sin.obj








IQ23sinPU.obj








IQ23sqrt.obj








IQ23toF.obj








IQ24acos.obj








IQ24asin.obj








IQ24atan2.obj








IQ24atan2PU.obj








IQ24cos.obj








IQ24cosPU.obj








IQ24div.obj








IQ24exp.obj








IQ24frac.obj








IQ24int.obj








IQ24isqrt.obj








IQ24mag.obj








IQ24mpyI32frac.








IQ24mpyI32int.o








IQ24rmpy.obj








IQ24rsmpy.obj








IQ24sin.obj








IQ24sinPU.obj








IQ24sqrt.obj








IQ24toF.obj








IQ25acos.obj








IQ25asin.obj








IQ25atan2.obj








IQ25atan2PU.obj








IQ25cos.obj








IQ25cosPU.obj








IQ25div.obj








IQ25exp.obj








IQ25frac.obj








IQ25int.obj








IQ25isqrt.obj








IQ25mag.obj








IQ25mpyI32frac.








IQ25mpyI32int.o








IQ25rmpy.obj








IQ25rsmpy.obj








IQ25sin.obj








IQ25sinPU.obj








IQ25sqrt.obj








IQ25toF.obj








IQ26acos.obj








IQ26asin.obj








IQ26atan2.obj








IQ26atan2PU.obj








IQ26cos.obj








IQ26cosPU.obj








IQ26div.obj








IQ26exp.obj








IQ26frac.obj








IQ26int.obj








IQ26isqrt.obj








IQ26mag.obj
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IQ26rsmpy.obj








IQ26sin.obj








IQ26sinPU.obj








IQ26sqrt.obj








IQ26toF.obj
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IQ27atan2.obj








IQ27atan2PU.obj
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IQ27div.obj








IQ27exp.obj








IQ27frac.obj








IQ27int.obj








IQ27isqrt.obj








IQ27mag.obj
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IQ27rmpy.obj








IQ27rsmpy.obj








IQ27sin.obj








IQ27sinPU.obj








IQ27sqrt.obj








IQ27toF.obj
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IQ28asin.obj








IQ28atan2.obj








IQ28atan2PU.obj
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IQ28div.obj








IQ28exp.obj








IQ28frac.obj








IQ28int.obj








IQ28isqrt.obj








IQ28mag.obj








IQ28mpyI32frac.








IQ28mpyI32int.o








IQ28rmpy.obj








IQ28rsmpy.obj








IQ28sin.obj








IQ28sinPU.obj








IQ28sqrt.obj








IQ28toF.obj








IQ29acos.obj








IQ29asin.obj








IQ29atan2.obj








IQ29atan2PU.obj








IQ29cos.obj








IQ29cosPU.obj








IQ29div.obj








IQ29exp.obj








IQ29frac.obj








IQ29int.obj








IQ29isqrt.obj








IQ29mag.obj








IQ29mpyI32frac.








IQ29mpyI32int.o








IQ29rmpy.obj








IQ29rsmpy.obj








IQ29sin.obj








IQ29sinPU.obj








IQ29sqrt.obj








IQ29toF.obj








IQ2acos.obj








IQ2asin.obj








IQ2atan2.obj








IQ2atan2PU.obj








IQ2cos.obj








IQ2cosPU.obj








IQ2div.obj








IQ2exp.obj








IQ2frac.obj








IQ2int.obj








IQ2isqrt.obj








IQ2mag.obj








IQ2mpyI32frac.o








IQ2mpyI32int.ob








IQ2rmpy.obj








IQ2rsmpy.obj








IQ2sin.obj








IQ2sinPU.obj








IQ2sqrt.obj








IQ2toF.obj








IQ30atan2.obj








IQ30atan2PU.obj








IQ30cos.obj








IQ30cosPU.obj








IQ30div.obj








IQ30exp.obj








IQ30frac.obj








IQ30int.obj








IQ30isqrt.obj








IQ30mag.obj








IQ30mpyI32frac.








IQ30mpyI32int.o








IQ30rmpy.obj








IQ30rsmpy.obj








IQ30sin.obj








IQ30sinPU.obj








IQ30sqrt.obj








IQ30toF.obj








IQ3acos.obj








IQ3asin.obj








IQ3atan2.obj








IQ3atan2PU.obj








IQ3cos.obj








IQ3cosPU.obj








IQ3div.obj








IQ3exp.obj








IQ3frac.obj








IQ3int.obj








IQ3isqrt.obj








IQ3mag.obj








IQ3mpyI32frac.o








IQ3mpyI32int.ob








IQ3rmpy.obj








IQ3rsmpy.obj








IQ3sin.obj








IQ3sinPU.obj








IQ3sqrt.obj








IQ3toF.obj








IQ4acos.obj








IQ4asin.obj








IQ4atan2.obj








IQ4atan2PU.obj








IQ4cos.obj








IQ4cosPU.obj








IQ4div.obj








IQ4exp.obj








IQ4frac.obj








IQ4int.obj








IQ4isqrt.obj








IQ4mag.obj








IQ4mpyI32frac.o








IQ4mpyI32int.ob








IQ4rmpy.obj








IQ4rsmpy.obj








IQ4sin.obj








IQ4sinPU.obj








IQ4sqrt.obj








IQ4toF.obj








IQ5acos.obj








IQ5asin.obj








IQ5atan2.obj








IQ5atan2PU.obj








IQ5cos.obj








IQ5cosPU.obj








IQ5div.obj








IQ5exp.obj








IQ5frac.obj








IQ5int.obj








IQ5isqrt.obj








IQ5mag.obj








IQ5mpyI32frac.o








IQ5mpyI32int.ob








IQ5rmpy.obj








IQ5rsmpy.obj








IQ5sin.obj








IQ5sinPU.obj








IQ5sqrt.obj








IQ5toF.obj








IQ6acos.obj








IQ6asin.obj








IQ6atan2.obj








IQ6atan2PU.obj








IQ6cos.obj








IQ6cosPU.obj








IQ6div.obj








IQ6exp.obj








IQ6frac.obj








IQ6int.obj








IQ6isqrt.obj








IQ6mag.obj








IQ6mpyI32frac.o








IQ6mpyI32int.ob








IQ6rmpy.obj








IQ6rsmpy.obj








IQ6sin.obj








IQ6sinPU.obj








IQ6sqrt.obj








IQ6toF.obj








IQ7acos.obj








IQ7asin.obj








IQ7atan2.obj








IQ7atan2PU.obj








IQ7cos.obj
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IQ7div.obj








IQ7exp.obj








IQ7frac.obj








IQ7int.obj








IQ7isqrt.obj








IQ7mag.obj
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IQ7sin.obj








IQ7sinPU.obj








IQ7sqrt.obj








IQ7toF.obj








IQ8acos.obj








IQ8asin.obj








IQ8atan2.obj








IQ8atan2PU.obj








IQ8cos.obj








IQ8cosPU.obj
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IQ8exp.obj
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IQ8mag.obj
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IQ8rsmpy.obj








IQ8sin.obj
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IQ9acos.obj
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IQ9exp.obj
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IQmathTables.ob








IQNasinTable.ob








IQNexpTable.obj
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iqntoa_get_frac








satf.obj









Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored.out





Appendix A/HVPM_Sensored/F2803x_FLASH/ccsObjs.opt

"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" "./DLOG4CHC.obj" "./DSP2803x_CodeStartBranch.obj" "./DSP2803x_GlobalVariableDefs.obj" "./DSP2803x_usDelay.obj" "./HVPM_Sensored-DevInit_F2803x.obj" "./HVPM_Sensored.obj" "../F28035_FLASH_HVPM_Sensored.CMD" "C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" -l"rts2800_ml.lib" 






Appendix A/BLDC_Testing/F2803x_FLASH/ccsObjs.opt

"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd" "./DLOG4CHC.obj" "./DSP2803x_CodeStartBranch.obj" "./DSP2803x_CpuTimers.obj" "./DSP2803x_GlobalVariableDefs.obj" "./DSP2803x_usDelay.obj" "./HVBLDC_Sensorless-DevInit_F2803x.obj" "./HVBLDC_Sensorless.obj" "../F28035_FLASH_HVBLDC_Sensorless.CMD" "C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib" -l"rts2800_ml.lib" 






Appendix A/BLDC_Testing/.NewTargetConfiguration.ccxml.cache2
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Appendix A/HVPM_Sensored/28035xds100.ccxml
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Appendix A/BLDC_Testing/Graph1.graphProp





Appendix A/HVPM_Sensored/Graph1.graphProp





Appendix A/BLDC_Testing/Graph2.graphProp





Appendix A/HVPM_Sensored/Graph2.graphProp





Appendix A/BLDC_Testing/macros.ini_initial


CONTROLSUITE_HVMOTOR_ROOT = ../../../







Appendix A/HVPM_Sensored/macros.ini_initial


CONTROLSUITE_HVMOTOR_ROOT = ../../../







Appendix A/BLDC_Testing/.launches/BLDC_Testing.launch

 
 
 
 
 
 
 
 
 

 
 

 
 
 







Appendix A/BLDC_Testing/.launches/HVBLDC_Sensorless.launch

 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 







Appendix A/HVPM_Sensored/.launches/HVPM_Sensored.launch

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Appendix B/Lodd.m

load('lodd_300Hz.MAT'); % Load response from the moment of inertia experiment

H = Channel_2_Data(2100:2500);

H = abs(H);
t2=[0:length(H)-1]'/300; % The signal is sampled in 300Hz. signal is 
                         % divided by 300 to get the axes in seconds.

figure()

H = 2*pi*H/60;
plot(t2,H)
grid on

dy=diff(H)./diff(t2); %d is the slope of the signal 
[C,I]=max(dy); %find maximum of the slope C and the index I where the slope is 

tang=(t2-t2(I))*dy(I)+H(I);

idx4=find(tang>=max(H));
hold on
plot(t2,tang)

m = 0.28;
alpha = C;
r = 0.047/2;
a = alpha*r;
S = m*(9.81 - a);
M = S*r;

save('Inertia.mat','alpha','M')







Appendix B/MakePlots.m

function [ output_args ] = MakePlots(H, G,u, thetitle,ylimits)
%This function makes plots of the estimated response, and the actual
%response. PI-parameters are calculated using ziegler open-loop method.

G = -G; % The speed is originally negative, as the experiments was 
        % conducted in a CCW direction.
t2=[0:length(G)-1]'/300; % The signal is sampled in 300Hz. signal is 
                         % divided by 300 to get the axes in seconds.

G = (G)*(2*pi/60); % Convert RPM to rad/s
grid on
load('motorConstants.MAT') % Load motor constants

plot1 = plot(t2,G);

hold on
grid on
title(thetitle);


ax = gca;
xticks = 0:5:length(G)-1;
set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})


dy=diff(G)./diff(t2); %d is the slope of the signal 
[C,I]=max(dy); %find maximum of the slope C and the index I where the slope is 

tang=(t2-t2(I))*dy(I)+G(I);

hold on
ylim([tang(1) max(G)+5])

idx3=find(tang>=min(G));
%scatter(t2(idx3(1)),tang(idx3(1)),'k')

idx4=find(tang>=max(G));
%text(t2(idx4(1))+1,max(G2)+2,num2str(t2(idx4(1))),'HorizontalAlignment','center')
%text(1.6,tang(idx3(1)),num2str(t2(idx3(1))),'HorizontalAlignment','center')
%text(1,min(tang)+2,num2str(min(tang)),'HorizontalAlignment','center')

[y,t] = step(H,15);
hold on

plot2 = plot(t,y,'r');

xlabel('Time [s]') % x-axis label
ylabel('Speed [rad/s]') % y-axis label
legend('Actual Response','Estimated response');

hold on
plot(t2,tang,'-.k')
hold on
line(get(ax,'Xlim'), [max(G) max(G)],'LineStyle',':','Color','Black') 
plot([t2(idx4(1)),t2(idx4(1))],[min(tang),max(G)],'-.k')
hold on
line(get(ax,'Xlim'), [min(G) min(G)],'LineStyle',':','Color','Black') 

sprintf('PI paramaters for %s:',thetitle)

%text(t2(idx3(1)),min(tang),num2str(t2(idx3(1))),'HorizontalAlignment','center')
init = min(G)
final = max(G)
tau_d = t2(idx3(1))
tau_s = t2(idx4(1))-t2(idx3(1))
delta_u = u*80
delta_y = max(G)-min(G)
%y63 = delta_y*0.632+min(G);
%t63 = find(G>=y63);

%t_1 = tau_d;
%t_2=t2(t63(1))-t_1;

%G_est = tf([(max(G)-min(G))/delta_u],[t_1*t_2 t_1+t_2 1])


%Kp = 0.9 / ((((1/Ke)*u/tau_m)*t2(idx3(1)))/u)
%Ki = Kp/(3.3*t2(idx3(1)))

% PI Parameters
Kp = (0.9*tau_s*delta_u)/(tau_d*delta_y)
Ki = Kp/(3.3*tau_d)

save(thetitle,'Kp','Ki') % Save PI-parameters
end








Appendix B/PlotIT.m

% Create plots from Simulink
ScopeData = N1;
figure
subplot(3,1,1);
plot(ScopeData.time, ScopeData.signals(1).values)
legend('Current','Bemf')
title('Phase A')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(3,1,2);
plot(ScopeData.time, ScopeData.signals(2).values)
title('Phase B')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(3,1,3);
plot(ScopeData.time, ScopeData.signals(3).values)
title('Phase C')
grid on
axis([0.35 0.42 -2.2 2.2])

%%

ScopeData = sps1phPWM2_str1;

figure
subplot(6,1,1);
plot(ScopeData.time, ScopeData.signals(1).values)
title('Q1')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,2);
plot(ScopeData.time, ScopeData.signals(2).values)
title('Q2')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,3);
plot(ScopeData.time, ScopeData.signals(3).values)
title('Q3')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,4);
plot(ScopeData.time, ScopeData.signals(4).values)
title('Q4')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,5);
plot(ScopeData.time, ScopeData.signals(5).values)
title('Q5')
grid on
axis([0.35 0.42 -2.2 2.2])
subplot(6,1,6);
plot(ScopeData.time, ScopeData.signals(6).values)
title('Q6')
grid on
axis([0.35 0.42 -2.2 2.2])






Appendix B/ziegler.m

function [ output_args ] = ziegler(G,u, thetitle)
% Create a Ziegler-open loop method sketch


G = abs(G);
t2=[0:length(G)-1]'/300;

G = (G)*(2*pi/60); %vref
grid on
load('motorConstants.MAT')



plot1 = plot(t2,G);

hold on
grid on
title(thetitle);


ax = gca;
xticks = 0:5:length(G)-1;
set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})


dy=diff(G)./diff(t2); %d is the slope of the signal 
[C,I]=max(dy); %find maximum of the slope C and the index I where the slope is 

tang=(t2-t2(I))*dy(I)+G(I);

hold on


ylim([tang(1) max(G)+5])

 

idx3=find(tang>=min(G));

idx4=find(tang>=max(G));

%text(t2(idx4(1))+1,max(G2)+2,num2str(t2(idx4(1))),'HorizontalAlignment','center')
%text(1.6,tang(idx3(1)),num2str(t2(idx3(1))),'HorizontalAlignment','center')
%text(1,min(tang)+2,num2str(min(tang)),'HorizontalAlignment','center')


hold on
plot(t2,tang,'-.k')
hold on
line(get(ax,'Xlim'), [max(G) max(G)],'LineStyle',':','Color','Black') 
plot([t2(idx4(1)),t2(idx4(1))],[min(tang),max(G)],'-.k')
hold on
line(get(ax,'Xlim'), [min(G) min(G)],'LineStyle',':','Color','Black') 
%T = 0.0001/40;
sprintf('PI paramaters for %s:',thetitle)

%text(t2(idx3(1)),min(tang),num2str(t2(idx3(1))),'HorizontalAlignment','center')

tau_d = t2(idx3(1));
tau_s = t2(idx4(1))-t2(idx3(1));
delta_u = u*80;
delta_y = max(G)-min(G);
%tt = find(G>=max(G)*0.632);
%t2(tt(1))
%Kp = 0.9 / ((((1/Ke)*u/tau_m)*t2(idx3(1)))/u)
%Ki = Kp/(3.3*t2(idx3(1)))


Kp = (0.9*tau_s*delta_u)/(tau_d*delta_y)
Ki = Kp/(3.3*tau_d)



save(thetitle,'Kp','Ki')
end








Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless.map

******************************************************************************
             TMS320C2000 Linker PC v6.4.2                      
******************************************************************************
>> Linked Sat Jun 13 14:51:53 2015

OUTPUT FILE NAME:   <HVBLDC_Sensorless.out>
ENTRY POINT SYMBOL: "_c_int00"  address: 003f7963


MEMORY CONFIGURATION

         name            origin    length      used     unused   attr    fill
----------------------  --------  ---------  --------  --------  ----  --------
PAGE 0:
  progRAM               00008000   00001000  00000068  00000f98  RWIX
  OTP                   003d7800   00000400  00000000  00000400  RWIX
  FLASHH                003e8000   00002000  00000000  00002000  RWIX
  FLASHG                003ea000   00002000  00000000  00002000  RWIX
  FLASHF                003ec000   00002000  00000000  00002000  RWIX
  FLASHE                003ee000   00002000  00000000  00002000  RWIX
  FLASHD                003f0000   00002000  00000068  00001f98  RWIX
  FLASHC                003f2000   00002000  00000000  00002000  RWIX
  FLASHA                003f6000   00001f80  00001dd9  000001a7  RWIX
  CSM_RSVD              003f7f80   00000076  00000000  00000076  RWIX
  BEGIN                 003f7ff6   00000002  00000002  00000000  RWIX
  CSM_PWL               003f7ff8   00000008  00000000  00000008  RWIX
  IQTABLES              003fe000   00000b50  00000b50  00000000  RWIX
  IQTABLES2             003feb50   0000008c  00000000  0000008c  RWIX
  IQTABLES3             003febdc   000000aa  00000000  000000aa  RWIX
  BOOTROM               003ff27c   00000d44  00000000  00000d44  RWIX
  RESET                 003fffc0   00000002  00000000  00000002  RWIX
  VECTORS               003fffc2   0000003e  00000000  0000003e  RWIX

PAGE 1:
  BOOT_RSVD             00000000   00000050  00000000  00000050  RWIX
  RAMM0                 00000050   000003b0  00000380  00000030  RWIX
  RAMM1                 00000400   00000400  00000000  00000400  RWIX
  DEV_EMU               00000880   00000105  00000004  00000101  RWIX
  SYS_PWR_CTL           00000985   00000003  00000000  00000003  RWIX
  FLASH_REGS            00000a80   00000060  00000008  00000058  RWIX
  CSM                   00000ae0   00000010  00000010  00000000  RWIX
  ADC_RESULT            00000b00   00000020  00000020  00000000  RWIX
  CPU_TIMER0            00000c00   00000008  00000008  00000000  RWIX
  CPU_TIMER1            00000c08   00000008  00000008  00000000  RWIX
  CPU_TIMER2            00000c10   00000008  00000008  00000000  RWIX
  PIE_CTRL              00000ce0   00000020  0000001a  00000006  RWIX
  PIE_VECT              00000d00   00000100  00000100  00000000  RWIX
  CLA1                  00001400   00000080  00000040  00000040  RWIX
  CLA_CPU_MSGRAM        00001480   00000080  00000000  00000080  RWIX
  CPU_CLA_MSGRAM        00001500   00000080  00000000  00000080  RWIX
  ECANA                 00006000   00000040  00000034  0000000c  RWIX
  ECANA_LAM             00006040   00000040  00000040  00000000  RWIX
  ECANA_MOTS            00006080   00000040  00000040  00000000  RWIX
  ECANA_MOTO            000060c0   00000040  00000040  00000000  RWIX
  ECANA_MBOX            00006100   00000100  00000100  00000000  RWIX
  COMP1                 00006400   00000020  00000014  0000000c  RWIX
  COMP2                 00006420   00000020  00000014  0000000c  RWIX
  COMP3                 00006440   00000020  00000014  0000000c  RWIX
  EPWM1                 00006800   00000040  00000040  00000000  RWIX
  EPWM2                 00006840   00000040  00000040  00000000  RWIX
  EPWM3                 00006880   00000040  00000040  00000000  RWIX
  EPWM4                 000068c0   00000040  00000040  00000000  RWIX
  EPWM5                 00006900   00000040  00000040  00000000  RWIX
  EPWM6                 00006940   00000040  00000040  00000000  RWIX
  EPWM7                 00006980   00000040  00000040  00000000  RWIX
  ECAP1                 00006a00   00000020  00000020  00000000  RWIX
  EQEP1                 00006b00   00000040  00000040  00000000  RWIX
  LINA                  00006c00   00000080  0000004a  00000036  RWIX
  GPIOCTRL              00006f80   00000040  00000040  00000000  RWIX
  GPIODAT               00006fc0   00000020  00000020  00000000  RWIX
  GPIOINT               00006fe0   00000020  0000000c  00000014  RWIX
  SYSTEM                00007010   00000020  00000020  00000000  RWIX
  SPIA                  00007040   00000010  00000010  00000000  RWIX
  SCIA                  00007050   00000010  00000010  00000000  RWIX
  NMIINTRUPT            00007060   00000010  00000010  00000000  RWIX
  XINTRUPT              00007070   00000010  00000010  00000000  RWIX
  ADC                   00007100   00000080  00000050  00000030  RWIX
  SPIB                  00007740   00000010  00000010  00000000  RWIX
  I2CA                  00007900   00000040  00000022  0000001e  RWIX
  dataRAM               00009000   00001000  00000858  000007a8  RWIX
  PARTID                003d7e80   00000001  00000001  00000000  RWIX
  FLASHB                003f4000   00002000  00000000  00002000  RWIX
  CSM_PWL               003f7ff8   00000008  00000008  00000000  RWIX


