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Abstract

This thesis provides a solution for the challenge of accurate indoor positioning.
Using both commercial Bluetooth Low Energy (BLE) beacons and our own Do It
Yourself (DIY) beacons, using ESP32’s, we were able to compare these solutions
in different environments.

A Two-dimensional (2D) Indoor Positioning System (IPS) was setup in the hallway
of the Kjølv Egeland building at the University of Stavanger.

Test were run both before and after implementation of the IPS, and even though
we were only able to run a limited amount of tests, the results show that an IPS
could be a viable solution.

ii



Preface

This bachelor thesis was written at the Department of Electrical Engineering and
Computer Science at the University of Stavanger.

We would like to give a special thanks to our supervisor Naeem Khademi, an
Associate Professor at UiS, who has given us valuable guidance and contributed
with insightful and nuanced perspectives.

We would also like to thank St̊ale Freyer for teaching us how to solder and for
helping us with our beacon hardware orders.

Thanks to Statsbygg, to Operations Manager Jan Magnus Kringstad, for giving
us the floor plans for UiS.

Also thanks to Sorina Sarac for loaning us her Huawei Mate 10 Lite, Saskia Brandasu
for loaning us her Samsung Galaxy S8, and to Ingunn Graue Kase for helping
with proofreading our thesis.

Finally we would like to thank UiS, for offered learning resources and for buying
the beacon hardware for us.

iii



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Objective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.3 Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.4 Thesis Outline . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.1 Methods of detecting position in 2D space . . . . . . . . . . . 3

2.1.1 Trilateration . . . . . . . . . . . . . . . . . . . . . . 3

2.1.2 ToA & TDoA . . . . . . . . . . . . . . . . . . . . . 3

2.1.3 RSSI & RX Power level . . . . . . . . . . . . . . . . 4

2.1.4 AoA & AoD . . . . . . . . . . . . . . . . . . . . . . 4

2.1.5 Fingerprinting . . . . . . . . . . . . . . . . . . . . . 5

2.2 Positioning methods and technologies . . . . . . . . . . . . . 5

2.2.1 GPS positioning . . . . . . . . . . . . . . . . . . . . 6

2.2.2 BLE positioning system . . . . . . . . . . . . . . . 6

2.2.3 Wi-Fi positioning system . . . . . . . . . . . . . . . 6

2.2.4 Ultra-Wideband indoor positioning . . . . . . . . . 6

2.3 Spec sheet comparison of commercial beacons . . . . . . . . . 7

2.4 Beacon protocols . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.5 Related works . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.5.1 Fighting the global pandemic . . . . . . . . . . . . . 10

3 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.1 Base Stations . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.1.1 ESP32 . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.1.2 iBKS 105 . . . . . . . . . . . . . . . . . . . . . . . . 12

3.1.3 Beacon installation . . . . . . . . . . . . . . . . . . 13

3.1.4 Little-endian . . . . . . . . . . . . . . . . . . . . . . 14

3.1.5 Differentiating between beacons . . . . . . . . . . . 15

3.2 Mobile Phones . . . . . . . . . . . . . . . . . . . . . . . . . . 16

iv



3.3 RSSI monitoring app . . . . . . . . . . . . . . . . . . . . . . . 17

3.3.1 The code . . . . . . . . . . . . . . . . . . . . . . . . 17

3.3.2 Collecting the Received Signal Strength Indication
(RSSI) measurements . . . . . . . . . . . . . . . . . 19

3.4 Indoor Mapping Service . . . . . . . . . . . . . . . . . . . . . 21

3.4.1 Test map . . . . . . . . . . . . . . . . . . . . . . . . 21

3.4.2 Layout of the Beacons . . . . . . . . . . . . . . . . . 22

3.4.3 Creating the map in IndoorAtlas . . . . . . . . . . . 23

3.4.4 Recording the data . . . . . . . . . . . . . . . . . . 23

4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.1 RSSI Measuring app results . . . . . . . . . . . . . . . . . . . 26

4.1.1 iBKS 105 Results . . . . . . . . . . . . . . . . . . . 26

4.1.2 ESP32 Results . . . . . . . . . . . . . . . . . . . . . 28

4.1.3 Comparison between the iBKS105 and ESP32 . . . 30

4.2 Indoor positioning accuracy . . . . . . . . . . . . . . . . . . . 32

4.2.1 Indoor accuracy results on Android between no
beacons, medium density and high density beacon
placement . . . . . . . . . . . . . . . . . . . . . . . . 32

4.2.2 Indoor accuracy results on iOS between no beacons
and high density beacon placement . . . . . . . . . 34

5 Conclusions & Recommendations . . . . . . . . . . . . . . . . . . . . 36

5.1 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

5.1.1 Research question 1 . . . . . . . . . . . . . . . . . . 36

5.1.2 Research question 2 . . . . . . . . . . . . . . . . . . 36

5.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

A Source Code 42

v



List of Figures

2.1 Trilateration method . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.2 Using the phase difference to get the Angle of Arrival . . . . . . . . 5

3.1 Picture of the SparkFun ESP32 Thing Model . . . . . . . . . . . . . 12

3.2 Picture of the iBKS 105 beacon . . . . . . . . . . . . . . . . . . . . . 13

3.3 An iBKS 105 mounted to the bottom of a vertical beam using the
adhesive on the back . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.4 ESP32’s mounted in the hallway of Kjølv Egeland building in the
university . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3.5 Little-endian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3.6 Showing all the beacons with their Major and Minor values using
the Beacon Sample app by Apple . . . . . . . . . . . . . . . . . . . . 15

3.7 Line 26-45 in ibeacon distance measure/ContentView.swift . . . . . 17

3.8 Line 47-59 in ibeacon distance measure/ContentView.swift . . . . . 18

3.9 Line 61-83 in ibeacon distance measure/ContentView.swift . . . . . 19

3.10 The hallway used for indoor RSSI measuring marked in red. Note:
This image is flipped 90 degress counter clockwise so North is to
the left. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.11 RSSI readings being measured can be seen in the bottom right of
this figure. Note the preview window in the middle right does not
show a live preview of the phone screen, it there to show the layout
of the UI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.12 Map of where location accuracy was tested in the 4th floor of the
Kjølv Egeland (KE) building rotated 90 degress counter clockwise
(north is to the left) . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.13 The medium density beacon map, where beacons are placed near
corners and door to hallways to ensure coverage in important places 22

3.14 The high density beacon map where beacons are placed in the
middle of long corridors, and more doorways are covered. . . . . . . 23

3.15 The setting required to do 1 second jumps through a recording
played back in VLC. Make sure to set ’Very short jump length’
from the default value of 3 to 1, and search ’very short’ to find
what the default key-bind is for your system. . . . . . . . . . . . . . 24

3.16 shows 2 different samples from the recording used to measure the
data for high beacon density on iOS at test spot A . . . . . . . . . . 25

vi



4.1 2 figures showing the iBKS 105 RSSI measurements over the 2
minute testing periods, including the median of each test distance. . 27

4.2 Comparison of RSSI measured on the iBKS 105 indoors and outdoors 28

4.3 2 figures showing the ESP32 RSSI measurements over the 2 minute
testing periods, including the median of each test distance. . . . . . 29

4.4 Comparison of RSSI measured indoors and outdoors . . . . . . . . . 30

4.5 iBKS 105 vs ESP32 RSSI measurement comparison indoors and
outdoors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.6 3 figures showing the inaccuracy measured at each testing point for
10 seconds, where 1 sample represents 1 second. Note: The same
legend applies to all 3 figures. . . . . . . . . . . . . . . . . . . . . . . 32