SECTION ALLOCATION MAP

 output                                  attributes/
section   page    origin      length       input sections
--------  ----  ----------  ----------   ----------------
DevEmuRegsFile 
*          1    00000880    00000004     UNINITIALIZED
                  00000880    00000004     DSP2803x_GlobalVariableDefs.obj (DevEmuRegsFile)

FlashRegsFile 
*          1    00000a80    00000008     UNINITIALIZED
                  00000a80    00000008     DSP2803x_GlobalVariableDefs.obj (FlashRegsFile)

CsmRegsFile 
*          1    00000ae0    00000010     UNINITIALIZED
                  00000ae0    00000010     DSP2803x_GlobalVariableDefs.obj (CsmRegsFile)

AdcResultFile 
*          1    00000b00    00000020     UNINITIALIZED
                  00000b00    00000020     DSP2803x_GlobalVariableDefs.obj (AdcResultFile)

CpuTimer0RegsFile 
*          1    00000c00    00000008     UNINITIALIZED
                  00000c00    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer0RegsFile)

CpuTimer1RegsFile 
*          1    00000c08    00000008     UNINITIALIZED
                  00000c08    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer1RegsFile)

CpuTimer2RegsFile 
*          1    00000c10    00000008     UNINITIALIZED
                  00000c10    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer2RegsFile)

PieCtrlRegsFile 
*          1    00000ce0    0000001a     UNINITIALIZED
                  00000ce0    0000001a     DSP2803x_GlobalVariableDefs.obj (PieCtrlRegsFile)

PieVectTableFile 
*          1    00000d00    00000100     UNINITIALIZED
                  00000d00    00000100     DSP2803x_GlobalVariableDefs.obj (PieVectTableFile)

EmuKeyVar 
*          1    00000d00    00000001     UNINITIALIZED
                  00000d00    00000001     DSP2803x_GlobalVariableDefs.obj (EmuKeyVar)

EmuBModeVar 
*          1    00000d01    00000001     UNINITIALIZED
                  00000d01    00000001     DSP2803x_GlobalVariableDefs.obj (EmuBModeVar)

FlashCallbackVar 
*          1    00000d02    00000002     UNINITIALIZED
                  00000d02    00000002     DSP2803x_GlobalVariableDefs.obj (FlashCallbackVar)

FlashScalingVar 
*          1    00000d04    00000002     UNINITIALIZED
                  00000d04    00000002     DSP2803x_GlobalVariableDefs.obj (FlashScalingVar)

ramfuncs   0    003f0000    00000068     RUN ADDR = 00008000
                  003f0000    00000049     HVBLDC_Sensorless.obj (ramfuncs:retain)
                  003f0049    0000001b     HVBLDC_Sensorless-DevInit_F2803x.obj (ramfuncs)
                  003f0064    00000004     DSP2803x_usDelay.obj (ramfuncs)

.text      0    003f6000    00001aec     
                  003f6000    0000150f     HVBLDC_Sensorless.obj (.text)
                  003f750f    000001bf     HVBLDC_Sensorless-DevInit_F2803x.obj (.text)
                  003f76ce    00000083     rts2800_ml.lib : fd_mpy.obj (.text)
                  003f7751    00000083                    : fs_div.obj (.text)
                  003f77d4    00000078                    : fs_add.obj (.text)
                  003f784c    00000072     DSP2803x_CpuTimers.obj (.text)
                  003f78be    0000005a     rts2800_ml.lib : fs_mpy.obj (.text)
                  003f7918    0000004b     DLOG4CHC.obj (.text)
                  003f7963    00000044     rts2800_ml.lib : boot.obj (.text)
                  003f79a7    0000002a                    : l_div.obj (.text)
                  003f79d1    00000029                    : fs_tol.obj (.text)
                  003f79fa    0000001f                    : fd_tol.obj (.text)
                  003f7a19    0000001c                    : fs_tofd.obj (.text)
                  003f7a35    0000001c                    : l_tofd.obj (.text)
                  003f7a51    0000001a                    : l_tofs.obj (.text)
                  003f7a6b    00000019                    : args_main.obj (.text)
                  003f7a84    00000019                    : exit.obj (.text)
                  003f7a9d    00000016                    : ul_tofd.obj (.text)
                  003f7ab3    00000013                    : ul_tofs.obj (.text)
                  003f7ac6    00000010                    : u_tofs.obj (.text)
                  003f7ad6    00000009                    : _lock.obj (.text)
                  003f7adf    00000008     DSP2803x_CodeStartBranch.obj (.text)
                  003f7ae7    00000005     HVBLDC_Sensorless-DevInit_F2803x.obj (.text:retain)

.cinit     0    003f7aec    0000029a     
                  003f7aec    00000284     HVBLDC_Sensorless.obj (.cinit)
                  003f7d70    0000000a     rts2800_ml.lib : exit.obj (.cinit)
                  003f7d7a    00000005                    : _lock.obj (.cinit:__lock)
                  003f7d7f    00000005                    : _lock.obj (.cinit:__unlock)
                  003f7d84    00000002     --HOLE-- [fill = 0]

IQmath     0    003f7d86    00000047     
                  003f7d86    00000047     IQmath.lib : IQ24div.obj (IQmath)

.econst    0    003f7dce    0000000c     
                  003f7dce    0000000c     HVBLDC_Sensorless.obj (.econst)

codestart 
*          0    003f7ff6    00000002     
                  003f7ff6    00000002     DSP2803x_CodeStartBranch.obj (codestart)

IQmathTables 
*          0    003fe000    00000b50     NOLOAD SECTION
                  003fe000    00000b50     IQmath.lib : IQmathTables.obj (IQmathTables)

.stack     1    00000050    00000380     UNINITIALIZED
                  00000050    00000380     --HOLE--

Cla1RegsFile 
*          1    00001400    00000040     UNINITIALIZED
                  00001400    00000040     DSP2803x_GlobalVariableDefs.obj (Cla1RegsFile)

ECanaRegsFile 
*          1    00006000    00000034     UNINITIALIZED
                  00006000    00000034     DSP2803x_GlobalVariableDefs.obj (ECanaRegsFile)

ECanaLAMRegsFile 
*          1    00006040    00000040     UNINITIALIZED
                  00006040    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaLAMRegsFile)

ECanaMOTSRegsFile 
*          1    00006080    00000040     UNINITIALIZED
                  00006080    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTSRegsFile)

ECanaMOTORegsFile 
*          1    000060c0    00000040     UNINITIALIZED
                  000060c0    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTORegsFile)

ECanaMboxesFile 
*          1    00006100    00000100     UNINITIALIZED
                  00006100    00000100     DSP2803x_GlobalVariableDefs.obj (ECanaMboxesFile)

Comp1RegsFile 
*          1    00006400    00000014     UNINITIALIZED
                  00006400    00000014     DSP2803x_GlobalVariableDefs.obj (Comp1RegsFile)

Comp2RegsFile 
*          1    00006420    00000014     UNINITIALIZED
                  00006420    00000014     DSP2803x_GlobalVariableDefs.obj (Comp2RegsFile)

Comp3RegsFile 
*          1    00006440    00000014     UNINITIALIZED
                  00006440    00000014     DSP2803x_GlobalVariableDefs.obj (Comp3RegsFile)

EPwm1RegsFile 
*          1    00006800    00000040     UNINITIALIZED
                  00006800    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm1RegsFile)

EPwm2RegsFile 
*          1    00006840    00000040     UNINITIALIZED
                  00006840    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm2RegsFile)

EPwm3RegsFile 
*          1    00006880    00000040     UNINITIALIZED
                  00006880    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm3RegsFile)

EPwm4RegsFile 
*          1    000068c0    00000040     UNINITIALIZED
                  000068c0    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm4RegsFile)

EPwm5RegsFile 
*          1    00006900    00000040     UNINITIALIZED
                  00006900    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm5RegsFile)

EPwm6RegsFile 
*          1    00006940    00000040     UNINITIALIZED
                  00006940    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm6RegsFile)

EPwm7RegsFile 
*          1    00006980    00000040     UNINITIALIZED
                  00006980    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm7RegsFile)

ECap1RegsFile 
*          1    00006a00    00000020     UNINITIALIZED
                  00006a00    00000020     DSP2803x_GlobalVariableDefs.obj (ECap1RegsFile)

EQep1RegsFile 
*          1    00006b00    00000040     UNINITIALIZED
                  00006b00    00000040     DSP2803x_GlobalVariableDefs.obj (EQep1RegsFile)

LinaRegsFile 
*          1    00006c00    0000004a     UNINITIALIZED
                  00006c00    0000004a     DSP2803x_GlobalVariableDefs.obj (LinaRegsFile)

GpioCtrlRegsFile 
*          1    00006f80    00000040     UNINITIALIZED
                  00006f80    00000040     DSP2803x_GlobalVariableDefs.obj (GpioCtrlRegsFile)

GpioDataRegsFile 
*          1    00006fc0    00000020     UNINITIALIZED
                  00006fc0    00000020     DSP2803x_GlobalVariableDefs.obj (GpioDataRegsFile)

GpioIntRegsFile 
*          1    00006fe0    0000000c     UNINITIALIZED
                  00006fe0    0000000c     DSP2803x_GlobalVariableDefs.obj (GpioIntRegsFile)

SysCtrlRegsFile 
*          1    00007010    00000020     UNINITIALIZED
                  00007010    00000020     DSP2803x_GlobalVariableDefs.obj (SysCtrlRegsFile)

SpiaRegsFile 
*          1    00007040    00000010     UNINITIALIZED
                  00007040    00000010     DSP2803x_GlobalVariableDefs.obj (SpiaRegsFile)

SciaRegsFile 
*          1    00007050    00000010     UNINITIALIZED
                  00007050    00000010     DSP2803x_GlobalVariableDefs.obj (SciaRegsFile)

NmiIntruptRegsFile 
*          1    00007060    00000010     UNINITIALIZED
                  00007060    00000010     DSP2803x_GlobalVariableDefs.obj (NmiIntruptRegsFile)

XIntruptRegsFile 
*          1    00007070    00000010     UNINITIALIZED
                  00007070    00000010     DSP2803x_GlobalVariableDefs.obj (XIntruptRegsFile)

AdcRegsFile 
*          1    00007100    00000050     UNINITIALIZED
                  00007100    00000050     DSP2803x_GlobalVariableDefs.obj (AdcRegsFile)

SpibRegsFile 
*          1    00007740    00000010     UNINITIALIZED
                  00007740    00000010     DSP2803x_GlobalVariableDefs.obj (SpibRegsFile)

I2caRegsFile 
*          1    00007900    00000022     UNINITIALIZED
                  00007900    00000022     DSP2803x_GlobalVariableDefs.obj (I2caRegsFile)

.ebss      1    00009640    00000218     UNINITIALIZED
                  00009640    000001f2     HVBLDC_Sensorless.obj (.ebss)
                  00009832    00000004     rts2800_ml.lib : exit.obj (.ebss)
                  00009836    00000002                    : _lock.obj (.ebss:__lock)
                  00009838    00000002                    : _lock.obj (.ebss:__unlock)
                  0000983a    00000006     --HOLE--
                  00009840    00000018     DSP2803x_CpuTimers.obj (.ebss)

PartIdRegsFile 
*          1    003d7e80    00000001     UNINITIALIZED
                  003d7e80    00000001     DSP2803x_GlobalVariableDefs.obj (PartIdRegsFile)

CsmPwlFile 
*          1    003f7ff8    00000008     UNINITIALIZED
                  003f7ff8    00000008     DSP2803x_GlobalVariableDefs.obj (CsmPwlFile)

.pinit     0    003f6000    00000000     UNINITIALIZED

.reset     0    003fffc0    00000002     DSECT
                  003fffc0    00000002     rts2800_ml.lib : boot.obj (.reset)

vectors    0    003fffc2    00000000     DSECT

DLOG       1    00009000    00000640     UNINITIALIZED
                  00009000    00000640     DLOG4CHC.obj (DLOG)


GLOBAL DATA SYMBOLS: SORTED BY DATA PAGE

address     data page           name
--------    ----------------    ----
00000050       1 (00000040)     __stack

00000880      22 (00000880)     _DevEmuRegs

00000a80      2a (00000a80)     _FlashRegs

00000ae0      2b (00000ac0)     _CsmRegs

00000b00      2c (00000b00)     _AdcResult

00000c00      30 (00000c00)     _CpuTimer0Regs
00000c08      30 (00000c00)     _CpuTimer1Regs
00000c10      30 (00000c00)     _CpuTimer2Regs

00000ce0      33 (00000cc0)     _PieCtrlRegs

00000d00      34 (00000d00)     _EmuKey
00000d00      34 (00000d00)     _PieVectTable
00000d01      34 (00000d00)     _EmuBMode
00000d02      34 (00000d00)     _Flash_CallbackPtr
00000d04      34 (00000d00)     _Flash_CPUScaleFactor

00001400      50 (00001400)     _Cla1Regs

00006000     180 (00006000)     _ECanaRegs

00006040     181 (00006040)     _ECanaLAMRegs

00006080     182 (00006080)     _ECanaMOTSRegs

000060c0     183 (000060c0)     _ECanaMOTORegs

00006100     184 (00006100)     _ECanaMboxes

00006400     190 (00006400)     _Comp1Regs
00006420     190 (00006400)     _Comp2Regs

00006440     191 (00006440)     _Comp3Regs

00006800     1a0 (00006800)     _EPwm1Regs

00006840     1a1 (00006840)     _EPwm2Regs

00006880     1a2 (00006880)     _EPwm3Regs

000068c0     1a3 (000068c0)     _EPwm4Regs

00006900     1a4 (00006900)     _EPwm5Regs

00006940     1a5 (00006940)     _EPwm6Regs

00006980     1a6 (00006980)     _EPwm7Regs

00006a00     1a8 (00006a00)     _ECap1Regs

00006b00     1ac (00006b00)     _EQep1Regs

00006c00     1b0 (00006c00)     _LinaRegs

00006f80     1be (00006f80)     _GpioCtrlRegs

00006fc0     1bf (00006fc0)     _GpioDataRegs
00006fe0     1bf (00006fc0)     _GpioIntRegs

00007010     1c0 (00007000)     _SysCtrlRegs

00007040     1c1 (00007040)     _SpiaRegs
00007050     1c1 (00007040)     _SciaRegs
00007060     1c1 (00007040)     _NmiIntruptRegs
00007070     1c1 (00007040)     _XIntruptRegs

00007100     1c4 (00007100)     _AdcRegs

00007740     1dd (00007740)     _SpibRegs

00007900     1e4 (00007900)     _I2caRegs

00009640     259 (00009640)     _Period
00009641     259 (00009640)     _AstromSwitch
00009642     259 (00009640)     _IsSettled
00009643     259 (00009640)     _GPR0_BLDC_PWM
00009644     259 (00009640)     _HallGpioBitA
00009645     259 (00009640)     _RoundsFlag
00009646     259 (00009640)     _RunForward
00009647     259 (00009640)     _BackTicker
00009648     259 (00009640)     _PreviousState
00009649     259 (00009640)     _TripFlagDMC
0000964a     259 (00009640)     _AlignFlag
0000964b     259 (00009640)     _LoopCount
0000964c     259 (00009640)     _Astrom
0000964d     259 (00009640)     _SerialCommsTimer
0000964e     259 (00009640)     _currentDirection
0000964f     259 (00009640)     _HallGpioBitC
00009650     259 (00009640)     _HallGpioBitB
00009651     259 (00009640)     _HallPointer
00009652     259 (00009640)     _i
00009653     259 (00009640)     _currentOperation
00009654     259 (00009640)     _DlogCh3
00009655     259 (00009640)     _DlogCh4
00009656     259 (00009640)     _DlogCh2
00009657     259 (00009640)     _SpeedLoopFlag
00009658     259 (00009640)     _DlogCh1
00009659     259 (00009640)     _ILoopFlag
0000965a     259 (00009640)     _DFuncDesired
0000965b     259 (00009640)     _DfuncTesting
0000965c     259 (00009640)     _CurrentLoopFlag
0000965d     259 (00009640)     _ClosedLoopFlag
0000965e     259 (00009640)     _EnableFlag
0000965f     259 (00009640)     _Start
00009660     259 (00009640)     _sprang
00009662     259 (00009640)     _T
00009664     259 (00009640)     _testVariable
00009666     259 (00009640)     _DesiredRounds
00009668     259 (00009640)     _Counter2
0000966a     259 (00009640)     _CurrentPeriod
0000966c     259 (00009640)     _RevolutionPeriod
0000966e     259 (00009640)     _CurrentCounter
00009670     259 (00009640)     _RampCounter
00009672     259 (00009640)     _VirtualTimer
00009674     259 (00009640)     _DesiredCurrent
00009676     259 (00009640)     _DesiredSpeed
00009678     259 (00009640)     _TotalRounds
0000967a     259 (00009640)     _SettleCounter
0000967c     259 (00009640)     _IsrTicker
0000967e     259 (00009640)     _DCbus_current

00009680     25a (00009680)     _CurrentSet
00009682     25a (00009680)     _tempIdc
00009684     25a (00009680)     _SpeedRef
00009686     25a (00009680)     _MeanCurrent2
00009688     25a (00009680)     _MeanCurrent
0000968a     25a (00009680)     _SumCurrent2
0000968c     25a (00009680)     _SumCurrent
0000968e     25a (00009680)     _test
00009690     25a (00009680)     _AlignDuty
00009692     25a (00009680)     _A_Task_Ptr
00009694     25a (00009680)     _B_Task_Ptr
00009696     25a (00009680)     _temp
00009698     25a (00009680)     _Alpha_State_Ptr
0000969a     25a (00009680)     _C_Task_Ptr
0000969c     25a (00009680)     _RampDelay
0000969e     25a (00009680)     _CmtnPeriodSetpt
000096a0     25a (00009680)     _peak
000096a2     25a (00009680)     _CurrentOffset
000096a4     25a (00009680)     _RPM
000096a6     25a (00009680)     _Tmp
000096a8     25a (00009680)     _CmtnPeriodTarget
000096aa     25a (00009680)     _timerFreq
000096ac     25a (00009680)     _eCAP
000096b0     25a (00009680)     _eQEP
000096b4     25a (00009680)     _VTimer1
000096b8     25a (00009680)     _VTimer0
000096bc     25a (00009680)     _VTimer2

000096c0     25b (000096c0)     _pwm1
000096c6     25b (000096c0)     _pwmdac1
000096cc     25b (000096c0)     _impl1
000096d2     25b (000096c0)     _mod1
000096d8     25b (000096c0)     _rmp2
000096e2     25b (000096c0)     _rmp3
000096ee     25b (000096c0)     _ePWM

00009700     25c (00009700)     _TrigSel
00009710     25c (00009700)     _ACQPS
00009720     25c (00009700)     _rc1
00009730     25c (00009700)     _ChSel

00009740     25d (00009740)     _hall1
00009752     25d (00009740)     _speed1
00009766     25d (00009740)     _speed2

00009780     25e (00009780)     _qep1
00009796     25e (00009780)     _dlog

000097c0     25f (000097c0)     _pid1_idc
000097d8     25f (000097c0)     _pid1_spd

00009800     260 (00009800)     _cmtn1
00009832     260 (00009800)     ___TI_cleanup_ptr
00009834     260 (00009800)     ___TI_dtors_ptr
00009836     260 (00009800)     __lock
00009838     260 (00009800)     __unlock

00009840     261 (00009840)     _CpuTimer1
00009848     261 (00009840)     _CpuTimer2
00009850     261 (00009840)     _CpuTimer0

003d7e80    f5fa (003d7e80)     _PartIdRegs

003f7d86    fdf6 (003f7d80)     __IQ24div

003f7ff8    fdff (003f7fc0)     _CsmPwl

003fe000    ff80 (003fe000)     _IQsinTable

003fe100    ff84 (003fe100)     _IQcosTable

003fe400    ff90 (003fe400)     _IQsinTableEnd

003fe502    ff94 (003fe500)     _IQcosTableEnd
003fe502    ff94 (003fe500)     _IQdivRoundSatTable
003fe510    ff94 (003fe500)     _IQdivTable

003fe712    ff9c (003fe700)     _IQdivTableEnd
003fe712    ff9c (003fe700)     _IQisqrtRoundSatTable
003fe712    ff9c (003fe700)     _IQsqrtRoundSatTable
003fe722    ff9c (003fe700)     _IQisqrtTable
003fe722    ff9c (003fe700)     _IQsqrtTable

003fe824    ffa0 (003fe800)     _IQatan2HalfPITable
003fe824    ffa0 (003fe800)     _IQisqrtTableEnd
003fe824    ffa0 (003fe800)     _IQsqrtTableEnd

003fe862    ffa1 (003fe840)     _IQatan2Table

003fe9e8    ffa7 (003fe9c0)     _IQ30mpyRndSatTable
003fe9e8    ffa7 (003fe9c0)     _IQatan2TableEnd
003fe9e8    ffa7 (003fe9c0)     _IQmpyRndSatTable
003fe9f4    ffa7 (003fe9c0)     _IQ29mpyRndSatTable

003fea00    ffa8 (003fea00)     _IQ28mpyRndSatTable
003fea0c    ffa8 (003fea00)     _IQ27mpyRndSatTable
003fea18    ffa8 (003fea00)     _IQ26mpyRndSatTable
003fea24    ffa8 (003fea00)     _IQ25mpyRndSatTable
003fea30    ffa8 (003fea00)     _IQ24mpyRndSatTable
003fea3c    ffa8 (003fea00)     _IQ23mpyRndSatTable

003fea48    ffa9 (003fea40)     _IQ22mpyRndSatTable
003fea54    ffa9 (003fea40)     _IQ21mpyRndSatTable
003fea60    ffa9 (003fea40)     _IQ20mpyRndSatTable
003fea6c    ffa9 (003fea40)     _IQ19mpyRndSatTable
003fea78    ffa9 (003fea40)     _IQ18mpyRndSatTable

003fea84    ffaa (003fea80)     _IQ17mpyRndSatTable
003fea90    ffaa (003fea80)     _IQ16mpyRndSatTable
003fea9c    ffaa (003fea80)     _IQ15mpyRndSatTable
003feaa8    ffaa (003fea80)     _IQ14mpyRndSatTable
003feab4    ffaa (003fea80)     _IQ13mpyRndSatTable

003feac0    ffab (003feac0)     _IQ12mpyRndSatTable
003feacc    ffab (003feac0)     _IQ11mpyRndSatTable
003fead8    ffab (003feac0)     _IQ10mpyRndSatTable
003feae4    ffab (003feac0)     _IQ9mpyRndSatTable
003feaf0    ffab (003feac0)     _IQ8mpyRndSatTable
003feafc    ffab (003feac0)     _IQ7mpyRndSatTable

003feb08    ffac (003feb00)     _IQ6mpyRndSatTable
003feb14    ffac (003feb00)     _IQ5mpyRndSatTable
003feb20    ffac (003feb00)     _IQ4mpyRndSatTable
003feb2c    ffac (003feb00)     _IQ3mpyRndSatTable
003feb38    ffac (003feb00)     _IQ2mpyRndSatTable

003feb44    ffad (003feb40)     _IQ1mpyRndSatTable
003feb50    ffad (003feb40)     _IQmpyRndSatTableEnd


GLOBAL SYMBOLS: SORTED ALPHABETICALLY BY Name 

page  address   name                 
----  -------   ----                 
0     003f6000  .text                
0     003f7a84  C$$EXIT              
0     003f76ce  FD$$MPY              
0     003f79fa  FD$$TOL              
0     003f77d9  FS$$ADD              
0     003f7751  FS$$DIV              
0     003f78be  FS$$MPY              
0     003f77d4  FS$$SUB              
0     003f7a19  FS$$TOFD             
0     003f79d1  FS$$TOL              
0     003f79a7  L$$DIV               
0     003f79b6  L$$MOD               
0     003f7a35  L$$TOFD              
0     003f7a51  L$$TOFS              
0     003f7ac6  U$$TOFS              
0     003f79c4  UL$$DIV              
0     003f79cb  UL$$MOD              
0     003f7a9d  UL$$TOFD             
0     003f7ab3  UL$$TOFS             
0     003f64cf  _A0                  
0     003f64fe  _A1                  
0     003f6504  _A2                  
0     003f650a  _A3                  
1     00009710  _ACQPS               
1     00009692  _A_Task_Ptr          
1     00007100  _AdcRegs             
1     00000b00  _AdcResult           
1     00009690  _AlignDuty           
1     0000964a  _AlignFlag           
1     00009698  _Alpha_State_Ptr     
1     0000964c  _Astrom              
1     00009641  _AstromSwitch        
0     003f64e8  _B0                  
0     003f6510  _B1                  
0     003f6536  _B2                  
0     003f653c  _B3                  
1     00009694  _B_Task_Ptr          
1     00009647  _BackTicker          
1     0000969a  _C_Task_Ptr          
0     003f7481  _CalcCurrent         
1     00009730  _ChSel               
1     00001400  _Cla1Regs            
1     0000965d  _ClosedLoopFlag      
1     0000969e  _CmtnPeriodSetpt     
1     000096a8  _CmtnPeriodTarget    
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
0     003f788d  _ConfigCpuTimer      
1     00009668  _Counter2            
1     00009850  _CpuTimer0           
1     00000c00  _CpuTimer0Regs       
1     00009840  _CpuTimer1           
1     00000c08  _CpuTimer1Regs       
1     00009848  _CpuTimer2           
1     00000c10  _CpuTimer2Regs       
1     003f7ff8  _CsmPwl              
1     00000ae0  _CsmRegs             
1     0000966e  _CurrentCounter      
1     0000965c  _CurrentLoopFlag     
1     000096a2  _CurrentOffset       
1     0000966a  _CurrentPeriod       
1     00009680  _CurrentSet          
1     0000967e  _DCbus_current       
1     0000965a  _DFuncDesired        
0     003f7918  _DLOG_4CH_init       
0     003f7923  _DLOG_4CH_update     
0     00008064  _DSP28x_usDelay      
1     00009674  _DesiredCurrent      
1     00009666  _DesiredRounds       
1     00009676  _DesiredSpeed        
1     00000880  _DevEmuRegs          
0     003f750f  _DeviceInit          
1     0000965b  _DfuncTesting        
1     00009658  _DlogCh1             
1     00009656  _DlogCh2             
1     00009654  _DlogCh3             
1     00009655  _DlogCh4             
1     00006040  _ECanaLAMRegs        
1     000060c0  _ECanaMOTORegs       
1     00006080  _ECanaMOTSRegs       
1     00006100  _ECanaMboxes         
1     00006000  _ECanaRegs           
1     00006a00  _ECap1Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006b00  _EQep1Regs           
1     00000d01  _EmuBMode            
1     00000d00  _EmuKey              
1     0000965e  _EnableFlag          
1     00000a80  _FlashRegs           
1     00000d04  _Flash_CPUScaleFactor
1     00000d02  _Flash_CallbackPtr   
1     00009643  _GPR0_BLDC_PWM       
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
0     003f74c9  _HVDMC_Protection    
1     00009644  _HallGpioBitA        
1     00009650  _HallGpioBitB        
1     0000964f  _HallGpioBitC        
1     00009651  _HallPointer         
1     00007900  _I2caRegs            
1     00009659  _ILoopFlag           
0     003fead8  _IQ10mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003feb44  _IQ1mpyRndSatTable   
0     003fea60  _IQ20mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fe9f4  _IQ29mpyRndSatTable  
0     003feb38  _IQ2mpyRndSatTable   
0     003fe9e8  _IQ30mpyRndSatTable  
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feae4  _IQ9mpyRndSatTable   
0     003fe824  _IQatan2HalfPITable  
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQatan2TableEnd     
0     003fe100  _IQcosTable          
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe722  _IQisqrtTable        
0     003fe824  _IQisqrtTableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003feb50  _IQmpyRndSatTableEnd 
0     003fe000  _IQsinTable          
0     003fe400  _IQsinTableEnd       
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQsqrtTable         
0     003fe824  _IQsqrtTableEnd      
0     003f7ae7  _ISR_ILLEGAL         
0     003f784c  _InitCpuTimers       
0     00008049  _InitFlash           
1     00009642  _IsSettled           
1     0000967c  _IsrTicker           
1     00006c00  _LinaRegs            
1     0000964b  _LoopCount           
0     00008000  _MainISR             
1     00009688  _MeanCurrent         
1     00009686  _MeanCurrent2        
0     003f76b9  _MemCopy             
1     00007060  _NmiIntruptRegs      
0     003f7642  _PLLset              
1     003d7e80  _PartIdRegs          
1     00009640  _Period              
0     003f767c  _PieCntlInit         
1     00000ce0  _PieCtrlRegs         
1     00000d00  _PieVectTable        
0     003f769b  _PieVectTableInit    
1     00009648  _PreviousState       
1     000096a4  _RPM                 
0     003f0068  _RamfuncsLoadEnd     
0     003f0000  _RamfuncsLoadStart   
0     00008000  _RamfuncsRunStart    
1     00009670  _RampCounter         
1     0000969c  _RampDelay           
1     0000966c  _RevolutionPeriod    
1     00009645  _RoundsFlag          
0     003f6542  _Run                 
1     00009646  _RunForward          
1     00007050  _SciaRegs            
1     0000964d  _SerialCommsTimer    
1     0000967a  _SettleCounter       
1     00009657  _SpeedLoopFlag       
1     00009684  _SpeedRef            
1     00007040  _SpiaRegs            
1     00007740  _SpibRegs            
1     0000965f  _Start               
1     0000968c  _SumCurrent          
1     0000968a  _SumCurrent2         
1     00007010  _SysCtrlRegs         
1     00009662  _T                   
1     000096a6  _Tmp                 
1     00009678  _TotalRounds         
1     00009700  _TrigSel             
1     00009649  _TripFlagDMC         
1     000096b8  _VTimer0             
1     000096b4  _VTimer1             
1     000096bc  _VTimer2             
1     00009672  _VirtualTimer        
0     003f763a  _WDogDisable         
1     00007070  _XIntruptRegs        
0     003f7d86  __IQ24div            
1     000003d0  __STACK_END          
abs   00000380  __STACK_SIZE         
1     00009832  ___TI_cleanup_ptr    
1     00009834  ___TI_dtors_ptr      
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
0     003f7aec  ___cinit__           
0     003f7aec  ___etext__           
abs   ffffffff  ___pinit__           
0     003f6000  ___text__            
0     003f7a6b  __args_main          
1     00009836  __lock               
0     003f7ade  __nop                
0     003f7ada  __register_lock      
0     003f7ad6  __register_unlock    
1     00000050  __stack              
1     00009838  __unlock             
0     003f7a84  _abort               
0     003f7963  _c_int00             
1     00009800  _cmtn1               
1     0000964e  _currentDirection    
1     00009653  _currentOperation    
1     00009796  _dlog                
1     000096ac  _eCAP                
1     000096ee  _ePWM                
1     000096b0  _eQEP                
0     003f7a86  _exit                
1     00009740  _hall1               
1     00009652  _i                   
1     000096cc  _impl1               
0     003f70d5  _initValues          
0     003f6000  _main                
1     000096d2  _mod1                
1     000096a0  _peak                
1     000097c0  _pid1_idc            
1     000097d8  _pid1_spd            
1     000096c0  _pwm1                
1     000096c6  _pwmdac1             
1     00009780  _qep1                
0     003f701f  _qepMeasure          
1     00009720  _rc1                 
1     000096d8  _rmp2                
1     000096e2  _rmp3                
1     00009752  _speed1              
1     00009766  _speed2              
1     00009660  _sprang              
1     00009696  _temp                
1     00009682  _tempIdc             
1     0000968e  _test                
1     00009664  _testVariable        
1     000096aa  _timerFreq           
abs   ffffffff  binit                
0     003f7aec  cinit                
0     003f7ff6  code_start           
0     003f7aec  etext                
abs   ffffffff  pinit                


GLOBAL SYMBOLS: SORTED BY Symbol Address 

page  address   name                 
----  -------   ----                 
0     00008000  _MainISR             
0     00008000  _RamfuncsRunStart    
0     00008049  _InitFlash           
0     00008064  _DSP28x_usDelay      
0     003f0000  _RamfuncsLoadStart   
0     003f0068  _RamfuncsLoadEnd     
0     003f6000  .text                
0     003f6000  ___text__            
0     003f6000  _main                
0     003f64cf  _A0                  
0     003f64e8  _B0                  
0     003f64fe  _A1                  
0     003f6504  _A2                  
0     003f650a  _A3                  
0     003f6510  _B1                  
0     003f6536  _B2                  
0     003f653c  _B3                  
0     003f6542  _Run                 
0     003f701f  _qepMeasure          
0     003f70d5  _initValues          
0     003f7481  _CalcCurrent         
0     003f74c9  _HVDMC_Protection    
0     003f750f  _DeviceInit          
0     003f763a  _WDogDisable         
0     003f7642  _PLLset              
0     003f767c  _PieCntlInit         
0     003f769b  _PieVectTableInit    
0     003f76b9  _MemCopy             
0     003f76ce  FD$$MPY              
0     003f7751  FS$$DIV              
0     003f77d4  FS$$SUB              
0     003f77d9  FS$$ADD              
0     003f784c  _InitCpuTimers       
0     003f788d  _ConfigCpuTimer      
0     003f78be  FS$$MPY              
0     003f7918  _DLOG_4CH_init       
0     003f7923  _DLOG_4CH_update     
0     003f7963  _c_int00             
0     003f79a7  L$$DIV               
0     003f79b6  L$$MOD               
0     003f79c4  UL$$DIV              
0     003f79cb  UL$$MOD              
0     003f79d1  FS$$TOL              
0     003f79fa  FD$$TOL              
0     003f7a19  FS$$TOFD             
0     003f7a35  L$$TOFD              
0     003f7a51  L$$TOFS              
0     003f7a6b  __args_main          
0     003f7a84  C$$EXIT              
0     003f7a84  _abort               
0     003f7a86  _exit                
0     003f7a9d  UL$$TOFD             
0     003f7ab3  UL$$TOFS             
0     003f7ac6  U$$TOFS              
0     003f7ad6  __register_unlock    
0     003f7ada  __register_lock      
0     003f7ade  __nop                
0     003f7ae7  _ISR_ILLEGAL         
0     003f7aec  ___cinit__           
0     003f7aec  ___etext__           
0     003f7aec  cinit                
0     003f7aec  etext                
0     003f7d86  __IQ24div            
0     003f7ff6  code_start           
0     003fe000  _IQsinTable          
0     003fe100  _IQcosTable          
0     003fe400  _IQsinTableEnd       
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQisqrtTable        
0     003fe722  _IQsqrtTable         
0     003fe824  _IQatan2HalfPITable  
0     003fe824  _IQisqrtTableEnd     
0     003fe824  _IQsqrtTableEnd      
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQ30mpyRndSatTable  
0     003fe9e8  _IQatan2TableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003fe9f4  _IQ29mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea60  _IQ20mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003fead8  _IQ10mpyRndSatTable  
0     003feae4  _IQ9mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb38  _IQ2mpyRndSatTable   
0     003feb44  _IQ1mpyRndSatTable   
0     003feb50  _IQmpyRndSatTableEnd 
1     00000050  __stack              
1     000003d0  __STACK_END          
1     00000880  _DevEmuRegs          
1     00000a80  _FlashRegs           
1     00000ae0  _CsmRegs             
1     00000b00  _AdcResult           
1     00000c00  _CpuTimer0Regs       
1     00000c08  _CpuTimer1Regs       
1     00000c10  _CpuTimer2Regs       
1     00000ce0  _PieCtrlRegs         
1     00000d00  _EmuKey              
1     00000d00  _PieVectTable        
1     00000d01  _EmuBMode            
1     00000d02  _Flash_CallbackPtr   
1     00000d04  _Flash_CPUScaleFactor
1     00001400  _Cla1Regs            
1     00006000  _ECanaRegs           
1     00006040  _ECanaLAMRegs        
1     00006080  _ECanaMOTSRegs       
1     000060c0  _ECanaMOTORegs       
1     00006100  _ECanaMboxes         
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006a00  _ECap1Regs           
1     00006b00  _EQep1Regs           
1     00006c00  _LinaRegs            
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
1     00007010  _SysCtrlRegs         
1     00007040  _SpiaRegs            
1     00007050  _SciaRegs            
1     00007060  _NmiIntruptRegs      
1     00007070  _XIntruptRegs        
1     00007100  _AdcRegs             
1     00007740  _SpibRegs            
1     00007900  _I2caRegs            
1     00009640  _Period              
1     00009641  _AstromSwitch        
1     00009642  _IsSettled           
1     00009643  _GPR0_BLDC_PWM       
1     00009644  _HallGpioBitA        
1     00009645  _RoundsFlag          
1     00009646  _RunForward          
1     00009647  _BackTicker          
1     00009648  _PreviousState       
1     00009649  _TripFlagDMC         
1     0000964a  _AlignFlag           
1     0000964b  _LoopCount           
1     0000964c  _Astrom              
1     0000964d  _SerialCommsTimer    
1     0000964e  _currentDirection    
1     0000964f  _HallGpioBitC        
1     00009650  _HallGpioBitB        
1     00009651  _HallPointer         
1     00009652  _i                   
1     00009653  _currentOperation    
1     00009654  _DlogCh3             
1     00009655  _DlogCh4             
1     00009656  _DlogCh2             
1     00009657  _SpeedLoopFlag       
1     00009658  _DlogCh1             
1     00009659  _ILoopFlag           
1     0000965a  _DFuncDesired        
1     0000965b  _DfuncTesting        
1     0000965c  _CurrentLoopFlag     
1     0000965d  _ClosedLoopFlag      
1     0000965e  _EnableFlag          
1     0000965f  _Start               
1     00009660  _sprang              
1     00009662  _T                   
1     00009664  _testVariable        
1     00009666  _DesiredRounds       
1     00009668  _Counter2            
1     0000966a  _CurrentPeriod       
1     0000966c  _RevolutionPeriod    
1     0000966e  _CurrentCounter      
1     00009670  _RampCounter         
1     00009672  _VirtualTimer        
1     00009674  _DesiredCurrent      
1     00009676  _DesiredSpeed        
1     00009678  _TotalRounds         
1     0000967a  _SettleCounter       
1     0000967c  _IsrTicker           
1     0000967e  _DCbus_current       
1     00009680  _CurrentSet          
1     00009682  _tempIdc             
1     00009684  _SpeedRef            
1     00009686  _MeanCurrent2        
1     00009688  _MeanCurrent         
1     0000968a  _SumCurrent2         
1     0000968c  _SumCurrent          
1     0000968e  _test                
1     00009690  _AlignDuty           
1     00009692  _A_Task_Ptr          
1     00009694  _B_Task_Ptr          
1     00009696  _temp                
1     00009698  _Alpha_State_Ptr     
1     0000969a  _C_Task_Ptr          
1     0000969c  _RampDelay           
1     0000969e  _CmtnPeriodSetpt     
1     000096a0  _peak                
1     000096a2  _CurrentOffset       
1     000096a4  _RPM                 
1     000096a6  _Tmp                 
1     000096a8  _CmtnPeriodTarget    
1     000096aa  _timerFreq           
1     000096ac  _eCAP                
1     000096b0  _eQEP                
1     000096b4  _VTimer1             
1     000096b8  _VTimer0             
1     000096bc  _VTimer2             
1     000096c0  _pwm1                
1     000096c6  _pwmdac1             
1     000096cc  _impl1               
1     000096d2  _mod1                
1     000096d8  _rmp2                
1     000096e2  _rmp3                
1     000096ee  _ePWM                
1     00009700  _TrigSel             
1     00009710  _ACQPS               
1     00009720  _rc1                 
1     00009730  _ChSel               
1     00009740  _hall1               
1     00009752  _speed1              
1     00009766  _speed2              
1     00009780  _qep1                
1     00009796  _dlog                
1     000097c0  _pid1_idc            
1     000097d8  _pid1_spd            
1     00009800  _cmtn1               
1     00009832  ___TI_cleanup_ptr    
1     00009834  ___TI_dtors_ptr      
1     00009836  __lock               
1     00009838  __unlock             
1     00009840  _CpuTimer1           
1     00009848  _CpuTimer2           
1     00009850  _CpuTimer0           
1     003d7e80  _PartIdRegs          
1     003f7ff8  _CsmPwl              
abs   00000380  __STACK_SIZE         
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
abs   ffffffff  ___pinit__           
abs   ffffffff  binit                
abs   ffffffff  pinit                

[266 symbols]







Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored.map

******************************************************************************
             TMS320C2000 Linker PC v6.4.2                      
******************************************************************************
>> Linked Sat Jun 13 18:43:58 2015

OUTPUT FILE NAME:   <HVPM_Sensored.out>
ENTRY POINT SYMBOL: "_c_int00"  address: 003f6a23


MEMORY CONFIGURATION

         name            origin    length      used     unused   attr    fill
----------------------  --------  ---------  --------  --------  ----  --------
PAGE 0:
  progRAM               00008000   00001000  000004cb  00000b35  RWIX
  OTP                   003d7800   00000400  00000000  00000400  RWIX
  FLASHH                003e8000   00002000  00000000  00002000  RWIX
  FLASHG                003ea000   00002000  00000000  00002000  RWIX
  FLASHF                003ec000   00002000  00000000  00002000  RWIX
  FLASHE                003ee000   00002000  00000000  00002000  RWIX
  FLASHD                003f0000   00002000  000004cb  00001b35  RWIX
  FLASHC                003f2000   00002000  00000000  00002000  RWIX
  FLASHA                003f6000   00001f80  00000dd5  000011ab  RWIX
  CSM_RSVD              003f7f80   00000076  00000000  00000076  RWIX
  BEGIN                 003f7ff6   00000002  00000002  00000000  RWIX
  CSM_PWL               003f7ff8   00000008  00000000  00000008  RWIX
  IQTABLES              003fe000   00000b50  00000b50  00000000  RWIX
  IQTABLES2             003feb50   0000008c  00000000  0000008c  RWIX
  IQTABLES3             003febdc   000000aa  00000000  000000aa  RWIX
  BOOTROM               003ff27c   00000d44  00000000  00000d44  RWIX
  RESET                 003fffc0   00000002  00000000  00000002  RWIX
  VECTORS               003fffc2   0000003e  00000000  0000003e  RWIX