4.7 2 figures showing the inaccuracy measured at each testing point for
10 seconds, where 1 sample represents 1 second. Note: The same
legend applies to both figures. . . . . . . . . . . . . . . . . . . . . . . 34

vii



Acronyms

2D Two-dimensional

AoA Angle of Arrival

AoD Angle of Departure

APs Access Points

BLE Bluetooth Low Energy

dBm Decibel-milliwatt

DIY Do It Yourself

EID Ephemeral Identifier

GPS Global Positioning System

IPS Indoor Positioning System

KE Kjølv Egeland

RSSI Received Signal Strength Indication

RX Receive Level

SoC System on a Chip

TDoA Time Difference of Arrival

TLM Telemetry

ToA Time of Arrival

ToF Time-of-flight

UID Unique Identifier

URL Uniform Resource Locator

UUID Universally Unique Identifier

UWB Ultra-Wideband

viii



1. Introduction 1.3. Approach

1 Introduction

1.1 Problem

The question that will be be explored through this thesis comes in 2 parts; Is it
viable to make your own DIY beacon instead of buying a commercial ready made
solution, and is the improvement of setting up an IPS worth it?

Map applications used for finding your way around places have become very common,
but Global Positioning System (GPS) struggles a lot when you move indoors.
This makes navigating using these map applications very difficult in large and
complex buildings. The solution to this problem is a technology dedicated for
indoor use referred to as IPS. But there are many different methods of implementing
IPS. In this thesis we will focus on implementing IPS through the use of BLE
beacons. This is a small device that broadcasts a Bluetooth signal at a set power
and a set interval. This can be used to help improve location accuracy indoors.

1.2 Objective

To document the process of choosing the type of Bluetooth beacon, whether it
be commercial or a DIY solution based on factors such as convenience and price.
Document the process of setting up said beacons, and to see how well each solution
works in specific scenarios. This information can aid places like Universities, Library’s,
stadiums or tunnels to set up a beacon network to enable indoor positioning at
their venue.

1.3 Approach

The system consists of a beacon, a mobile phone, and a IPS service. The beacons
will be our DIY beacons and some commercial beacons. These beacons will be
installed and then an IPS will be set up to take advantage of them. The mobile
phones will look for beacons, and with the help of a specific app will know what
to do with them.
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1. Introduction 1.4. Thesis Outline

1.4 Thesis Outline

Chapter 2 - Literature Review

Literature review of key concept, beacons and related works.

Chapter 3 - Methodology

Implementations and details of our system.

Chapter 4 - Results & Discussion

The results and analysis of significance of the results.

Chapter 5 - Conclusions - & Recommendations

Summary of our project, our general thoughts and recommendations for
future works.

Appendix A - Source Code

The software developed during this thesis.
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2. Literature Review 2.1. Methods of detecting position in 2D space

2 Literature Review

2.1 Methods of detecting position in 2D space

There are many different methods of trying to detect the position of a device in
2D space, in this sub chapter we will explore some of these.

2.1.1 Trilateration

Figure 2.1: Trilateration method

Trilateration is a common method for position calculations. Trilateration uses
three or more fixed points in 2D space to calculate the position of an object, by
finding the intersection of a series of circles, as shown in figure 2.1. The distance
between the Access Points (APs) can be found by using either RSSI, Time of
Arrival (ToA) or Time Difference of Arrival (TDoA). The distance estimated
by signal strength is presented as a circle with a radius around the APs. The
intersection of three AP radius’s provide a point or an area of the user equipment
[31].

2.1.2 ToA & TDoA

ToA and TDoA measure distance to a stationary by measuring the signal loop
time. This means that a stationary device sends a signal to a mobile device. The
mobile device returns the signal to the stationary device, and the stationary device
will calculate the full round travel time to determine how far away the mobile
device is. The formula for ToA calculation is:

d = c ∗ (tarrival − tsent)

Where c refers to the speed of light. The formula for TDoA calculation is:

∆d = c ∗ (∆t)

3



2. Literature Review 2.1. Methods of detecting position in 2D space

[29]

To find the location of the mobile device in 2-dimensional space, multiple
stationary devices have to be used to triangulate the location of the mobile device.
The difference between ToA and TDoA is that in ToA all devices must have a
synchronised clock, while for TDoA only the stationary devices need to have a
synchronised clock.