PAGE 1:
  BOOT_RSVD             00000000   00000050  00000000  00000050  RWIX
  RAMM0                 00000050   000003b0  00000380  00000030  RWIX
  RAMM1                 00000400   00000400  00000000  00000400  RWIX
  DEV_EMU               00000880   00000105  00000004  00000101  RWIX
  SYS_PWR_CTL           00000985   00000003  00000000  00000003  RWIX
  FLASH_REGS            00000a80   00000060  00000008  00000058  RWIX
  CSM                   00000ae0   00000010  00000010  00000000  RWIX
  ADC_RESULT            00000b00   00000020  00000020  00000000  RWIX
  CPU_TIMER0            00000c00   00000008  00000008  00000000  RWIX
  CPU_TIMER1            00000c08   00000008  00000008  00000000  RWIX
  CPU_TIMER2            00000c10   00000008  00000008  00000000  RWIX
  PIE_CTRL              00000ce0   00000020  0000001a  00000006  RWIX
  PIE_VECT              00000d00   00000100  00000100  00000000  RWIX
  CLA1                  00001400   00000080  00000040  00000040  RWIX
  CLA_CPU_MSGRAM        00001480   00000080  00000000  00000080  RWIX
  CPU_CLA_MSGRAM        00001500   00000080  00000000  00000080  RWIX
  ECANA                 00006000   00000040  00000034  0000000c  RWIX
  ECANA_LAM             00006040   00000040  00000040  00000000  RWIX
  ECANA_MOTS            00006080   00000040  00000040  00000000  RWIX
  ECANA_MOTO            000060c0   00000040  00000040  00000000  RWIX
  ECANA_MBOX            00006100   00000100  00000100  00000000  RWIX
  COMP1                 00006400   00000020  00000014  0000000c  RWIX
  COMP2                 00006420   00000020  00000014  0000000c  RWIX
  COMP3                 00006440   00000020  00000014  0000000c  RWIX
  EPWM1                 00006800   00000040  00000040  00000000  RWIX
  EPWM2                 00006840   00000040  00000040  00000000  RWIX
  EPWM3                 00006880   00000040  00000040  00000000  RWIX
  EPWM4                 000068c0   00000040  00000040  00000000  RWIX
  EPWM5                 00006900   00000040  00000040  00000000  RWIX
  EPWM6                 00006940   00000040  00000040  00000000  RWIX
  EPWM7                 00006980   00000040  00000040  00000000  RWIX
  ECAP1                 00006a00   00000020  00000020  00000000  RWIX
  EQEP1                 00006b00   00000040  00000040  00000000  RWIX
  LINA                  00006c00   00000080  0000004a  00000036  RWIX
  GPIOCTRL              00006f80   00000040  00000040  00000000  RWIX
  GPIODAT               00006fc0   00000020  00000020  00000000  RWIX
  GPIOINT               00006fe0   00000020  0000000c  00000014  RWIX
  SYSTEM                00007010   00000020  00000020  00000000  RWIX
  SPIA                  00007040   00000010  00000010  00000000  RWIX
  SCIA                  00007050   00000010  00000010  00000000  RWIX
  NMIINTRUPT            00007060   00000010  00000010  00000000  RWIX
  XINTRUPT              00007070   00000010  00000010  00000000  RWIX
  ADC                   00007100   00000080  00000050  00000030  RWIX
  SPIB                  00007740   00000010  00000010  00000000  RWIX
  I2CA                  00007900   00000040  00000022  0000001e  RWIX
  dataRAM               00009000   00001000  000004d8  00000b28  RWIX
  PARTID                003d7e80   00000001  00000001  00000000  RWIX
  FLASHB                003f4000   00002000  00000000  00002000  RWIX
  CSM_PWL               003f7ff8   00000008  00000008  00000000  RWIX


SECTION ALLOCATION MAP

 output                                  attributes/
section   page    origin      length       input sections
--------  ----  ----------  ----------   ----------------
DevEmuRegsFile 
*          1    00000880    00000004     UNINITIALIZED
                  00000880    00000004     DSP2803x_GlobalVariableDefs.obj (DevEmuRegsFile)

FlashRegsFile 
*          1    00000a80    00000008     UNINITIALIZED
                  00000a80    00000008     DSP2803x_GlobalVariableDefs.obj (FlashRegsFile)

CsmRegsFile 
*          1    00000ae0    00000010     UNINITIALIZED
                  00000ae0    00000010     DSP2803x_GlobalVariableDefs.obj (CsmRegsFile)

AdcResultFile 
*          1    00000b00    00000020     UNINITIALIZED
                  00000b00    00000020     DSP2803x_GlobalVariableDefs.obj (AdcResultFile)

CpuTimer0RegsFile 
*          1    00000c00    00000008     UNINITIALIZED
                  00000c00    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer0RegsFile)

CpuTimer1RegsFile 
*          1    00000c08    00000008     UNINITIALIZED
                  00000c08    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer1RegsFile)

CpuTimer2RegsFile 
*          1    00000c10    00000008     UNINITIALIZED
                  00000c10    00000008     DSP2803x_GlobalVariableDefs.obj (CpuTimer2RegsFile)

PieCtrlRegsFile 
*          1    00000ce0    0000001a     UNINITIALIZED
                  00000ce0    0000001a     DSP2803x_GlobalVariableDefs.obj (PieCtrlRegsFile)

PieVectTableFile 
*          1    00000d00    00000100     UNINITIALIZED
                  00000d00    00000100     DSP2803x_GlobalVariableDefs.obj (PieVectTableFile)

EmuKeyVar 
*          1    00000d00    00000001     UNINITIALIZED
                  00000d00    00000001     DSP2803x_GlobalVariableDefs.obj (EmuKeyVar)

EmuBModeVar 
*          1    00000d01    00000001     UNINITIALIZED
                  00000d01    00000001     DSP2803x_GlobalVariableDefs.obj (EmuBModeVar)

FlashCallbackVar 
*          1    00000d02    00000002     UNINITIALIZED
                  00000d02    00000002     DSP2803x_GlobalVariableDefs.obj (FlashCallbackVar)

FlashScalingVar 
*          1    00000d04    00000002     UNINITIALIZED
                  00000d04    00000002     DSP2803x_GlobalVariableDefs.obj (FlashScalingVar)

ramfuncs   0    003f0000    000004cb     RUN ADDR = 00008000
                  003f0000    000004ac     HVPM_Sensored.obj (ramfuncs:retain)
                  003f04ac    0000001b     HVPM_Sensored-DevInit_F2803x.obj (ramfuncs)
                  003f04c7    00000004     DSP2803x_usDelay.obj (ramfuncs)

.text      0    003f6000    00000b84     
                  003f6000    0000063f     HVPM_Sensored.obj (.text)
                  003f663f    000001c1     HVPM_Sensored-DevInit_F2803x.obj (.text)
                  003f6800    00000083     rts2800_ml.lib : fd_mpy.obj (.text)
                  003f6883    00000083                    : fs_div.obj (.text)
                  003f6906    00000078                    : fs_add.obj (.text)
                  003f697e    0000005a                    : fs_mpy.obj (.text)
                  003f69d8    0000004b     DLOG4CHC.obj (.text)
                  003f6a23    00000044     rts2800_ml.lib : boot.obj (.text)
                  003f6a67    00000029                    : fs_tol.obj (.text)
                  003f6a90    0000001f                    : fd_tol.obj (.text)
                  003f6aaf    0000001d                    : fs_tou.obj (.text)
                  003f6acc    0000001c                    : fs_tofd.obj (.text)
                  003f6ae8    0000001a                    : l_tofs.obj (.text)
                  003f6b02    00000019                    : args_main.obj (.text)
                  003f6b1b    00000019                    : exit.obj (.text)
                  003f6b34    00000017                    : fs_cmp.obj (.text)
                  003f6b4b    00000013                    : ul_tofs.obj (.text)
                  003f6b5e    00000010                    : u_tofs.obj (.text)
                  003f6b6e    00000009                    : _lock.obj (.text)
                  003f6b77    00000008     DSP2803x_CodeStartBranch.obj (.text)
                  003f6b7f    00000005     HVPM_Sensored-DevInit_F2803x.obj (.text:retain)

.cinit     0    003f6b84    000001f5     
                  003f6b84    000001df     HVPM_Sensored.obj (.cinit)
                  003f6d63    0000000a     rts2800_ml.lib : exit.obj (.cinit)
                  003f6d6d    00000005                    : _lock.obj (.cinit:__lock)
                  003f6d72    00000005                    : _lock.obj (.cinit:__unlock)
                  003f6d77    00000002     --HOLE-- [fill = 0]

IQmath     0    003f6d79    00000050     
                  003f6d79    00000029     IQmath.lib : IQ24sinPU.obj (IQmath)
                  003f6da2    00000027                : IQ24cosPU.obj (IQmath)

.econst    0    003f6dca    0000000c     
                  003f6dca    0000000c     HVPM_Sensored.obj (.econst)

codestart 
*          0    003f7ff6    00000002     
                  003f7ff6    00000002     DSP2803x_CodeStartBranch.obj (codestart)

IQmathTables 
*          0    003fe000    00000b50     NOLOAD SECTION
                  003fe000    00000b50     IQmath.lib : IQmathTables.obj (IQmathTables)

.stack     1    00000050    00000380     UNINITIALIZED
                  00000050    00000380     --HOLE--

Cla1RegsFile 
*          1    00001400    00000040     UNINITIALIZED
                  00001400    00000040     DSP2803x_GlobalVariableDefs.obj (Cla1RegsFile)

ECanaRegsFile 
*          1    00006000    00000034     UNINITIALIZED
                  00006000    00000034     DSP2803x_GlobalVariableDefs.obj (ECanaRegsFile)

ECanaLAMRegsFile 
*          1    00006040    00000040     UNINITIALIZED
                  00006040    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaLAMRegsFile)

ECanaMOTSRegsFile 
*          1    00006080    00000040     UNINITIALIZED
                  00006080    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTSRegsFile)

ECanaMOTORegsFile 
*          1    000060c0    00000040     UNINITIALIZED
                  000060c0    00000040     DSP2803x_GlobalVariableDefs.obj (ECanaMOTORegsFile)

ECanaMboxesFile 
*          1    00006100    00000100     UNINITIALIZED
                  00006100    00000100     DSP2803x_GlobalVariableDefs.obj (ECanaMboxesFile)

Comp1RegsFile 
*          1    00006400    00000014     UNINITIALIZED
                  00006400    00000014     DSP2803x_GlobalVariableDefs.obj (Comp1RegsFile)

Comp2RegsFile 
*          1    00006420    00000014     UNINITIALIZED
                  00006420    00000014     DSP2803x_GlobalVariableDefs.obj (Comp2RegsFile)

Comp3RegsFile 
*          1    00006440    00000014     UNINITIALIZED
                  00006440    00000014     DSP2803x_GlobalVariableDefs.obj (Comp3RegsFile)

EPwm1RegsFile 
*          1    00006800    00000040     UNINITIALIZED
                  00006800    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm1RegsFile)

EPwm2RegsFile 
*          1    00006840    00000040     UNINITIALIZED
                  00006840    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm2RegsFile)

EPwm3RegsFile 
*          1    00006880    00000040     UNINITIALIZED
                  00006880    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm3RegsFile)

EPwm4RegsFile 
*          1    000068c0    00000040     UNINITIALIZED
                  000068c0    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm4RegsFile)

EPwm5RegsFile 
*          1    00006900    00000040     UNINITIALIZED
                  00006900    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm5RegsFile)

EPwm6RegsFile 
*          1    00006940    00000040     UNINITIALIZED
                  00006940    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm6RegsFile)

EPwm7RegsFile 
*          1    00006980    00000040     UNINITIALIZED
                  00006980    00000040     DSP2803x_GlobalVariableDefs.obj (EPwm7RegsFile)

ECap1RegsFile 
*          1    00006a00    00000020     UNINITIALIZED
                  00006a00    00000020     DSP2803x_GlobalVariableDefs.obj (ECap1RegsFile)

EQep1RegsFile 
*          1    00006b00    00000040     UNINITIALIZED
                  00006b00    00000040     DSP2803x_GlobalVariableDefs.obj (EQep1RegsFile)

LinaRegsFile 
*          1    00006c00    0000004a     UNINITIALIZED
                  00006c00    0000004a     DSP2803x_GlobalVariableDefs.obj (LinaRegsFile)

GpioCtrlRegsFile 
*          1    00006f80    00000040     UNINITIALIZED
                  00006f80    00000040     DSP2803x_GlobalVariableDefs.obj (GpioCtrlRegsFile)

GpioDataRegsFile 
*          1    00006fc0    00000020     UNINITIALIZED
                  00006fc0    00000020     DSP2803x_GlobalVariableDefs.obj (GpioDataRegsFile)

GpioIntRegsFile 
*          1    00006fe0    0000000c     UNINITIALIZED
                  00006fe0    0000000c     DSP2803x_GlobalVariableDefs.obj (GpioIntRegsFile)

SysCtrlRegsFile 
*          1    00007010    00000020     UNINITIALIZED
                  00007010    00000020     DSP2803x_GlobalVariableDefs.obj (SysCtrlRegsFile)

SpiaRegsFile 
*          1    00007040    00000010     UNINITIALIZED
                  00007040    00000010     DSP2803x_GlobalVariableDefs.obj (SpiaRegsFile)

SciaRegsFile 
*          1    00007050    00000010     UNINITIALIZED
                  00007050    00000010     DSP2803x_GlobalVariableDefs.obj (SciaRegsFile)

NmiIntruptRegsFile 
*          1    00007060    00000010     UNINITIALIZED
                  00007060    00000010     DSP2803x_GlobalVariableDefs.obj (NmiIntruptRegsFile)

XIntruptRegsFile 
*          1    00007070    00000010     UNINITIALIZED
                  00007070    00000010     DSP2803x_GlobalVariableDefs.obj (XIntruptRegsFile)

AdcRegsFile 
*          1    00007100    00000050     UNINITIALIZED
                  00007100    00000050     DSP2803x_GlobalVariableDefs.obj (AdcRegsFile)

SpibRegsFile 
*          1    00007740    00000010     UNINITIALIZED
                  00007740    00000010     DSP2803x_GlobalVariableDefs.obj (SpibRegsFile)

I2caRegsFile 
*          1    00007900    00000022     UNINITIALIZED
                  00007900    00000022     DSP2803x_GlobalVariableDefs.obj (I2caRegsFile)

.ebss      1    00009320    000001b8     UNINITIALIZED
                  00009320    00000004     rts2800_ml.lib : exit.obj (.ebss)
                  00009324    00000002                    : _lock.obj (.ebss:__lock)
                  00009326    00000002                    : _lock.obj (.ebss:__unlock)
                  00009328    00000018     --HOLE--
                  00009340    00000198     HVPM_Sensored.obj (.ebss)

PartIdRegsFile 
*          1    003d7e80    00000001     UNINITIALIZED
                  003d7e80    00000001     DSP2803x_GlobalVariableDefs.obj (PartIdRegsFile)

CsmPwlFile 
*          1    003f7ff8    00000008     UNINITIALIZED
                  003f7ff8    00000008     DSP2803x_GlobalVariableDefs.obj (CsmPwlFile)

.pinit     0    003f6000    00000000     UNINITIALIZED

.reset     0    003fffc0    00000002     DSECT
                  003fffc0    00000002     rts2800_ml.lib : boot.obj (.reset)

vectors    0    003fffc2    00000000     DSECT

DLOG       1    00009000    00000320     UNINITIALIZED
                  00009000    00000320     DLOG4CHC.obj (DLOG)


GLOBAL DATA SYMBOLS: SORTED BY DATA PAGE

address     data page           name
--------    ----------------    ----
00000050       1 (00000040)     __stack

00000880      22 (00000880)     _DevEmuRegs

00000a80      2a (00000a80)     _FlashRegs

00000ae0      2b (00000ac0)     _CsmRegs

00000b00      2c (00000b00)     _AdcResult

00000c00      30 (00000c00)     _CpuTimer0Regs
00000c08      30 (00000c00)     _CpuTimer1Regs
00000c10      30 (00000c00)     _CpuTimer2Regs

00000ce0      33 (00000cc0)     _PieCtrlRegs

00000d00      34 (00000d00)     _EmuKey
00000d00      34 (00000d00)     _PieVectTable
00000d01      34 (00000d00)     _EmuBMode
00000d02      34 (00000d00)     _Flash_CallbackPtr
00000d04      34 (00000d00)     _Flash_CPUScaleFactor

00001400      50 (00001400)     _Cla1Regs

00006000     180 (00006000)     _ECanaRegs

00006040     181 (00006040)     _ECanaLAMRegs

00006080     182 (00006080)     _ECanaMOTSRegs

000060c0     183 (000060c0)     _ECanaMOTORegs

00006100     184 (00006100)     _ECanaMboxes

00006400     190 (00006400)     _Comp1Regs
00006420     190 (00006400)     _Comp2Regs

00006440     191 (00006440)     _Comp3Regs

00006800     1a0 (00006800)     _EPwm1Regs

00006840     1a1 (00006840)     _EPwm2Regs

00006880     1a2 (00006880)     _EPwm3Regs

000068c0     1a3 (000068c0)     _EPwm4Regs

00006900     1a4 (00006900)     _EPwm5Regs

00006940     1a5 (00006940)     _EPwm6Regs

00006980     1a6 (00006980)     _EPwm7Regs

00006a00     1a8 (00006a00)     _ECap1Regs

00006b00     1ac (00006b00)     _EQep1Regs

00006c00     1b0 (00006c00)     _LinaRegs

00006f80     1be (00006f80)     _GpioCtrlRegs

00006fc0     1bf (00006fc0)     _GpioDataRegs
00006fe0     1bf (00006fc0)     _GpioIntRegs

00007010     1c0 (00007000)     _SysCtrlRegs

00007040     1c1 (00007040)     _SpiaRegs
00007050     1c1 (00007040)     _SciaRegs
00007060     1c1 (00007040)     _NmiIntruptRegs
00007070     1c1 (00007040)     _XIntruptRegs

00007100     1c4 (00007100)     _AdcRegs

00007740     1dd (00007740)     _SpibRegs

00007900     1e4 (00007900)     _I2caRegs

00009320     24c (00009300)     ___TI_cleanup_ptr
00009322     24c (00009300)     ___TI_dtors_ptr
00009324     24c (00009300)     __lock
00009326     24c (00009300)     __unlock

00009340     24d (00009340)     _Init_IFlag
00009341     24d (00009340)     _TripFlagDMC
00009342     24d (00009340)     _DlogCh2
00009343     24d (00009340)     _DlogCh1
00009344     24d (00009340)     _OffsetFlag
00009345     24d (00009340)     _SerialCommsTimer
00009346     24d (00009340)     _lsw
00009347     24d (00009340)     _EnableFlag
00009348     24d (00009340)     _LockRotorFlag
00009349     24d (00009340)     _DlogCh3
0000934a     24d (00009340)     _DlogCh4
0000934b     24d (00009340)     _BackTicker
0000934c     24d (00009340)     _SpeedLoopPrescaler
0000934d     24d (00009340)     _SpeedLoopCount
0000934e     24d (00009340)     _offsetB
00009350     24d (00009340)     _K1
00009352     24d (00009340)     _offsetC
00009354     24d (00009340)     _K2
00009356     24d (00009340)     _offsetA
00009358     24d (00009340)     _TotalRounds
0000935a     24d (00009340)     _SpeedRef
0000935c     24d (00009340)     _T
0000935e     24d (00009340)     _DesiredRounds
00009360     24d (00009340)     _IsrTicker
00009362     24d (00009340)     _VdTesting
00009364     24d (00009340)     _IdRef
00009366     24d (00009340)     _VqTesting
00009368     24d (00009340)     _A_Task_Ptr
0000936a     24d (00009340)     _Alpha_State_Ptr
0000936c     24d (00009340)     _C_Task_Ptr
0000936e     24d (00009340)     _IqRef
00009370     24d (00009340)     _B_Task_Ptr
00009372     24d (00009340)     _VTimer1
00009376     24d (00009340)     _VTimer0
0000937a     24d (00009340)     _eCAP

00009380     24e (00009380)     _VTimer2
00009384     24e (00009380)     _eQEP
00009388     24e (00009380)     _pwmdac1
0000938e     24e (00009380)     _pwm1
00009398     24e (00009380)     _clarke1
000093a2     24e (00009380)     _rg1
000093ae     24e (00009380)     _ipark1

000093c0     24f (000093c0)     _park1
000093ce     24f (000093c0)     _ACQPS
000093de     24f (000093c0)     _ePWM
000093ee     24f (000093c0)     _rc1

00009400     250 (00009400)     _ChSel
00009410     250 (00009400)     _TrigSel
00009420     250 (00009400)     _svgen1

00009440     251 (00009440)     _speed1
00009454     251 (00009440)     _dlog
0000946a     251 (00009440)     _qep1

00009480     252 (00009480)     _pi_id
00009498     252 (00009480)     _pi_spd

000094c0     253 (000094c0)     _pi_iq

003d7e80    f5fa (003d7e80)     _PartIdRegs

003f6d79    fdb5 (003f6d40)     __IQ24sinPU

003f6da2    fdb6 (003f6d80)     __IQ24cosPU

003f7ff8    fdff (003f7fc0)     _CsmPwl

003fe000    ff80 (003fe000)     _IQsinTable

003fe100    ff84 (003fe100)     _IQcosTable

003fe400    ff90 (003fe400)     _IQsinTableEnd

003fe502    ff94 (003fe500)     _IQcosTableEnd
003fe502    ff94 (003fe500)     _IQdivRoundSatTable
003fe510    ff94 (003fe500)     _IQdivTable

003fe712    ff9c (003fe700)     _IQdivTableEnd
003fe712    ff9c (003fe700)     _IQisqrtRoundSatTable
003fe712    ff9c (003fe700)     _IQsqrtRoundSatTable
003fe722    ff9c (003fe700)     _IQisqrtTable
003fe722    ff9c (003fe700)     _IQsqrtTable

003fe824    ffa0 (003fe800)     _IQatan2HalfPITable
003fe824    ffa0 (003fe800)     _IQisqrtTableEnd
003fe824    ffa0 (003fe800)     _IQsqrtTableEnd

003fe862    ffa1 (003fe840)     _IQatan2Table

003fe9e8    ffa7 (003fe9c0)     _IQ30mpyRndSatTable
003fe9e8    ffa7 (003fe9c0)     _IQatan2TableEnd
003fe9e8    ffa7 (003fe9c0)     _IQmpyRndSatTable
003fe9f4    ffa7 (003fe9c0)     _IQ29mpyRndSatTable

003fea00    ffa8 (003fea00)     _IQ28mpyRndSatTable
003fea0c    ffa8 (003fea00)     _IQ27mpyRndSatTable
003fea18    ffa8 (003fea00)     _IQ26mpyRndSatTable
003fea24    ffa8 (003fea00)     _IQ25mpyRndSatTable
003fea30    ffa8 (003fea00)     _IQ24mpyRndSatTable
003fea3c    ffa8 (003fea00)     _IQ23mpyRndSatTable

003fea48    ffa9 (003fea40)     _IQ22mpyRndSatTable
003fea54    ffa9 (003fea40)     _IQ21mpyRndSatTable
003fea60    ffa9 (003fea40)     _IQ20mpyRndSatTable
003fea6c    ffa9 (003fea40)     _IQ19mpyRndSatTable
003fea78    ffa9 (003fea40)     _IQ18mpyRndSatTable

003fea84    ffaa (003fea80)     _IQ17mpyRndSatTable
003fea90    ffaa (003fea80)     _IQ16mpyRndSatTable
003fea9c    ffaa (003fea80)     _IQ15mpyRndSatTable
003feaa8    ffaa (003fea80)     _IQ14mpyRndSatTable
003feab4    ffaa (003fea80)     _IQ13mpyRndSatTable

003feac0    ffab (003feac0)     _IQ12mpyRndSatTable
003feacc    ffab (003feac0)     _IQ11mpyRndSatTable
003fead8    ffab (003feac0)     _IQ10mpyRndSatTable
003feae4    ffab (003feac0)     _IQ9mpyRndSatTable
003feaf0    ffab (003feac0)     _IQ8mpyRndSatTable
003feafc    ffab (003feac0)     _IQ7mpyRndSatTable

003feb08    ffac (003feb00)     _IQ6mpyRndSatTable
003feb14    ffac (003feb00)     _IQ5mpyRndSatTable
003feb20    ffac (003feb00)     _IQ4mpyRndSatTable
003feb2c    ffac (003feb00)     _IQ3mpyRndSatTable
003feb38    ffac (003feb00)     _IQ2mpyRndSatTable

003feb44    ffad (003feb40)     _IQ1mpyRndSatTable
003feb50    ffad (003feb40)     _IQmpyRndSatTableEnd


GLOBAL SYMBOLS: SORTED ALPHABETICALLY BY Name 

page  address   name                 
----  -------   ----                 
0     003f6000  .text                
0     003f6b1b  C$$EXIT              
0     003f6800  FD$$MPY              
0     003f6a90  FD$$TOL              
0     003f690b  FS$$ADD              
0     003f6b34  FS$$CMP              
0     003f6883  FS$$DIV              
0     003f697e  FS$$MPY              
0     003f6906  FS$$SUB              
0     003f6acc  FS$$TOFD             
0     003f6a67  FS$$TOL              
0     003f6aaf  FS$$TOU              
0     003f6ae8  L$$TOFS              
0     003f6b5e  U$$TOFS              
0     003f6b4b  UL$$TOFS             
0     003f6555  _A0                  
0     003f6598  _A1                  
0     003f65a9  _A2                  
0     003f65af  _A3                  
1     000093ce  _ACQPS               
1     00009368  _A_Task_Ptr          
1     00007100  _AdcRegs             
1     00000b00  _AdcResult           
1     0000936a  _Alpha_State_Ptr     
0     003f656c  _B0                  
0     003f65b5  _B1                  
0     003f65bb  _B2                  
0     003f65c1  _B3                  
1     00009370  _B_Task_Ptr          
1     0000934b  _BackTicker          
0     003f6582  _C0                  
0     003f65c7  _C1                  
0     003f65ed  _C2                  
0     003f65f3  _C3                  
1     0000936c  _C_Task_Ptr          
1     00009400  _ChSel               
1     00001400  _Cla1Regs            
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
1     00000c00  _CpuTimer0Regs       
1     00000c08  _CpuTimer1Regs       
1     00000c10  _CpuTimer2Regs       
1     003f7ff8  _CsmPwl              
1     00000ae0  _CsmRegs             
0     003f69d8  _DLOG_4CH_init       
0     003f69e3  _DLOG_4CH_update     
0     000084c7  _DSP28x_usDelay      
1     0000935e  _DesiredRounds       
1     00000880  _DevEmuRegs          
0     003f663f  _DeviceInit          
1     00009343  _DlogCh1             
1     00009342  _DlogCh2             
1     00009349  _DlogCh3             
1     0000934a  _DlogCh4             
1     00006040  _ECanaLAMRegs        
1     000060c0  _ECanaMOTORegs       
1     00006080  _ECanaMOTSRegs       
1     00006100  _ECanaMboxes         
1     00006000  _ECanaRegs           
1     00006a00  _ECap1Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006b00  _EQep1Regs           
1     00000d01  _EmuBMode            
1     00000d00  _EmuKey              
1     00009347  _EnableFlag          
1     00000a80  _FlashRegs           
1     00000d04  _Flash_CPUScaleFactor
1     00000d02  _Flash_CallbackPtr   
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
0     003f65f9  _HVDMC_Protection    
1     00007900  _I2caRegs            
0     003fead8  _IQ10mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003feb44  _IQ1mpyRndSatTable   
0     003fea60  _IQ20mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fe9f4  _IQ29mpyRndSatTable  
0     003feb38  _IQ2mpyRndSatTable   
0     003fe9e8  _IQ30mpyRndSatTable  
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feae4  _IQ9mpyRndSatTable   
0     003fe824  _IQatan2HalfPITable  
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQatan2TableEnd     
0     003fe100  _IQcosTable          
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe722  _IQisqrtTable        
0     003fe824  _IQisqrtTableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003feb50  _IQmpyRndSatTableEnd 
0     003fe000  _IQsinTable          
0     003fe400  _IQsinTableEnd       
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQsqrtTable         
0     003fe824  _IQsqrtTableEnd      
0     003f6b7f  _ISR_ILLEGAL         
1     00009364  _IdRef               
0     000084ac  _InitFlash           
1     00009340  _Init_IFlag          
1     0000936e  _IqRef               
1     00009360  _IsrTicker           
1     00009350  _K1                  
1     00009354  _K2                  
1     00006c00  _LinaRegs            
1     00009348  _LockRotorFlag       
0     00008000  _MainISR             
0     003f67eb  _MemCopy             
1     00007060  _NmiIntruptRegs      
1     00009344  _OffsetFlag          
0     0000843c  _OffsetISR           
0     003f6774  _PLLset              
1     003d7e80  _PartIdRegs          
0     003f67ae  _PieCntlInit         
1     00000ce0  _PieCtrlRegs         
1     00000d00  _PieVectTable        
0     003f67cd  _PieVectTableInit    
0     003f04cb  _RamfuncsLoadEnd     
0     003f0000  _RamfuncsLoadStart   
0     00008000  _RamfuncsRunStart    
1     00007050  _SciaRegs            
1     00009345  _SerialCommsTimer    
1     0000934d  _SpeedLoopCount      
1     0000934c  _SpeedLoopPrescaler  
1     0000935a  _SpeedRef            
1     00007040  _SpiaRegs            
1     00007740  _SpibRegs            
1     00007010  _SysCtrlRegs         
1     0000935c  _T                   
1     00009358  _TotalRounds         
1     00009410  _TrigSel             
1     00009341  _TripFlagDMC         
1     00009376  _VTimer0             
1     00009372  _VTimer1             
1     00009380  _VTimer2             
1     00009362  _VdTesting           
1     00009366  _VqTesting           
0     003f676c  _WDogDisable         
1     00007070  _XIntruptRegs        
0     003f6da2  __IQ24cosPU          
0     003f6d79  __IQ24sinPU          
1     000003d0  __STACK_END          
abs   00000380  __STACK_SIZE         
1     00009320  ___TI_cleanup_ptr    
1     00009322  ___TI_dtors_ptr      
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
0     003f6b84  ___cinit__           
0     003f6b84  ___etext__           
abs   ffffffff  ___pinit__           
0     003f6000  ___text__            
0     003f6b02  __args_main          
1     00009324  __lock               
0     003f6b76  __nop                
0     003f6b72  __register_lock      
0     003f6b6e  __register_unlock    
1     00000050  __stack              
1     00009326  __unlock             
0     003f6b1b  _abort               
0     003f6a23  _c_int00             
1     00009398  _clarke1             
1     00009454  _dlog                
1     0000937a  _eCAP                
1     000093de  _ePWM                
1     00009384  _eQEP                
0     003f6b1d  _exit                
1     000093ae  _ipark1              
1     00009346  _lsw                 
0     003f6000  _main                
1     00009356  _offsetA             
1     0000934e  _offsetB             
1     00009352  _offsetC             
1     000093c0  _park1               
1     00009480  _pi_id               
1     000094c0  _pi_iq               
1     00009498  _pi_spd              
1     0000938e  _pwm1                
1     00009388  _pwmdac1             
1     0000946a  _qep1                
1     000093ee  _rc1                 
1     000093a2  _rg1                 
1     00009440  _speed1              
1     00009420  _svgen1              
abs   ffffffff  binit                
0     003f6b84  cinit                
0     003f7ff6  code_start           
0     003f6b84  etext                
abs   ffffffff  pinit                


GLOBAL SYMBOLS: SORTED BY Symbol Address 

page  address   name                 
----  -------   ----                 
0     00008000  _MainISR             
0     00008000  _RamfuncsRunStart    
0     0000843c  _OffsetISR           
0     000084ac  _InitFlash           
0     000084c7  _DSP28x_usDelay      
0     003f0000  _RamfuncsLoadStart   
0     003f04cb  _RamfuncsLoadEnd     
0     003f6000  .text                
0     003f6000  ___text__            
0     003f6000  _main                
0     003f6555  _A0                  
0     003f656c  _B0                  
0     003f6582  _C0                  
0     003f6598  _A1                  
0     003f65a9  _A2                  
0     003f65af  _A3                  
0     003f65b5  _B1                  
0     003f65bb  _B2                  
0     003f65c1  _B3                  
0     003f65c7  _C1                  
0     003f65ed  _C2                  
0     003f65f3  _C3                  
0     003f65f9  _HVDMC_Protection    
0     003f663f  _DeviceInit          
0     003f676c  _WDogDisable         
0     003f6774  _PLLset              
0     003f67ae  _PieCntlInit         
0     003f67cd  _PieVectTableInit    
0     003f67eb  _MemCopy             
0     003f6800  FD$$MPY              
0     003f6883  FS$$DIV              
0     003f6906  FS$$SUB              
0     003f690b  FS$$ADD              
0     003f697e  FS$$MPY              
0     003f69d8  _DLOG_4CH_init       
0     003f69e3  _DLOG_4CH_update     
0     003f6a23  _c_int00             
0     003f6a67  FS$$TOL              
0     003f6a90  FD$$TOL              
0     003f6aaf  FS$$TOU              
0     003f6acc  FS$$TOFD             
0     003f6ae8  L$$TOFS              
0     003f6b02  __args_main          
0     003f6b1b  C$$EXIT              
0     003f6b1b  _abort               
0     003f6b1d  _exit                
0     003f6b34  FS$$CMP              
0     003f6b4b  UL$$TOFS             
0     003f6b5e  U$$TOFS              
0     003f6b6e  __register_unlock    
0     003f6b72  __register_lock      
0     003f6b76  __nop                
0     003f6b7f  _ISR_ILLEGAL         
0     003f6b84  ___cinit__           
0     003f6b84  ___etext__           
0     003f6b84  cinit                
0     003f6b84  etext                
0     003f6d79  __IQ24sinPU          
0     003f6da2  __IQ24cosPU          
0     003f7ff6  code_start           
0     003fe000  _IQsinTable          
0     003fe100  _IQcosTable          
0     003fe400  _IQsinTableEnd       
0     003fe502  _IQcosTableEnd       
0     003fe502  _IQdivRoundSatTable  
0     003fe510  _IQdivTable          
0     003fe712  _IQdivTableEnd       
0     003fe712  _IQisqrtRoundSatTable
0     003fe712  _IQsqrtRoundSatTable 
0     003fe722  _IQisqrtTable        
0     003fe722  _IQsqrtTable         
0     003fe824  _IQatan2HalfPITable  
0     003fe824  _IQisqrtTableEnd     
0     003fe824  _IQsqrtTableEnd      
0     003fe862  _IQatan2Table        
0     003fe9e8  _IQ30mpyRndSatTable  
0     003fe9e8  _IQatan2TableEnd     
0     003fe9e8  _IQmpyRndSatTable    
0     003fe9f4  _IQ29mpyRndSatTable  
0     003fea00  _IQ28mpyRndSatTable  
0     003fea0c  _IQ27mpyRndSatTable  
0     003fea18  _IQ26mpyRndSatTable  
0     003fea24  _IQ25mpyRndSatTable  
0     003fea30  _IQ24mpyRndSatTable  
0     003fea3c  _IQ23mpyRndSatTable  
0     003fea48  _IQ22mpyRndSatTable  
0     003fea54  _IQ21mpyRndSatTable  
0     003fea60  _IQ20mpyRndSatTable  
0     003fea6c  _IQ19mpyRndSatTable  
0     003fea78  _IQ18mpyRndSatTable  
0     003fea84  _IQ17mpyRndSatTable  
0     003fea90  _IQ16mpyRndSatTable  
0     003fea9c  _IQ15mpyRndSatTable  
0     003feaa8  _IQ14mpyRndSatTable  
0     003feab4  _IQ13mpyRndSatTable  
0     003feac0  _IQ12mpyRndSatTable  
0     003feacc  _IQ11mpyRndSatTable  
0     003fead8  _IQ10mpyRndSatTable  
0     003feae4  _IQ9mpyRndSatTable   
0     003feaf0  _IQ8mpyRndSatTable   
0     003feafc  _IQ7mpyRndSatTable   
0     003feb08  _IQ6mpyRndSatTable   
0     003feb14  _IQ5mpyRndSatTable   
0     003feb20  _IQ4mpyRndSatTable   
0     003feb2c  _IQ3mpyRndSatTable   
0     003feb38  _IQ2mpyRndSatTable   
0     003feb44  _IQ1mpyRndSatTable   
0     003feb50  _IQmpyRndSatTableEnd 
1     00000050  __stack              
1     000003d0  __STACK_END          
1     00000880  _DevEmuRegs          
1     00000a80  _FlashRegs           
1     00000ae0  _CsmRegs             
1     00000b00  _AdcResult           
1     00000c00  _CpuTimer0Regs       
1     00000c08  _CpuTimer1Regs       
1     00000c10  _CpuTimer2Regs       
1     00000ce0  _PieCtrlRegs         
1     00000d00  _EmuKey              
1     00000d00  _PieVectTable        
1     00000d01  _EmuBMode            
1     00000d02  _Flash_CallbackPtr   
1     00000d04  _Flash_CPUScaleFactor
1     00001400  _Cla1Regs            
1     00006000  _ECanaRegs           
1     00006040  _ECanaLAMRegs        
1     00006080  _ECanaMOTSRegs       
1     000060c0  _ECanaMOTORegs       
1     00006100  _ECanaMboxes         
1     00006400  _Comp1Regs           
1     00006420  _Comp2Regs           
1     00006440  _Comp3Regs           
1     00006800  _EPwm1Regs           
1     00006840  _EPwm2Regs           
1     00006880  _EPwm3Regs           
1     000068c0  _EPwm4Regs           
1     00006900  _EPwm5Regs           
1     00006940  _EPwm6Regs           
1     00006980  _EPwm7Regs           
1     00006a00  _ECap1Regs           
1     00006b00  _EQep1Regs           
1     00006c00  _LinaRegs            
1     00006f80  _GpioCtrlRegs        
1     00006fc0  _GpioDataRegs        
1     00006fe0  _GpioIntRegs         
1     00007010  _SysCtrlRegs         
1     00007040  _SpiaRegs            
1     00007050  _SciaRegs            
1     00007060  _NmiIntruptRegs      
1     00007070  _XIntruptRegs        
1     00007100  _AdcRegs             
1     00007740  _SpibRegs            
1     00007900  _I2caRegs            
1     00009320  ___TI_cleanup_ptr    
1     00009322  ___TI_dtors_ptr      
1     00009324  __lock               
1     00009326  __unlock             
1     00009340  _Init_IFlag          
1     00009341  _TripFlagDMC         
1     00009342  _DlogCh2             
1     00009343  _DlogCh1             
1     00009344  _OffsetFlag          
1     00009345  _SerialCommsTimer    
1     00009346  _lsw                 
1     00009347  _EnableFlag          
1     00009348  _LockRotorFlag       
1     00009349  _DlogCh3             
1     0000934a  _DlogCh4             
1     0000934b  _BackTicker          
1     0000934c  _SpeedLoopPrescaler  
1     0000934d  _SpeedLoopCount      
1     0000934e  _offsetB             
1     00009350  _K1                  
1     00009352  _offsetC             
1     00009354  _K2                  
1     00009356  _offsetA             
1     00009358  _TotalRounds         
1     0000935a  _SpeedRef            
1     0000935c  _T                   
1     0000935e  _DesiredRounds       
1     00009360  _IsrTicker           
1     00009362  _VdTesting           
1     00009364  _IdRef               
1     00009366  _VqTesting           
1     00009368  _A_Task_Ptr          
1     0000936a  _Alpha_State_Ptr     
1     0000936c  _C_Task_Ptr          
1     0000936e  _IqRef               
1     00009370  _B_Task_Ptr          
1     00009372  _VTimer1             
1     00009376  _VTimer0             
1     0000937a  _eCAP                
1     00009380  _VTimer2             
1     00009384  _eQEP                
1     00009388  _pwmdac1             
1     0000938e  _pwm1                
1     00009398  _clarke1             
1     000093a2  _rg1                 
1     000093ae  _ipark1              
1     000093c0  _park1               
1     000093ce  _ACQPS               
1     000093de  _ePWM                
1     000093ee  _rc1                 
1     00009400  _ChSel               
1     00009410  _TrigSel             
1     00009420  _svgen1              
1     00009440  _speed1              
1     00009454  _dlog                
1     0000946a  _qep1                
1     00009480  _pi_id               
1     00009498  _pi_spd              
1     000094c0  _pi_iq               
1     003d7e80  _PartIdRegs          
1     003f7ff8  _CsmPwl              
abs   00000380  __STACK_SIZE         
abs   ffffffff  ___binit__           
abs   ffffffff  ___c_args__          
abs   ffffffff  ___pinit__           
abs   ffffffff  binit                
abs   ffffffff  pinit                

[220 symbols]







Appendix A/HVPM_Sensored/F2803x_FLASH/objects.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

USER_OBJS :=

LIBS := -l"rts2800_ml.lib"








Appendix A/BLDC_Testing/F2803x_FLASH/objects.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

USER_OBJS :=

LIBS := -l"rts2800_ml.lib"








Appendix A/HVPM_Sensored/F2803x_FLASH/sources.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

O_SRCS := 
CPP_SRCS := 
K_SRCS := 
LD_SRCS := 
S67_SRCS := 
LDS_SRCS := 
CMD_SRCS := 
CXX_SRCS := 
CMD_UPPER_SRCS := 
C43_SRCS := 
S55_SRCS := 
LD_UPPER_SRCS := 
C62_SRCS := 
S_UPPER_SRCS := 
A_SRCS := 
SA_SRCS := 
C55_SRCS := 
LDS_UPPER_SRCS := 
C_UPPER_SRCS := 
INO_SRCS := 
OBJ_SRCS := 
S62_SRCS := 
LIB_SRCS := 
PDE_SRCS := 
ASM_SRCS := 
ASM_UPPER_SRCS := 
C++_SRCS := 
CLA_SRCS := 
S??_SRCS := 
C_SRCS := 
C67_SRCS := 
S_SRCS := 
S43_SRCS := 
OPT_SRCS := 
C64_SRCS := 
CC_SRCS := 
C??_SRCS := 
S64_SRCS := 
OBJS := 
S_DEPS := 
S_UPPER_DEPS := 
S62_DEPS := 
C64_DEPS := 
ASM_DEPS := 
CC_DEPS := 
S55_DEPS := 
C67_DEPS := 
CLA_DEPS := 
C??_DEPS := 
CPP_DEPS := 
S??_DEPS := 
C_DEPS := 
C62_DEPS := 
EXE_OUTPUTS := 
CXX_DEPS := 
C++_DEPS := 
ASM_UPPER_DEPS := 
K_DEPS := 
C43_DEPS := 
INO_DEPS := 
S67_DEPS := 
SA_DEPS := 
S43_DEPS := 
OPT_DEPS := 
PDE_DEPS := 
S64_DEPS := 
C_UPPER_DEPS := 
C55_DEPS := 
CPP_DEPS__QUOTED := 
C67_DEPS__QUOTED := 
INO_DEPS__QUOTED := 
C??_DEPS__QUOTED := 
S_UPPER_DEPS__QUOTED := 
CLA_DEPS__QUOTED := 
ASM_UPPER_DEPS__QUOTED := 
C62_DEPS__QUOTED := 
CXX_DEPS__QUOTED := 
EXE_OUTPUTS__QUOTED := 
S67_DEPS__QUOTED := 
C_DEPS__QUOTED := 
C_UPPER_DEPS__QUOTED := 
OPT_DEPS__QUOTED := 
S_DEPS__QUOTED := 
K_DEPS__QUOTED := 
S??_DEPS__QUOTED := 
C64_DEPS__QUOTED := 
C++_DEPS__QUOTED := 
OBJS__QUOTED := 
CC_DEPS__QUOTED := 
S43_DEPS__QUOTED := 
S55_DEPS__QUOTED := 
SA_DEPS__QUOTED := 
C55_DEPS__QUOTED := 
PDE_DEPS__QUOTED := 
C43_DEPS__QUOTED := 
S62_DEPS__QUOTED := 
ASM_DEPS__QUOTED := 
S64_DEPS__QUOTED := 