2.1.3 RSSI & RX Power level

Receive Level (RX) and RSSI measure distance using radio signal strength received
by the antenna. RX is measured in milliWatts (mW) or Decibel-milliwatt (dBm)
which is an absolute measurement. While RSSI is measured through a relative
measurement set by a given device manufacturer. This means that RSSI is not
measured on the same scale between different devices. Some manufacturer might
choose to have a ”normal” scale going from 0-100, while another one could choose
to do 0-60 [35]. Additionally, this type of measurement could be problematic
because different chip-set manufacturers for the mobile phone could give different
readings [15].

Power level based measurements also struggle a lot with signal noise. Signal
noise could be created by reflective surfaces in the environment the beacon is
installed in, or by having to fight over the same frequency as a lot of other nearby
Bluetooth devices. Objects such as pillars can also physically block the signal
making readings unreliable.

The issue of signal noise can be partially remedied using a Kalman filter [8].
This filter is designed to estimate the value of a measurement based on a joint
probability distribution. This will significantly reduce the amount of noise in the
RSSI readings of a beacon. [8]

To find your position in 2D space power level based measurements use trilateration
in the same way that ToA does.

2.1.4 AoA & AoD

Angle of Arrival (AoA) and Angle of Departure (AoD) are different from the
other listed methods, because they can find your location in 2D space using only
a single beacon. In AoA a transmitter sends a signal to a receiver which has an
array of multiple antennas. The receiving device can determine the direction using
the phase difference of the incoming signal. The calculation to determine the
angle of the incoming signal is:

θ = arccos((ψλ)/(2πd))

where ψ is the phase difference, λ is the wave length and d is the distance between
each adjacent antenna.[36]

4



2. Literature Review 2.2. Positioning methods and technologies

Figure 2.2: Using the phase difference to get the Angle of Arrival

AoA works the opposite way from AoD, this means that in this case the
transmitter has multiple antennae and the receiver only has 1 [18].

In theory, this technology would be the best one for our use due to needing
less beacons and being very accurate. The issue is that there are very few mobile
phones at the time of writing with Bluetooth 5.1 support, this could be very relevant
in a few years though.

2.1.5 Fingerprinting

Fingerprinting can be used to improve the location accuracy of any of the technologies
listed above. This is done by essentially calibrating the equipment to teach it that
a given measurement is in a specific manually measured location. The issue with
this though is that for example with RSSI, if a piece of furniture being added
or removed could make the measurements inaccurate again. This is due to the
furniture blocking the signal.

2.2 Positioning methods and technologies

IPS is an up and coming technology which keep attracting more attention due
to its many use cases. Some of the use cases include: Human detection/tracking,
sending messages to devices, navigation and many more. There are several different
methods and technologies that can be used for an IPS. In this section we will
compare a few different technologies, BLE, Wi-Fi and Ultra-Wideband (UWB).

5



2. Literature Review 2.2. Positioning methods and technologies

2.2.1 GPS positioning

While GPS works great outside and in building through windows, it often struggle
with its accuracy when it comes to indoor positioning. This is because the GPS
satellites works best with a direct line of sight to devices. When indoors, the
signals weakens or distorts as it travels through walls, and the result is inaccurate.

2.2.2 BLE positioning system

Bluetooth Low Energy (BLE) [24] is a radio-frequency technology which can be
used for device tracking, indoor navigation, and many more indoor positioning
cases. Its low energy, fairly accurate and supports both iOS and Android.

An IPS using BLE relies on Bluetooth beacons being mounted on objects,
walls or ceilings, from where they emit radio signals at predetermined intervals.
Bluetooth beacons operate on the BLE protocols. They are low-power Bluetooth
transmitters that can be detected by devices such as smartphones and BLE-enabled
sensors. The beacons do not transmit signals constantly. They ”blink”.

Although one beacon is sufficient in establishing the presence of an object,
it cannot pinpoint the specific location. Usually, the location accuracy increases
with the number of beacons. BLE typically relies on RSSI value to estimate the
location of devices defined by the protocols chapter 2.4.

BLE is the IPS solution that we are going to use for our project.