# Every subdirectory with source files must be described here
SUBDIRS := \
. \








Appendix A/BLDC_Testing/F2803x_FLASH/sources.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

O_SRCS := 
CPP_SRCS := 
K_SRCS := 
LD_SRCS := 
S67_SRCS := 
LDS_SRCS := 
CMD_SRCS := 
CXX_SRCS := 
CMD_UPPER_SRCS := 
C43_SRCS := 
S55_SRCS := 
LD_UPPER_SRCS := 
C62_SRCS := 
S_UPPER_SRCS := 
A_SRCS := 
SA_SRCS := 
C55_SRCS := 
LDS_UPPER_SRCS := 
C_UPPER_SRCS := 
INO_SRCS := 
OBJ_SRCS := 
S62_SRCS := 
LIB_SRCS := 
PDE_SRCS := 
ASM_SRCS := 
ASM_UPPER_SRCS := 
C++_SRCS := 
CLA_SRCS := 
S??_SRCS := 
C_SRCS := 
C67_SRCS := 
S_SRCS := 
S43_SRCS := 
OPT_SRCS := 
C64_SRCS := 
CC_SRCS := 
C??_SRCS := 
S64_SRCS := 
OBJS := 
S_DEPS := 
S_UPPER_DEPS := 
S62_DEPS := 
C64_DEPS := 
ASM_DEPS := 
CC_DEPS := 
S55_DEPS := 
C67_DEPS := 
CLA_DEPS := 
C??_DEPS := 
CPP_DEPS := 
S??_DEPS := 
C_DEPS := 
C62_DEPS := 
EXE_OUTPUTS := 
CXX_DEPS := 
C++_DEPS := 
ASM_UPPER_DEPS := 
K_DEPS := 
C43_DEPS := 
INO_DEPS := 
S67_DEPS := 
SA_DEPS := 
S43_DEPS := 
OPT_DEPS := 
PDE_DEPS := 
S64_DEPS := 
C_UPPER_DEPS := 
C55_DEPS := 
CPP_DEPS__QUOTED := 
C67_DEPS__QUOTED := 
INO_DEPS__QUOTED := 
C??_DEPS__QUOTED := 
S_UPPER_DEPS__QUOTED := 
CLA_DEPS__QUOTED := 
ASM_UPPER_DEPS__QUOTED := 
C62_DEPS__QUOTED := 
CXX_DEPS__QUOTED := 
EXE_OUTPUTS__QUOTED := 
S67_DEPS__QUOTED := 
C_DEPS__QUOTED := 
C_UPPER_DEPS__QUOTED := 
OPT_DEPS__QUOTED := 
S_DEPS__QUOTED := 
K_DEPS__QUOTED := 
S??_DEPS__QUOTED := 
C64_DEPS__QUOTED := 
C++_DEPS__QUOTED := 
OBJS__QUOTED := 
CC_DEPS__QUOTED := 
S43_DEPS__QUOTED := 
S55_DEPS__QUOTED := 
SA_DEPS__QUOTED := 
C55_DEPS__QUOTED := 
PDE_DEPS__QUOTED := 
C43_DEPS__QUOTED := 
S62_DEPS__QUOTED := 
ASM_DEPS__QUOTED := 
S64_DEPS__QUOTED := 

# Every subdirectory with source files must be described here
SUBDIRS := \
. \








Appendix A/HVPM_Sensored/F2803x_FLASH/subdir_rules.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Each subdirectory must supply rules for building sources it contributes
DLOG4CHC.obj: ../DLOG4CHC.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DLOG4CHC.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_CodeStartBranch.obj: C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_CodeStartBranch.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_GlobalVariableDefs.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_usDelay.obj: ../DSP2803x_usDelay.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_usDelay.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVPM_Sensored-DevInit_F2803x.obj: ../HVPM_Sensored-DevInit_F2803x.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVPM_Sensored-DevInit_F2803x.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVPM_Sensored.obj: ../HVPM_Sensored.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVPM_Sensored.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '









Appendix A/BLDC_Testing/F2803x_FLASH/subdir_rules.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Each subdirectory must supply rules for building sources it contributes
DLOG4CHC.obj: ../DLOG4CHC.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DLOG4CHC.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_CodeStartBranch.obj: C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_CodeStartBranch.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_CpuTimers.obj: ../DSP2803x_CpuTimers.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_CpuTimers.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_GlobalVariableDefs.obj: ../DSP2803x_GlobalVariableDefs.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_GlobalVariableDefs.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

DSP2803x_usDelay.obj: ../DSP2803x_usDelay.asm $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="DSP2803x_usDelay.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVBLDC_Sensorless-DevInit_F2803x.obj: ../HVBLDC_Sensorless-DevInit_F2803x.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVBLDC_Sensorless-DevInit_F2803x.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '

HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless.c $(GEN_OPTS) $(GEN_HDRS)
	@echo 'Building file: $<'
	@echo 'Invoking: C2000 Compiler'
	"C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/bin/cl2000" -v28 -ml -g --include_path="C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include" --include_path="C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0" --include_path="C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include" --include_path="C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include" --include_path="C:/ti/controlSUITE/libs/math/IQmath/v15c/include" --define="_DEBUG" --define="LARGE_MODEL" --define="FLASH" --quiet --diag_warning=225 --preproc_with_compile --preproc_dependency="HVBLDC_Sensorless.pp" $(GEN_OPTS__FLAG) "$<"
	@echo 'Finished building: $<'
	@echo ' '









Appendix A/HVPM_Sensored/F2803x_FLASH/subdir_vars.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Add inputs and outputs from these tool invocations to the build variables 
CMD_SRCS += \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd 

CMD_UPPER_SRCS += \
../F28035_FLASH_HVPM_Sensored.CMD 

LIB_SRCS += \
C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib 

ASM_SRCS += \
../DLOG4CHC.asm \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm \
../DSP2803x_usDelay.asm 

C_SRCS += \
C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c \
../HVPM_Sensored-DevInit_F2803x.c \
../HVPM_Sensored.c 

OBJS += \
./DLOG4CHC.obj \
./DSP2803x_CodeStartBranch.obj \
./DSP2803x_GlobalVariableDefs.obj \
./DSP2803x_usDelay.obj \
./HVPM_Sensored-DevInit_F2803x.obj \
./HVPM_Sensored.obj 

ASM_DEPS += \
./DLOG4CHC.pp \
./DSP2803x_CodeStartBranch.pp \
./DSP2803x_usDelay.pp 

C_DEPS += \
./DSP2803x_GlobalVariableDefs.pp \
./HVPM_Sensored-DevInit_F2803x.pp \
./HVPM_Sensored.pp 

C_DEPS__QUOTED += \
"DSP2803x_GlobalVariableDefs.pp" \
"HVPM_Sensored-DevInit_F2803x.pp" \
"HVPM_Sensored.pp" 

OBJS__QUOTED += \
"DLOG4CHC.obj" \
"DSP2803x_CodeStartBranch.obj" \
"DSP2803x_GlobalVariableDefs.obj" \
"DSP2803x_usDelay.obj" \
"HVPM_Sensored-DevInit_F2803x.obj" \
"HVPM_Sensored.obj" 

ASM_DEPS__QUOTED += \
"DLOG4CHC.pp" \
"DSP2803x_CodeStartBranch.pp" \
"DSP2803x_usDelay.pp" 

ASM_SRCS__QUOTED += \
"../DLOG4CHC.asm" \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm" \
"../DSP2803x_usDelay.asm" 

C_SRCS__QUOTED += \
"C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c" \
"../HVPM_Sensored-DevInit_F2803x.c" \
"../HVPM_Sensored.c" 









Appendix A/BLDC_Testing/F2803x_FLASH/subdir_vars.mk

################################################################################
# Automatically-generated file. Do not edit!
################################################################################

# Add inputs and outputs from these tool invocations to the build variables 
CMD_SRCS += \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_headers/cmd/DSP2803x_Headers_nonBIOS.cmd 

CMD_UPPER_SRCS += \
../F28035_FLASH_HVBLDC_Sensorless.CMD 

LIB_SRCS += \
C:/ti/controlSUITE/libs/math/IQmath/v15c/lib/IQmath.lib 

ASM_SRCS += \
../DLOG4CHC.asm \
C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm \
../DSP2803x_usDelay.asm 

C_SRCS += \
../DSP2803x_CpuTimers.c \
../DSP2803x_GlobalVariableDefs.c \
../HVBLDC_Sensorless-DevInit_F2803x.c \
../HVBLDC_Sensorless.c 

OBJS += \
./DLOG4CHC.obj \
./DSP2803x_CodeStartBranch.obj \
./DSP2803x_CpuTimers.obj \
./DSP2803x_GlobalVariableDefs.obj \
./DSP2803x_usDelay.obj \
./HVBLDC_Sensorless-DevInit_F2803x.obj \
./HVBLDC_Sensorless.obj 

ASM_DEPS += \
./DLOG4CHC.pp \
./DSP2803x_CodeStartBranch.pp \
./DSP2803x_usDelay.pp 

C_DEPS += \
./DSP2803x_CpuTimers.pp \
./DSP2803x_GlobalVariableDefs.pp \
./HVBLDC_Sensorless-DevInit_F2803x.pp \
./HVBLDC_Sensorless.pp 

C_DEPS__QUOTED += \
"DSP2803x_CpuTimers.pp" \
"DSP2803x_GlobalVariableDefs.pp" \
"HVBLDC_Sensorless-DevInit_F2803x.pp" \
"HVBLDC_Sensorless.pp" 

OBJS__QUOTED += \
"DLOG4CHC.obj" \
"DSP2803x_CodeStartBranch.obj" \
"DSP2803x_CpuTimers.obj" \
"DSP2803x_GlobalVariableDefs.obj" \
"DSP2803x_usDelay.obj" \
"HVBLDC_Sensorless-DevInit_F2803x.obj" \
"HVBLDC_Sensorless.obj" 

ASM_DEPS__QUOTED += \
"DLOG4CHC.pp" \
"DSP2803x_CodeStartBranch.pp" \
"DSP2803x_usDelay.pp" 

ASM_SRCS__QUOTED += \
"../DLOG4CHC.asm" \
"C:/ti/controlSUITE/device_support/f2803x/v121/DSP2803x_common/source/DSP2803x_CodeStartBranch.asm" \
"../DSP2803x_usDelay.asm" 

C_SRCS__QUOTED += \
"../DSP2803x_CpuTimers.c" \
"../DSP2803x_GlobalVariableDefs.c" \
"../HVBLDC_Sensorless-DevInit_F2803x.c" \
"../HVBLDC_Sensorless.c" 









Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_CpuTimers.pp

# FIXED

DSP2803x_CpuTimers.obj: ../DSP2803x_CpuTimers.c
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Device.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_HRCap.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Examples.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_GlobalPrototypes.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_I2C_defines.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Cla_Defines.h
DSP2803x_CpuTimers.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_DefaultISR.h

../DSP2803x_CpuTimers.c: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Device.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_HRCap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Examples.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_GlobalPrototypes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_I2C_defines.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_Cla_Defines.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_DefaultISR.h: 







Appendix A/HVPM_Sensored/F2803x_FLASH/DSP2803x_GlobalVariableDefs.pp

# FIXED

DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

C:/ti/controlSUITE/development_kits/~SupportFiles/source/DSP2803x_GlobalVariableDefs.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/BLDC_Testing/F2803x_FLASH/DSP2803x_GlobalVariableDefs.pp

# FIXED

DSP2803x_GlobalVariableDefs.obj: ../DSP2803x_GlobalVariableDefs.c
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
DSP2803x_GlobalVariableDefs.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

../DSP2803x_GlobalVariableDefs.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless-DevInit_F2803x.pp

# FIXED

HVBLDC_Sensorless-DevInit_F2803x.obj: ../HVBLDC_Sensorless-DevInit_F2803x.c
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVBLDC_Sensorless-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

../HVBLDC_Sensorless-DevInit_F2803x.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/BLDC_Testing/F2803x_FLASH/HVBLDC_Sensorless.pp

# FIXED

HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless.c
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/math/IQmath/v15c/include/IQmathLib.h
HVBLDC_Sensorless.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/limits.h
HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/com_trig.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/pi.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp2cntl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp3cntl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/impulse.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/mod6_cnt.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_pr.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_fr.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp_cntl.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xileg_vdc.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/f2803xbmsk.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xbldcpwm.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xdrvlib.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xqep.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwmdac.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h
HVBLDC_Sensorless.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xhall_gpio.h
HVBLDC_Sensorless.obj: ../dlog4ch-HVBLDC_Sensorless.h
HVBLDC_Sensorless.obj: ../HVBLDC_Sensorless-Settings.h
HVBLDC_Sensorless.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/math.h
HVBLDC_Sensorless.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/linkage.h

../HVBLDC_Sensorless.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 
C:/ti/controlSUITE/libs/math/IQmath/v15c/include/IQmathLib.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/limits.h: 
../HVBLDC_Sensorless.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/com_trig.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/pi.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp2cntl.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp3cntl.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/impulse.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/mod6_cnt.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_pr.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_fr.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp_cntl.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xileg_vdc.h: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/f2803xbmsk.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xbldcpwm.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xdrvlib.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xqep.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwmdac.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h: 
C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xhall_gpio.h: 
../dlog4ch-HVBLDC_Sensorless.h: 
../HVBLDC_Sensorless-Settings.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/math.h: 
C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/linkage.h: 







Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored-DevInit_F2803x.pp

# FIXED

HVPM_Sensored-DevInit_F2803x.obj: ../HVPM_Sensored-DevInit_F2803x.c
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVPM_Sensored-DevInit_F2803x.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h

../HVPM_Sensored-DevInit_F2803x.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h: 







Appendix A/HVPM_Sensored/F2803x_FLASH/HVPM_Sensored.pp

# FIXED

HVPM_Sensored.obj: ../HVPM_Sensored.c
HVPM_Sensored.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Gpio.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_I2c.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Lin.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_NmiIntrupt.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieCtrl.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_PieVect.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Spi.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Sci.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_SysCtrl.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_XIntrupt.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/math/IQmath/v15c/include/IQmathLib.h
HVPM_Sensored.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/limits.h
HVPM_Sensored.obj: ../HVPM_Sensored.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/park.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/ipark.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/pi.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/clarke.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/svgen.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rampgen.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/rmp_cntl.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/math_blocks/v4.0/speed_fr.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xileg_vdc.h
HVPM_Sensored.obj: C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/f2803xbmsk.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwm.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xdrvlib.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xpwmdac.h
HVPM_Sensored.obj: C:/ti/controlSUITE/libs/app_libs/motor_control/drivers/f2803x_v2.0/f2803xqep.h
HVPM_Sensored.obj: C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_common/include/DSP2803x_EPwm_defines.h
HVPM_Sensored.obj: ../dlog4ch-HVPM_Sensored.h
HVPM_Sensored.obj: ../HVPM_Sensored-Settings.h
HVPM_Sensored.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/math.h
HVPM_Sensored.obj: C:/ti/ccsv6/tools/compiler/ti-cgt-c2000_6.4.2/include/linkage.h

../HVPM_Sensored.c: 
C:/ti/controlSUITE/development_kits/~SupportFiles/F2803x_headers/PeripheralHeaderIncludes.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Adc.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_BootVars.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_DevEmu.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Cla.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_Comp.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_CpuTimers.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECan.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_ECap.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EPwm.h: 
C:/ti/controlSUITE/device_support/f2803x/v125/DSP2803x_headers/include/DSP2803x_EQep.h: 
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eclipse.preferences.version=1
inEditor=false
onBuild=false







Appendix A/HVPM_Sensored/.settings/org.eclipse.cdt.codan.core.prefs

eclipse.preferences.version=1
inEditor=false
onBuild=false
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eclipse.preferences.version=1
org.eclipse.cdt.debug.core.toggleBreakpointModel=com.ti.ccstudio.debug.CCSBreakpointMarker
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eclipse.preferences.version=1
org.eclipse.cdt.debug.core.toggleBreakpointModel=com.ti.ccstudio.debug.CCSBreakpointMarker
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eclipse.preferences.version=1
encoding//F2803x_FLASH/makefile=UTF-8
encoding//F2803x_FLASH/objects.mk=UTF-8
encoding//F2803x_FLASH/sources.mk=UTF-8
encoding//F2803x_FLASH/subdir_rules.mk=UTF-8
encoding//F2803x_FLASH/subdir_vars.mk=UTF-8
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eclipse.preferences.version=1
encoding//F2803x_FLASH/makefile=UTF-8
encoding//F2803x_FLASH/objects.mk=UTF-8
encoding//F2803x_FLASH/sources.mk=UTF-8
encoding//F2803x_FLASH/subdir_rules.mk=UTF-8
encoding//F2803x_FLASH/subdir_vars.mk=UTF-8
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	     off
	     boolean
	  
	   
	     [3, 1]
	     [720, 231, 725, 329]
	     -17
	     off
	     3
	     bar
	  
	   
	     [2, 1]
	     [670, 270, 690, 290]
	     -18
	     off
	     +-
	     off
	     double
	     off
	  
	   
	     [2, 1]
	     [670, 240, 690, 260]
	     -19
	     off
	     +-
	     off
	     double
	     off
	  
	   
	     [2, 1]
	     [670, 300, 690, 320]
	     -20
	     off
	     +-
	     off
	     double
	     off
	  
	   
	     [770, 273, 800, 287]
	     -21
	     Port number
	  
	   
	     1
	     68#out:1
	     [15, 0]
	     
	       2
	       77#in:1
	    
	     
	       3
	       [0, 65]
	       76#in:1
	    
	  
	   
	     4
	     77#out:1
	     75#in:1
	  
	   
	     5
	     76#out:3
	     [10, 0; 0, 110]
	     
	       6
	       80#in:1
	    
	     
	       7
	       [0, 165]
	       82#in:2
	    
	  
	   
	     8
	     76#out:2
	     [30, 0; 0, 55]
	     
	       9
	       79#in:1
	    
	     
	       10
	       [0, 150]
	       81#in:2
	    
	  
	   
	     11
	     76#out:1
	     [50, 0]
	     
	       12
	       78#in:1
	    
	     
	       13
	       [0, 365]
	       83#in:2
	    
	  
	   
	     14
	     75#out:3
	     [75, 0; 0, 125]
	     
	       15
	       79#in:2
	    
	     
	       16
	       [0, 270]
	       83#in:1
	    
	  
	   
	     17
	     75#out:2
	     [100, 0; 0, 70]
	     
	       18
	       78#in:2
	    
	     
	       19
	       [0, 265]
	       82#in:1
	    
	  
	   
	     20
	     75#out:1
	     [125, 0; 0, 210]
	     
	       21
	       80#in:2
	    
	     
	       22
	       [0, 55]
	       81#in:1
	    
	  
	   
	     23
	     78#out:1
	     70#in:1
	  
	   
	     24
	     86#out:1
	     84#in:1
	  
	   
	     25
	     85#out:1
	     84#in:2
	  
	   
	     26
	     87#out:1
	     84#in:3
	  
	   
	     27
	     84#out:1
	     88#in:1
	  
	   
	     28
	     79#out:1
	     69#in:1
	  
	   
	     29
	     80#out:1
	     71#in:1
	  
	   
	     30
	     81#out:1
	     72#in:1
	  
	   
	     31
	     82#out:1
	     73#in:1
	  
	   
	     32
	     83#out:1
	     74#in:1
	  
	   
	     33
	     70#out:1
	     [140, 0; 0, 130]
	     86#in:1
	  
	   
	     34
	     72#out:1
	     [145, 0; 0, -60]
	     86#in:2
	  
	   
	     35
	     69#out:1
	     [110, 0; 0, 95]
	     85#in:1
	  
	   
	     36
	     73#out:1
	     [110, 0; 0, -110]
	     85#in:2
	  
	   
	     37
	     71#out:1
	     [60, 0; 0, 60]
	     87#in:1
	  
	   
	     38
	     74#out:1
	     [60, 0; 0, -120; 120, 0]
	     87#in:2
	  
	   
	     /ha
	     [191, 35, 208, 50]
	     [0, 0, 0, 0]
	     off
	     off
	     -1
	  
	   
	     ha
	     [191, 98, 205, 113]
	     [0, 0, 0, 0]
	     off
	     off
	     -2
	  
	   
	     ha
	     [349, 99, 363, 114]
	     [0, 0, 0, 0]
	     off
	     off
	     -3
	  
	   
	     /hb
	     [349, 127, 366, 142]
	     [0, 0, 0, 0]
	     off
	     off
	     -4
	  
	   
	     hb
	     [349, 164, 363, 179]
	     [0, 0, 0, 0]
	     off
	     off
	     -5
	  
	   
	     /hc
	     [343, 191, 359, 206]
	     [0, 0, 0, 0]
	     off
	     off
	     -6
	  
	   
	     hc
	     [346, 231, 359, 246]
	     [0, 0, 0, 0]
	     off
	     off
	     -7
	  
	   
	     /ha
	     [344, 259, 361, 274]
	     [0, 0, 0, 0]
	     off
	     off
	     -8
	  
	   
	     /ha
	     [345, 299, 362, 314]
	     [0, 0, 0, 0]
	     off
	     off
	     -9
	  
	   
	     hb
	     [336, 331, 350, 346]
	     [0, 0, 0, 0]
	     off
	     off
	     -10
	  
	   
	     /hb
	     [342, 381, 359, 396]
	     [0, 0, 0, 0]
	     off
	     off
	     -11
	  
	   
	     hc
	     [334, 407, 347, 422]
	     [0, 0, 0, 0]
	     off
	     off
	     -12
	  
	   
	     /hc
	     [345, 449, 361, 464]
	     [0, 0, 0, 0]
	     off
	     off
	     -13
	  
	   
	     ha
	     [336, 476, 350, 491]
	     [0, 0, 0, 0]
	     off
	     off
	     -14
	  
	   
	     This module implements the following true table

   ha   |   hb   |   hc   ||   emf_a   |   emf_b   |   emf_c
    --------------------------------------------------------------------------------
0          0         0          0               0               0  
0          0         1          0               -1              +1
0          1         0          -1              +1                0
0          1         1          -1               0               +1
1          0         0         +1               0               -1
1          0         1         +1              -1                0
1          1         0          0              +1               -1
1          1         1          0               0                0
 
	     [734, 449, 988, 620]
	     [0, 0, 0, 0]
	     off
	     off
	     -15
	  
	
      
       
	 [1, 1]
	 [880, 205, 960, 245]
	 757
	 on
	 alternate
	 off
	 
	   [-8, -8, 1374, 736]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	   
	     [20, 143, 50, 157]
	     -1
	     Port number
	  
	   
	     [1, 1]
	     [275, 59, 320, 81]
	     -2
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     >
	     boolean
	     off
	  
	   
	     [1, 1]
	     [275, 99, 320, 121]
	     -3
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     <
	     boolean
	     off
	  
	   
	     [1, 1]
	     [275, 139, 320, 161]
	     -4
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     >
	     boolean
	     off
	  
	   
	     [1, 1]
	     [275, 179, 320, 201]
	     -5
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     <
	     boolean
	     off
	  
	   
	     [1, 1]
	     [270, 219, 315, 241]
	     -6
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     >
	     boolean
	     off
	  
	   
	     [1, 1]
	     [270, 259, 315, 281]
	     -7
	     off
	     1.354
	     simulink/Logic and Bit
Operations/Compare
To Zero
	     Compare To Zero
	     off
	     <
	     boolean
	     off
	  
	   
	     [1, 3]
	     [155, 28, 160, 272]
	     -8
	     black
	     off
	     3
	     bar
	  
	   
	     [6, 1]
	     [420, 124, 425, 221]
	     -9
	     off
	     6
	     bar
	  
	   
	     [6]
	     [685, 79, 730, 141]
	     96
	     [0.000000, 0.819608, 0.000000]
	     alternate
	     off
	     [425, 188, 1133, 660]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.501960784313725 0.501960784313725 0.501960784313725]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.02596599690880989
	     0~-2e-15~-0.5~0~0~0
	     2~2~2~2~2~2
	     on
	     IE3
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [465, 168, 495, 182]
	     -10
	     Port number
	  
	   
	     1
	     106#out:1
	     113#in:1
	  
	   
	     2
	     121#out:1
	     123#in:1
	  
	   
	     3
	     113#out:1
	     [75, 0]
	     
	       4
	       107#in:1
	    
	     
	       5
	       [0, 40]
	       108#in:1
	    
	  
	   
	     6
	     113#out:2
	     [75, 0]
	     
	       7
	       109#in:1
	    
	     
	       8
	       [0, 40]
	       110#in:1
	    
	  
	   
	     9
	     113#out:3
	     [70, 0]
	     
	       10
	       111#in:1
	    
	     
	       11
	       [0, 40]
	       112#in:1
	    
	  
	   
	     12
	     107#out:1
	     [60, 0; 0, 20]
	     
	       17
	       [285, 0]
	       122#in:1
	    
	     
	       18
	       [0, 45]
	       121#in:1
	    
	  
	   
	     19
	     108#out:1
	     [45, 0]
	     
	       23
	       [0, 40]
	       121#in:2
	    
	     
	       24
	       [0, -15]
	       122#in:2
	    
	  
	   
	     25
	     109#out:1
	     [30, 0; 0, 15; 21, 0]
	     
	       30
	       [0, -60]
	       122#in:3
	    
	     
	       31
	       121#in:3
	    
	  
	   
	     32
	     110#out:1
	     [30, 0; 0, -10; 41, 0]
	     
	       37
	       [0, -64; 41, 0; 0, -1]
	       122#in:4
	    
	     
	       38
	       121#in:4
	    
	  
	   
	     39
	     111#out:1
	     [45, 0; 0, -35; 33, 0]
	     
	       44
	       [0, 39; 185, 0; 0, -109]
	       122#in:5
	    
	     
	       45
	       121#in:5
	    
	  
	   
	     47
	     112#out:1
	     [60, 0; 0, -60; 25, 0]
	     
	       52
	       [0, 18; 222, 0; 0, -93]
	       122#in:6
	    
	     
	       53
	       121#in:6
	    
	  
	   
	     This module implements the following true table

   emf_a   |   emf_b   |   emf_c   ||   Q1   |   Q2   |   Q3   |   Q4   |   Q5   |   Q6
    ------------------------------------------------------------------------------------------------------------------
      0              0                0            0          0          0           0        0        0
      0               -1              +1          0          0          0           1        1        0
    -1              +1                0          0          1          1           0        0        0
    -1               0               +1          0          1         0           0        1        0
   +1               0                -1          1          0          0           0        0        1
   +1              -1                0           1          0          0           1        0        0
     0              +1               -1           0          0          1           0        0        1
    0              0                0             0          0          0           0        0        0
 
	     [623, 329, 979, 500]
	     [0, 0, 0, 0]
	     off
	     off
	     -1
	  
	
      
       
	 []
	 [300, 90, 327, 115]
	 758
	 off
	 showdemo(bdroot(gcb))
	 off
	 
	   disp('?')
	
	 
	   [16, 52, 804, 708]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	
      
       
	 [3, 0, 0, 0, 0, 0, 4]
	 [835, 320, 885, 400]
	 830
	 off
	 
	   [-8, -8, 1374, 736]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   80
	   
	     [920, 363, 950, 377]
	     854
	     Port number
	  
	   
	     [1050, 83, 1080, 97]
	     886
	     2
	     Port number
	  
	   
	     [448, 370, 462, 400]
	     887
	     270
	     3
	     Port number
	  
	   
	     [1, 0, 0, 0, 0, 1, 1]
	     [447, 300, 483, 345]
	     883
	     270
	     off
	     1.2446
	     powerlib/Electrical
Sources/Controlled Voltage Source
	     Controlled Voltage Source
	     off
	     on
	     AC
	     500
	     0
	     0
	     Voltage
	  
	   
	     [1, 2]
	     [400, 81, 405, 119]
	     874
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 6]
	     [990, 95, 995, 645]
	     850
	     black
	     off
	     6
	     bar
	  
	   
	     [1, 2]
	     [400, 171, 405, 209]
	     876
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 261, 405, 299]
	     877
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 351, 405, 389]
	     878
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 441, 405, 479]
	     879
	     on
	     off
	     2
	     bar
	  
	   
	     [1, 2]
	     [400, 531, 405, 569]
	     880
	     on
	     off
	     2
	     bar
	  
	   
	     [545, 211, 585, 229]
	     818
	     off
	     tagdialog Close
	     Q1
	  
	   
	     [540, 341, 580, 359]
	     817
	     off
	     tagdialog Close
	     Q2
	  
	   
	     [640, 211, 680, 229]
	     816
	     off
	     tagdialog Close
	     Q3
	  
	   
	     [640, 341, 680, 359]
	     815
	     off
	     tagdialog Close
	     Q4
	  
	   
	     [785, 211, 825, 229]
	     823
	     off
	     tagdialog Close
	     Q5
	  
	   
	     [785, 341, 825, 359]
	     822
	     off
	     tagdialog Close
	     Q6
	  
	   
	     [1380, 224, 1425, 246]
	     855
	     off
	     Q2
	  
	   
	     [1380, 299, 1425, 321]
	     856
	     off
	     Q3
	  
	   
	     [1380, 404, 1425, 426]
	     857
	     off
	     Q4
	  
	   
	     [1380, 494, 1425, 516]
	     858
	     off
	     Q5
	  
	   
	     [1380, 584, 1425, 606]
	     859
	     off
	     Q6
	  
	   
	     [1380, 114, 1425, 136]
	     853
	     off
	     Q1
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [596, 235, 629, 280]
	     812
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [590, 365, 625, 410]
	     811
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [695, 235, 730, 280]
	     810
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [686, 365, 724, 410]
	     809
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [840, 235, 875, 280]
	     821
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1, 0, 0, 0, 1, 1]
	     [831, 365, 869, 410]
	     820
	     270
	     on
	     alternate
	     1.2446
	     powerlib/Power
Electronics/IGBT//Diode
	     IGBT/Diode
	     off
	     1e-3
	     1e5
	     inf
	     on
	  
	   
	     [1, 1]
	     [1150, 256, 1200, 294]
	     846
	     1.59
	     powerlib_meascontrol/Pulse & Signal
Generators/PWM Generator
(DC-DC)
	     PWM Generator (DC-DC)
	     off
	     Freq
	     0
	  
	   
	     [1, 1]
	     [1150, 436, 1200, 474]
	     848
	     1.59
	     powerlib_meascontrol/Pulse & Signal
Generators/PWM Generator
(DC-DC)
	     PWM Generator (DC-DC)
	     off
	     Freq
	     0
	  
	   
	     [1, 1]
	     [1150, 71, 1200, 109]
	     844
	     1.59
	     powerlib_meascontrol/Pulse & Signal
Generators/PWM Generator
(DC-DC)
	     PWM Generator (DC-DC)
	     off
	     Freq
	     0
	  
	   
	     [2, 1]
	     [1250, 292, 1280, 323]
	     847
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [1250, 487, 1280, 518]
	     849
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [1250, 107, 1280, 138]
	     845
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [6]
	     [1475, 85, 1520, 635]
	     861
	     green
	     off
	     [1366, 73, 2646, 1043]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.5 0.5 0.5]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.1
	     -0~-1~-1~-0~-1~-1
	     2~1~1~2~1~1
	     on
	     sps1phPWM2_str1
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [6]
	     [185, 40, 230, 590]
	     881
	     on
	     green
	     off
	     [505, 239, 945, 618]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.5 0.5 0.5]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.1
	     -0~-1~-1~-0~-1~-1
	     2~1~1~2~1~1
	     on
	     sps1phPWM2_str2
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [6]
	     [245, 40, 290, 590]
	     875
	     on
	     green
	     off
	     [10, 60, 1372, 738]
	     off
	     6
	     
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	       %<SignalLabel>
	    
	     
	       [0.5 0.5 0.5]
	       [0 0 0]
	       [1 1 1]
	       [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	       -|-|-|-|-|-
	       [0.5 0.5 0.5 0.5 0.5 0.5]
	       none|none|none|none|none|none
	    
	     off
	     0.1
	     -0~-1~-1~-0~-1~-1
	     2~1~1~2~1~1
	     on
	     sps1phPWM2_str4
	     StructureWithTime
	     off
	     0
	     off
	  
	   
	     [650, 303, 680, 317]
	     833
	     on
	     1
	     Right
	  
	   
	     [770, 303, 800, 317]
	     834
	     on
	     2
	     Right
	  
	   
	     [895, 323, 925, 337]
	     835
	     on
	     3
	     Right
	  
	   
	     [485, 358, 515, 372]
	     896
	     on
	     4
	     Right
	  
	   
	     329
	     277#rconn:1
	     [-5, 0; 0, 15]
	     
	       296#rconn:1
	       [-20, 0]
	    
	     
	       278#lconn:1
	    
	  
	   
	     320
	     [620, 205; 0, 15]
	     277#lconn:1
	     
	       [-155, 0]
	       396#rconn:1
	    
	     
	       [100, 0]
	       
		 281#lconn:1
		 [0, -15; -145, 0]
	      
	       
		 279#lconn:1
	      
	    
	  
	   
	     314
	     278#rconn:1
	     [-5, 0; 0, 15]
	     
	       [-135, 0; 0, -75]
	       
		 509#rconn:1
		 [5, 0]
	      
	       
		 396#lconn:1
	      
	    
	     
	       [705, 440; -95, 0]
	       
		 282#rconn:1
		 [0, 15; -155, 0]
	      
	       
		 280#rconn:1
		 [-10, 0; 0, 15]
	      
	    
	  
	   
	     332
	     279#rconn:1
	     [-5, 0; 0, 15]
	     
	       297#rconn:1
	       [-40, 0]
	    
	     
	       280#lconn:1
	    
	  
	   
	     350
	     [860, 330; 0, -35; 5, 0]
	     281#rconn:1
	     
	       298#rconn:1
	       [-20, 0]
	    
	     
	       282#lconn:1
	       [0, -20]
	    
	  
	   
	     177
	     269#out:1
	     278#in:1
	  
	   
	     178
	     270#out:1
	     279#in:1
	  
	   
	     182
	     272#out:1
	     281#in:1
	  
	   
	     174
	     268#out:1
	     277#in:1
	  
	   
	     179
	     271#out:1
	     280#in:1
	  
	   
	     180
	     273#out:1
	     282#in:1
	  
	   
	     361
	     365#out:1
	     [24, 0; 0, 25]
	     368#in:1
	  
	   
	     364
	     363#out:1
	     [24, 0; 0, 25]
	     366#in:1
	  
	   
	     641
	     401#out:1
	     [30, 0]
	     
	       370
	       [0, 185]
	       
		 369
		 [0, 180]
		 364#in:1
	      
	       
		 368
		 363#in:1
	      
	    
	     
	       367
	       365#in:1
	    
	  
	   
	     372
	     364#out:1
	     [24, 0; 0, 40]
	     367#in:1
	  
	   
	     378
	     346#out:1
	     362#in:1
	  
	   
	     384
	     367#out:1
	     [66, 0]
	     
	       589
	       [0, -25; 82, 0; 0, 15]
	       371#in:5
	    
	     
	       588
	       352#in:1
	    
	  
	   
	     439
	     362#out:3
	     [34, 0; 0, 9; 195, 0; 0, -19]
	     366#in:2
	  
	   
	     440
	     362#out:4
	     [353, 0]
	     
	       587
	       [0, 25; 80, 0; 0, -35]
	       371#in:4
	    
	     
	       586
	       351#in:1
	    
	  
	   
	     531
	     388#out:1
	     387#in:2
	  
	   
	     532
	     386#out:1
	     [0, -18; -90, 0]
	     387#in:1
	  
	   
	     533
	     389#out:1
	     387#in:3
	  
	   
	     534
	     390#out:1
	     387#in:4
	  
	   
	     536
	     391#out:1
	     387#in:5
	  
	   
	     537
	     277#out:1
	     [0, 9; -185, 0]
	     386#in:1
	  
	   
	     538
	     278#out:1
	     [0, 9; -82, 0; 0, -234]
	     388#in:1
	  
	   
	     539
	     279#out:1
	     [-265, 0; 0, -5]
	     389#in:1
	  
	   
	     540
	     280#out:1
	     [0, 18; -275, 0]
	     390#in:1
	  
	   
	     541
	     281#out:1
	     [0, 62; 26, 0; 0, 113]
	     391#in:1
	  
	   
	     542
	     282#out:1
	     [0, 135]
	     392#in:1
	  
	   
	     544
	     386#out:2
	     [-138, 0; 0, -20]
	     393#in:1
	  
	   
	     545
	     388#out:2
	     [-101, 0; 0, -20]
	     393#in:2
	  
	   
	     546
	     389#out:2
	     [-80, 0; 0, -20]
	     393#in:3
	  
	   
	     547
	     390#out:2
	     [-80, 0; 0, -20]
	     393#in:4
	  
	   
	     548
	     391#out:2
	     [-80, 0; 0, -20]
	     393#in:5
	  
	   
	     549
	     392#out:2
	     [-80, 0; 0, -20]
	     393#in:6
	  
	   
	     555
	     362#out:1
	     [228, 0; 0, -15]
	     368#in:2
	  
	   
	     556
	     362#out:2
	     [331, 0]
	     
	       560
	       [0, 25; 128, 0; 0, -35]
	       371#in:2
	    
	     
	       559
	       349#in:1
	    
	  
	   
	     437
	     362#out:5
	     [54, 0; 0, 5]
	     367#in:2
	  
	   
	     581
	     362#out:6
	     [338, 0]
	     
	       591
	       [0, 25; 121, 0; 0, -35]
	       371#in:6
	    
	     
	       590
	       353#in:1
	    
	  
	   
	     380
	     366#out:1
	     [80, 0]
	     
	       584
	       [1, 0; 0, -18; 67, 0; 0, 23]
	       371#in:3
	    
	     
	       583
	       348#in:1
	    
	  
	   
	     640
	     402#out:1
	     396#in:1
	  
	   
	     690
	     368#out:1
	     [61, 0]
	     
	       692
	       [0, 25; 87, 0; 0, -15]
	       371#in:1
	    
	     
	       691
	       369#in:1
	    
	  
	   
	     543
	     392#out:1
	     387#in:6
	  
	
      
       
	 [755, 332, 785, 368]
	 937
      
       
	 [2, 1]
	 [1565, 301, 1570, 339]
	 922
	 off
	 2
	 bar
      
       
	 [2, 1]
	 [1565, 341, 1570, 379]
	 923
	 off
	 2
	 bar
      
       
	 [2, 1]
	 [1565, 381, 1570, 419]
	 924
	 off
	 2
	 bar
      
       
	 [1]
	 [1455, 254, 1485, 286]
	 756
	 green
	 alternate
	 off
	 [10, 60, 1372, 738]
	 off
	 1
	 
	   Rotor speed (rpm)
	
	 
	   [0.5 0.5 0.5]
	   [0 0 0]
	   [1 1 1]
	   [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	   -|-|-|-|-|-
	   [0.5 0.5 0.5 0.5 0.5 0.5]
	   none|none|none|none|none|none
	
	 off
	 0.4
	 2050
	 2400
	 on
	 N
	 StructureWithTime
	 off
	 0
	 off
      
       
	 [1]
	 [1295, 274, 1325, 306]
	 936
	 green
	 alternate
	 off
	 [10, 60, 1372, 738]
	 off
	 1
	 
	   Rotor speed (rpm)
	
	 
	   [0.5 0.5 0.5]
	   [0 0 0]
	   [1 1 1]
	   [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	   -|-|-|-|-|-
	   [0.5 0.5 0.5 0.5 0.5 0.5]
	   none|none|none|none|none|none
	
	 off
	 0.4
	 2050
	 2400
	 on
	 N4
	 StructureWithTime
	 off
	 0
	 off
      
       
	 [1, 1, 0, 0, 0, 3]
	 [1045, 303, 1130, 377]
	 885
	 1.2446
	 11
	 powerlib/Machines/Permanent Magnet
Synchronous Machine
	 Permanent Magnet Synchronous Machine
	 off
	 3
	 Trapezoidal
	 Round
	 Torque Tm
	 No
	 on
	 off
	 11
	 33.5e-3
	 [8.5e-3, 8.5e-3]
	 0.000835
	 Torque Constant (N.m / A_peak)
	 0.0825
	 34.5575
	 0.33
	 120
	 [ 0.000023,0 2] 
	 4
	 [0,0, 0,0]
	 [0 0 0 0 0 0]
	 0
	 -1
	 90 degrees behind phase A axis (modified Park)
      
       
	 [990, 270, 1020, 300]
	 754
	 0.3
	 0.2
	 0.35
	 0
      
       
	 [2]
	 [1360, 507, 1390, 538]
	 908
	 green
	 alternate
	 off
	 [10, 216, 1372, 757]
	 off
	 2
	 
	   Rotor speed (rpm)
	   %<SignalLabel>
	
	 
	   [0.5 0.5 0.5]
	   [0 0 0]
	   [1 1 1]
	   [1 1 0;1 0 1;0 1 1;1 0 0;0 1 0;0 0 1]
	   -|-|-|-|-|-
	   [0.5 0.5 0.5 0.5 0.5 0.5]
	   none|none|none|none|none|none
	
	 off
	 0.4
	 -200~-50
	 1000~350
	 on
	 N3
	 StructureWithTime
	 off
	 0
	 off
      
       
	 [770, 385, 800, 415]
	 934
	 0.1
	 100
	 0
      
       
	 [1, 1]
	 [690, 330, 730, 390]
	 891
	 off
	 
	   [1358, -8, 2654, 1032]
	   off
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	   
	     [20, 203, 50, 217]
	     880
	     Port number
	     
	       1
	       up
	       Auto
	       SignalName
	    
	  
	   
	     [520, 80, 550, 110]
	     878
	     on
	     alternate
	     off
	     
	       1
	       w1
	       Auto
	       SignalName
	    
	  
	   
	     [250, 65, 280, 95]
	     871
	     8.5e-3
	  
	   
	     [485, 255, 515, 285]
	     867
	     2.8750 
	  
	   
	     [2, 1]
	     [310, 37, 340, 68]
	     870
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [560, 212, 590, 243]
	     866
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	     
	       1
	       v1
	       Auto
	       SignalName
	    
	  
	   
	     [1, 1]
	     [630, 215, 660, 245]
	     868
	     u0
	     1
	     0
	     off
	     off
	     