2.2.3 Wi-Fi positioning system

Wi-Fi is a local wireless network that uses radio waves to communicate data. A
Wi-Fi positioning system uses several techniques to locate a connected object or
device. A Wi-Fi IPS uses APs and already existing infrastructure to calculate
a device’s location. By analyzing the signal strength of multiple Wi-Fi signals
and knowing the locations of the APs, you are able to determine the approximate
location of a connected device [32].

The two primary methods for tracking Wi-Fi enabled UE is RSSI and fingerprinting.
RSSI of a Wi-Fi signal is inversely proportional to distance, meaning that one
value decreases at the same rate that the other value increases. An example of
this is that the closer a connected device is to an AP the stronger the RSSI values,
and vice versa.

The main advantage of Wi-Fi positioning is accessibility. Many buildings
already have a Wi-Fi network infrastructure already installed. It also has higher
data transfer and greater range than BLE.

One of its disadvantages is its security. Wi-Fi is such a common technology
so its less secure to being hacked [26].

2.2.4 Ultra-Wideband indoor positioning

UWB is a short-range radio technology which uses Time-of-flight (ToF) to get
positioning. UWB indoor positioning has a significant advantage over the others.
It has the best accuracy with up to 30cm [23], and almost no interference. Its
biggest disadvantage is that it only works with iPhone 11 or newer models [34].

6



2. Literature Review 2.3. Spec sheet comparison of commercial beacons

BLE Wi-Fi UWB
Location
accuracy

<5m 10-20m 30cm

Compatibility iOS and Android iOS and Android Only iOS, iPhone
11 or newer.

Battery life Low energy
consumption

Moderate Low energy
consumption

Infrastructure Dedicated
infrastructure

Uses existing
infrastructure

Dedicated
infrastructure

Table 2.1: Comparison of IPS technologies

2.3 Spec sheet comparison of commercial beacons

This table is a quick comparison based on the technical data sheets from the
manufacturers of these beacons. The rest of the thesis will go more in depth on
the usability differences between these beacons, but it is possible to do a basic
comparison based on their specification sheets. This is also part of how we decided
which beacons to buy.

Beacon
(providers)

Blueup
BlueBeacon
Maxi

Accent
Systems iBKS
PLUS

Accent
Systems

Supports ibeacon,
Eddystone,
Quuppa
Emulation

ibeacon,
Eddystone

ibeacon,
Eddystone

Range [meters] N/A up to 100m up to 50m

Battery life
[months]

18-120 120 30-40

Battery type 2xAA 4xAA 1xCR2477

Size [mm] 90x50x29 24x84x84 11.3x52.6mm
(circular)

Price [per
beacon]

∼ 20e ∼ 23$ ∼ 14$

Datasheet [6] [21] [22]

Table 2.2: Comparison of commercial beacons

This table gives us a basic overview of the beacons we had chosen to buy.
There are many other beacons on the market with very similar specifications.
Because due to the short time line of this thesis it was important to choose beacon
providers which had their beacon in stock, and could be shipped quickly and
easily.

By using this table we could determine which beacons were not right for us.
We needed the beacons to at least last 2 years or 24 months. Its not viable for

7



2. Literature Review 2.4. Beacon protocols

the university to have to change the batteries every year or so. So that eliminated
a lot of the potential beacon options.

They needed to support BLE and either iBeacon or Eddystone. Which all
our beacons did thankfully. Their size should be as small and therefor less detectable
as possible, considering they where going to be put up in the university. And last
but not least, the beacons needed to be capable of being funded. The beacons
should be as cost effective as possible, which will help our case for funding.

2.4 Beacon protocols

iBeacon and Eddystone

iBeacon [20] and Eddystone [13, 14] are 2 different profiles developed by
Apple and Google respectively. They are used by mobile phone apps on both
iOS and Android to communicate with compatible Bluetooth beacons. These 2
beacon formats are different in some of the payload that is sent in each frame.