	       1
	       u(k)
	       Auto
	       SignalName
	    
	  
	   
	     [2, 1]
	     [385, 40, 415, 70]
	     872
	     off
	     round
	     |++
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [485, 205, 515, 235]
	     865
	     off
	     round
	     ++|
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [580, 80, 610, 110]
	     877
	     on
	     alternate
	     off
	     round
	     |-+
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [325, 190, 375, 230]
	     869
	     u2 > Threshold
	     off
	     off
	     off
	     
	       1
	       ui
	       Auto
	       SignalName
	    
	  
	   
	     [383, 130, 417, 165]
	     873
	     270
	     -1
	  
	   
	     [383, 235, 417, 270]
	     874
	     270
	     on
	     alternate
	     -1
	     
	       1
	       i1
	       Auto
	       SignalName
	    
	  
	   
	     [578, 135, 612, 170]
	     875
	     270
	     -1
	  
	   
	     [668, 135, 702, 170]
	     876
	     270
	     -1
	  
	   
	     [725, 223, 755, 237]
	     882
	     Port number
	  
	   
	     1
	     460#out:1
	     456#in:2
	  
	   
	     v1
	     2
	     454#out:1
	     [0, 0]
	     
	       3
	       455#in:1
	    
	     
	       4
	       [1, 1]
	       462#in:1
	    
	  
	   
	     w1
	     5
	     [2, 1]
	     450#out:1
	     [-222, 0; 0, 115]
	     459#in:2
	  
	   
	     i1
	     6
	     [1, 1]
	     461#out:1
	     [-125, 0; 0, -80]
	     459#in:1
	  
	   
	     ui
	     7
	     459#out:1
	     [20, 0]
	     
	       8
	       460#in:1
	    
	     
	       9
	       461#in:1
	    
	     
	       10
	       [3, 1]
	       [30, 0; 0, 10]
	       457#in:2
	    
	  
	   
	     11
	     451#out:1
	     [9, 0; 0, -20]
	     453#in:2
	  
	   
	     up
	     12
	     449#out:1
	     [144, 0]
	     
	       13
	       [1, 1]
	       [0, -187; 301, 0]
	       457#in:1
	    
	     
	       14
	       [27, 0; 0, -165]
	       453#in:1
	    
	  
	   
	     15
	     453#out:1
	     456#in:1
	  
	   
	     16
	     462#out:1
	     458#in:2
	  
	   
	     17
	     452#out:1
	     [17, 0; 0, -35]
	     454#in:2
	  
	   
	     18
	     456#out:1
	     [52, 0; 0, 229; -179, 0; 0, -59]
	     459#in:3
	  
	   
	     19
	     458#out:1
	     450#in:1
	  
	   
	     u(k)
	     20
	     [1, 0]
	     455#out:1
	     [20, 0]
	     
	       21
	       464#in:1
	    
	     
	       22
	       463#in:1
	    
	  
	   
	     23
	     463#out:1
	     [0, -35]
	     458#in:1
	  
	   
	     24
	     457#out:1
	     454#in:1
	  
	
      
       
	 [1, 1]
	 [570, 330, 610, 390]
	 882
	 off
	 
	   [-8, -8, 1374, 736]
	   on
	   200
	   [1.270000, 1.270000, 1.270000, 1.270000]
	   1
	   100
	   
	     [130, 203, 160, 217]
	     880
	     Port number
	     
	       1
	       up
	       Auto
	       SignalName
	    
	  
	   
	     [520, 80, 550, 110]
	     878
	     on
	     alternate
	     off
	     
	       1
	       w1
	       Auto
	       SignalName
	    
	  
	   
	     [250, 65, 280, 95]
	     871
	     0.25
	  
	   
	     [485, 255, 515, 285]
	     867
	     0.025
	  
	   
	     [2, 1]
	     [310, 37, 340, 68]
	     870
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	  
	   
	     [2, 1]
	     [560, 212, 590, 243]
	     866
	     off
	     Inherit: Inherit via internal rule
	     Floor
	     off
	     
	       1
	       v1
	       Auto
	       SignalName
	    
	  
	   
	     [1, 1]
	     [630, 215, 660, 245]
	     868
	     u0
	     1
	     0
	     off
	     off
	     
	       1
	       u(k)
	       Auto
	       SignalName
	    
	  
	   
	     [2, 1]
	     [385, 40, 415, 70]
	     872
	     off
	     round
	     |++
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [485, 205, 515, 235]
	     865
	     off
	     round
	     ++|
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [2, 1]
	     [580, 80, 610, 110]
	     877
	     on
	     alternate
	     off
	     round
	     |-+
	     off
	     Inherit: Inherit via internal rule
	     off
	  
	   
	     [325, 190, 375, 230]
	     869
	     u2 > Threshold
	     off
	     off
	     off
	     
	       1
	       ui
	       Auto
	       SignalName
	    
	  
	   
	     [383, 130, 417, 165]
	     873
	     270
	     -1
	  
	   
	     [383, 235, 417, 270]
	     874
	     270
	     on
	     alternate
	     -1
	     
	       1
	       i1
	       Auto
	       SignalName
	    
	  
	   
	     [578, 135, 612, 170]
	     875
	     270
	     -1
	  
	   
	     [668, 135, 702, 170]
	     876
	     270
	     -1
	  
	   
	     [725, 223, 755, 237]
	     882
	     Port number
	  
	   
	     345
	     417#out:1
	     413#in:2
	  
	   
	     v1
	     334
	     410#out:1
	     [0, 0]
	     
	       333
	       411#in:1
	    
	     
	       332
	       [1, 1]
	       419#in:1
	    
	  
	   
	     w1
	     347
	     [2, 1]
	     406#out:1
	     [-222, 0; 0, 115]
	     416#in:2
	  
	   
	     i1
	     348
	     [1, 1]
	     418#out:1
	     [-125, 0; 0, -80]
	     416#in:1
	  
	   
	     ui
	     341
	     416#out:1
	     [20, 0]
	     
	       340
	       417#in:1
	    
	     
	       339
	       418#in:1
	    
	     
	       338
	       [3, 1]
	       [30, 0; 0, 10]
	       414#in:2
	    
	  
	   
	     330
	     407#out:1
	     [9, 0; 0, -20]
	     409#in:2
	  
	   
	     up
	     357
	     423#out:1
	     [34, 0]
	     
	       336
	       [1, 1]
	       [0, -187; 301, 0]
	       414#in:1
	    
	     
	       335
	       [27, 0; 0, -165]
	       409#in:1
	    
	  
	   
	     346
	     409#out:1
	     413#in:1
	  
	   
	     342
	     419#out:1
	     415#in:2
	  
	   
	     353
	     408#out:1
	     [17, 0; 0, -35]
	     410#in:2
	  
	   
	     331
	     413#out:1
	     [52, 0; 0, 229; -179, 0; 0, -59]
	     416#in:3
	  
	   
	     344
	     415#out:1
	     406#in:1
	  
	   
	     u(k)
	     351
	     [1, 0]
	     411#out:1
	     [20, 0]
	     
	       356
	       425#in:1
	    
	     
	       349
	       420#in:1
	    
	  
	   
	     343
	     420#out:1
	     [0, -35]
	     415#in:1
	  
	   
	     352
	     414#out:1
	     410#in:1
	  
	
      
       
	 []
	 [265, 115, 361, 156]
	 748
	 2
	 1.2446
	 on
	 
	 11
	 powerlib/powergui
	 PSB option menu block
	 off
	 Discrete
	 Tustin/Backward Euler (TBE)
	 5e-06
	 60
	 off
	 off
	 off
	 off
	 0
	 off
	 off
	 off
	 0
	 0
	 100e6
	 1e-4
	 50
	 kV
	 MW
	 off
	 off
	 off
	 off
	 blocks
	 warning
	 off
	 [0:2:500]
	 off
	 on
	 off
	 off
	 ZData
	 IE
	 off
	 0
	 12
	 1
	 60
	 off
	 1000
	 1
	 1
	 off
      
       
	 [1355, 261, 1375, 279]
	 747
	 30/pi
	 Inherit: Inherit via internal rule
	 Inherit: Inherit via internal rule
	 off
      
       
	 360
	 177#out:1
	 [5, 0]
	 426#in:1
      
       
	 358
	 59#out:1
	 422#in:1
      
       
	 63
	 67#out:1
	 105#in:1
      
       
	 361
	 426#out:1
	 [10, 0; 0, -55]
	 
	   73
	   [0, -4; 6, 0; 0, -11]
	   60#in:1
	
	 
	   72
	   [-26, 0; 0, -30]
	   61#in:1
	
      
       
	 75
	 61#out:1
	 [8, 0; 0, -49; -25, 0; 0, 19]
	 67#in:1
      
       
	 <Rotor speed wm (rad/s)>
	 76
	 [0, 0]
	 60#out:4
	 [0, 20]
	 259#in:1
      
       
	 111
	 65#out:1
	 59#in:1
      
       
	 <Stator current is_b (A)>
	 129
	 [0, 0]
	 60#out:2
	 [13, 0]
	 
	   523
	   [0, 141; 347, 0; 0, 39]
	   535#in:1
	
	 
	   379
	   56#in:1
	
      
       
	 <Stator current is_a (A)>
	 130
	 [0, 0]
	 60#out:1
	 [0, -25; 31, 0]
	 
	   669
	   [0, -29; 339, 0]
	   534#in:1
	
	 
	   668
	   [2, 1]
	   55#in:1
	
      
       
	 <Stator current is_c (A)>
	 131
	 [0, 0]
	 60#out:3
	 [32, 0]
	 
	   538
	   [0, 180]
	   536#in:1
	
	 
	   381
	   57#in:1
	
      
       
	 134
	 55#out:1
	 [45, 0]
	 58#in:1
      
       
	 137
	 56#out:1
	 58#in:2
      
       
	 140
	 57#out:1
	 [45, 0]
	 58#in:3
      
       
	 153
	 58#out:1
	 447#in:1
      
       
	 219
	 105#out:1
	 [-61, 0; 0, 110]
	 292#in:1
      
       
	 359
	 426#lconn:1
	 292#rconn:1
      
       
	 362
	 426#lconn:2
	 292#rconn:2
      
       
	 363
	 426#lconn:3
	 292#rconn:3
      
       
	 389
	 447#out:1
	 [19, 0; 0, 277; -769, 0]
	 465#in:2
      
       
	 395
	 465#out:1
	 448#in:1
      
       
	 476
	 502#out:1
	 [0, 20]
	 
	   478
	   511#in:1
	
	 
	   477
	   510#in:1
	
      
       
	 479
	 511#out:1
	 [0, 9; 140, 0]
	 510#in:2
      
       
	 627
	 551#out:1
	 [13, 0; 0, -15]
	 292#in:3
      
       
	 517
	 534#out:1
	 533#in:1
      
       
	 518
	 535#out:1
	 533#in:2
      
       
	 519
	 536#out:1
	 533#in:3
      
       
	 68
	 259#out:1
	 [20, 0]
	 
	   650
	   [0, 305; -870, 0]
	   59#in:2
	
	 
	   64
	   173#in:1
	
      
       
	 563
	 422#out:1
	 [5, 0]
	 
	   675
	   [0, -44; 116, 0; 0, 24]
	   554#in:1
	
	 
	   674
	   465#in:1
	
      
       
	 <Electromagnetic torque Te (N*m)>
	 654
	 [0, 0]
	 60#out:5
	 553#in:1
      
       
	 <Stator back EMF e_cV)>
	 657
	 [0, 0]
	 60#out:8
	 [124, 0]
	 
	   659
	   [0, 65]
	   502#in:3
	
	 
	   658
	   536#in:2
	
      
       
	 <Stator back EMF e_b (V)>
	 661
	 [0, 0]
	 60#out:7
	 [0, 0]
	 
	   663
	   [0, 105]
	   502#in:1
	
	 
	   662
	   535#in:2
	
      
       
	 <Stator back EMF e_a (V)>
	 664
	 [0, 0]
	 60#out:6
	 [25, 0]
	 
	   666
	   502#in:2
	
	 
	   665
	   534#in:2
	
      
       
	 672
	 448#out:1
	 554#in:2
      
       
	 673
	 554#out:1
	 [20, 0; 0, 10]
	 292#in:2
      
       
	 Reference 
speed (RPM)
	 [437, 399, 514, 432]
	 [0, 0, 0, 0]
	 on
	 on
	 -3
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Appendix B/Main.m


%%
clear;
load('Inertia.mat'); % Load values from the moment of inertia experiment
torque = 1.94292804*10^-3;
%% Motor values
L = 33.5*10^-3; % inductance [H]
R = 11; % ohm
Jm = 0.0000230206204; % inertia [kgm2]
Kt = 0.3299857642;
tau_e = L/(3*R);
J = M*Kt/alpha
Ke = 0.24828;
tau_m = (J*3*R)/(Ke*Kt);
Kt = (3*R*J)/(tau_m*Ke); % 0.0019

save('motorConstants.mat','L','R','tau_e','J','Ke','tau_m','Kt')
%%
close all;

H = tf([1/Ke],[tau_m*tau_e tau_m 1]) % Estimated response
%% SENSORLESS
u = 0.034; % Step
load('SENSORLESS2025_300Hz.MAT');  % Open-loop data
G1 = Channel_2_Data(14460:14460+4500); 
H1 = 38.11 + u*80*H; % step times 80 because 80V was used during experiments

load('SENSORLESSCLOSEDLOOP025_300Hz.MAT'); % Closed-loop data
R1 = Channel_2_Data;
T1 = Channel_3_Data;


%% HALL
u = 0.1;

load('HALL1016_300Hz.MAT');
G2 = Channel_2_Data(1857:1857+4500); 
H2 = u*80*H;

load('HALLCLOSEDLOOP025_300Hz.MAT');
R2 = Channel_2_Data;
T2 = Channel_3_Data;


load('HALLCLOSED02025_300Hz.MAT');  
GC2 = Channel_2_Data(1500:1500+4500); 

%% FOC
u = 0.1;

load('openloopFOC01080_300Hz.MAT'); 
G3 = Channel_2_Data(3817:3817+4500);
H3 = u*80*H;


load('FOCcurrentloop_300Hz.MAT')
R3 = Channel_2_Data;
T3 = Channel_3_Data;

G3_2 = Channel_2_Data(2420:2420+4500); 

load('FOCclosedspeedloopNy_300Hz.MAT')
R3_2 = Channel_2_Data;
T3_2 = Channel_3_Data;
%%

% Create open-loop response plots
figure()
subplot(3,1,1)
MakePlots(H1,G1,103/3000,'SENSORLESS',[30.117 55])
subplot(3,1,2)
MakePlots(H2,G2,0.1,'HALL',[0 40])
subplot(3,1,3)
MakePlots(H3,G3,0.1,'FOC',[0 40])


figure()
ziegler(G1(1:750),103/3000,'Ziegler open loop method');
%% Create closed-loop response plots

figure();

subplot(3,1,1)
t=[0:length(R1)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R1),t,T1);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);

ax = gca;
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})

title('Sensorless');
legend('Closed loop operation','Load');

subplot(3,1,2)
t=[0:length(R2)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R2),t,T2);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);


ax = gca;
%xticks = 0:5:length(R2)-1;
%set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})

title('Hall');

legend('Closed loop operation','Load');

subplot(3,1,3)
t=[0:length(R3)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R3),t,T3);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);



ax = gca;
%xticks = 0:5:length(R3)-1;
%set(ax,'XTickLabel',xticks) 
set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})

hold on
t=[0:length(R3_2)-1]'/300;
[ax h1 h2] = plotyy(t,abs(R3_2),t,T3_2);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.5]);


title('FOC');

legend('Closed loop operation','Load');


figure()
MakePlots(H3,G3_2,0.25,'FOC2',[0 40])

figure()
load('FOCcurrentRAMP08_300Hz.MAT')

c1 = Channel_2_Data(104100: 104100+12600);
c2 = Channel_3_Data(104100: 104100+12600);
t=[0:length(c1)-1]'/300;
[ax h1 h2] = plotyy(t,-(c1),t,c2);
xlabel('Time [s]') % x-axis label
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0.2 0.7]);
ylim(ax(1),[747 765]);
ax = gca;

set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})
legend('Closed loop operation','Load');
title('Iq = 0.8')
figure()

load('FOCcurrentRAMP_300Hz.MAT')

c1 = Channel_2_Data(5570: 5570+4132);
c2 = Channel_3_Data(5570: 5570+4132);
t=[0:length(c1)-1]'/300;
[ax h1 h2] = plotyy(t,-(c1),t,c2)
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.23]);
ylim(ax(1),[740 765]);
ax = gca;

set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})
legend('Closed loop operation','Load');
title('Iq = 1.0')
figure()
load('FOCcurrentRAMP_300Hz_001.MAT')

c1 = Channel_2_Data(4170: 4170+12333);
c2 = Channel_3_Data(4170: 4170+12333);
t=[0:length(c1)-1]'/300;
[ax h1 h2] = plotyy(t,-(c1),t,c2)
ylabel(ax(1),'Speed [rpm]') % y-axis label
ylabel(ax(2),'Load [Nm]')
ylim(ax(2),[0 0.6]);
ylim(ax(1),[747 765]);
ax = gca;

set(gca,{'xminorgrid' 'yminorgrid'}, {'on' 'on'})
legend('Closed loop operation','Load');
title('Iq = 1.2')







Appendix B/100v75v50v_300Hz.MAT

Channel_1_Data:[94339x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[94339x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[94339x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[94339x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[94339x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[94339x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOC.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/FOC2.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/FOCCLOSEDLOOP025_300Hz.MAT

Channel_1_Data:[20958x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[20958x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[20958x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[20958x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[20958x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[20958x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCclosedspeedloopNy_300Hz.MAT

Channel_1_Data:[21433x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[21433x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[21433x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[21433x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[21433x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[21433x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[21433x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCcurrentloop_300Hz.MAT

Channel_1_Data:[22697x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[22697x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[22697x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[22697x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[22697x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[22697x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[22697x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCcurrentRAMP08_300Hz.MAT

Channel_1_Data:[121050x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[121050x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[121050x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[121050x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[121050x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[121050x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[121050x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix B/FOCcurrentRAMP_300Hz.MAT

Channel_1_Data:[19629x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[19629x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[19629x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[19629x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[19629x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[19629x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[19629x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCcurrentRAMP_300Hz_001.MAT

Channel_1_Data:[21757x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[21757x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[21757x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[21757x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[21757x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[21757x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[21757x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/FOCopenloopNy_300Hz.MAT

Channel_1_Data:[13401x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[13401x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[13401x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[13401x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[13401x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[13401x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x9  char array]





Channel_7_Data:[13401x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/HALL.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/HALL1016_300Hz.MAT

Channel_1_Data:[9641x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[9641x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[9641x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[9641x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[9641x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[9641x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x4  char array]









Appendix B/HALLCLOSED.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/HALLCLOSED02025_300Hz.MAT

Channel_1_Data:[10075x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[10075x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[10075x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[10075x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[10075x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[10075x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/HALLCLOSEDLOOP025_300Hz.MAT

Channel_1_Data:[22385x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[22385x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[22385x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[22385x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[22385x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[22385x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/Inertia.mat

alpha:[1x1  double array]


M:[1x1  double array]






Appendix B/lodd_300Hz.MAT

Channel_1_Data:[4308x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[4308x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[4308x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[4308x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[4308x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[4308x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x4  char array]









Appendix B/motorConstants.mat

L:[1x1  double array]


R:[1x1  double array]


Kt:[1x1  double array]


tau_e:[1x1  double array]


J:[1x1  double array]


Ke:[1x1  double array]


tau_m:[1x1  double array]






Appendix B/openloopFOC01080_300Hz.MAT

Channel_1_Data:[13682x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[13682x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[13682x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[13682x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[13682x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[13682x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/OpenLoops steg10_300Hz.MAT

Channel_1_Data:[67246x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[67246x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[67246x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[67246x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[67246x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[67246x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/OpenLoopsteg010_300Hz.MAT

Channel_1_Data:[11337x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[11337x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[11337x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[11337x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[11337x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[11337x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/OpenLoop_300Hz.MAT

Channel_1_Data:[9009x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[9009x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[9009x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[9009x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[9009x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[9009x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x4  char array]









Appendix B/SENSORLESS.mat

Kp:[1x1  double array]


Ki:[1x1  double array]






Appendix B/SENSORLESS2025_300Hz.MAT

Channel_1_Data:[22571x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[22571x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[22571x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[22571x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[22571x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[22571x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/sensorless2327_300Hz.MAT

Channel_1_Data:[23627x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[23627x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[23627x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[23627x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[23627x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[23627x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/SENSORLESSCLOSEDFIXED_300Hz.MAT

Channel_1_Data:[125053x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[125053x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[125053x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[125053x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[125053x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[125053x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix B/SENSORLESSCLOSEDLOOP025_300Hz.MAT

Channel_1_Data:[21495x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[21495x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[21495x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[21495x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[21495x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[21495x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/sensorlessOppstart_300Hz.MAT

Channel_1_Data:[95877x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[95877x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[95877x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[95877x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[95877x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[95877x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x5  char array]









Appendix B/voltref_300Hz.MAT

Channel_1_Data:[222175x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[222175x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x11  char array]





Channel_3_Data:[222175x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_4_Data:[222175x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x14  char array]


			[1x4  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[222175x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x14  char array]


			[1x3  char array]


			[1x1  char array]


			[1x6  char array]





Channel_6_Data:[222175x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





File_Header:[1x1  struct array]



			[1x1  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix B/Ziegler open loop method.mat

Kp:[1x1  double array]


Ki:[1x1  double array]
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