The iBeacon frame contains:

1. UUID: General information about the beacon (Owner for example)

2. Major: The beacon’s most general information (building and/or floor its on)

3. Minor: More specific information about the beacon (beacon is in room 42)

While the Eddystone frame contains:

1. UID: Similar to UUID major and minor, has a namespace and instance

2. URL: a compressed URL that can be directly used by an end user

3. TLM: telemetry data useful for fleet management

4. EID: additional security measure

These extra Eddystone packets mean its more controllable and has better fleet
management than iBeacon, but it also makes it more difficult to implement. Eddystone
is also open source while iBeacon is proprietary. It’s very important for Eddystone
to be open source, because somebody could continue maintaining Eddystone after
Google shuts it down on April 1st, 2021.[13]

8
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iBeacon Eddystone

Compatibility Compatible with
Android and iOS, but
only native to iOS.

Native to both
Android and iOS.

Battery life A little more than
Eddystone.

Bit less than iBeacon
depending on which
frames is being used.

Profile Its proprietary
software, so the
specifications is
controlled by Apple.

Its specifications
are open source on
GitHub. So developers
can contribute to make
it better.

Usage For sending messages,
iBeacon needs an app
on smartphones to
do a particular task
with the received
information. So either
create our own app or
use a third party app.

Eddystone can send
URL directly to
smartphones. For
iOS, its supported
on Chrome. And on
Android its supported
on the physical web.

Security and
privacy

The signal transmitted
by beacons using
iBeacon is a public
signal, meaning it can
be detected by any iOS
and Android devices.

The EID feature,
that constantly
change which allows
a broadcast signals to
only be identified by
”authorized clients”.

For the user Less features, more
documentation, and
simpler to implement.

More features
and sends more
information, but more
complicated when it
comes to integration.

Table 2.3: Comparison between iBeacon and Eddystone [16]

9
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AltBeacon

AltBeacon [3] is an open source beacon protocol from Radius Network. It’s very
similar to iBeacon as it covers the same functionalities as it, only that its open
source, not company specific and not widely used [5]. AltBeacon can deliver more
data per message than iBeacon, however its main problem is that its not as widely
supported. AltBeacon was created to make an open, competitive market for beacon
protocols.

Competing against Apple’s iBeacon is not an easy task. In time it may increase
in popularity due to the fact that it is able to carry more data per message, and
being open source.

Despite the fact that AltBeacon was a good option, we decided to use the iBeacon
protocol, as it suited our project better.

2.5 Related works

2.5.1 Fighting the global pandemic

In an effort to track, and possibly stop the flow of new Covid-19 cases, Governments
around the world are rushing to track the locations of their populace [7]. One
way to do this could be to set up indoor positioning systems in malls, universities
and schools, and a whole range of other public locations where strangers might
run into each other. The government could write a smartphone app which uses
Bluetooth technology, and encourage, or even mandate, that citizens download
the application. One example of an already existing app in Norway is Smittestopp.

Smittestopp is designed with user privacy in mind. Once you download the
app you are already on your way. There is no need to log in, thus you have never
told the app who you are. The app never shares data in regards to your movement,
but instead “identifies” you for other application users within the proximity using
Bluetooth [27]. The way it does so is by sharing an auto generated number. This
number is constantly changing, and is not traceable to any particular person in
the first place. But all the numbers you “meet” are stored on your phone.

The way the app uses these stored numbers, is when a person reports that
he or she is infected by the virus in the app. The person must then log in, and
the list of stored number over a 2-week period are sent into a central overview.
Phones are then checked and if a number from the central overview is also stored
on your phone, you are then considered a close contact, and will have to quarantine
[27].

10
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3 Methodology

The main objective of this system is further increase the accuracy of indoor navigation.
This chapter discusses what steps that needed to be taken in order to setup our
IPS.

3.1 Base Stations

When designing a positioning system, there are typically two components needed.
A base station (in our case a Bluetooth beacon) and a mobile station (in our case
a mobile phone). In GPS, the satellites acts as the base stations, while people,
cars etc. works as the mobile stations. We’re using beacons for positioning, so the
beacons are the base stations, while smartphones or other smart devices acts as
the mobile stations.

When using beacons for positioning there are at least two design options:

1. The beacons are at fixed locations constantly listening for known signals
from smart devices.

2. The beacons are at fixed locations transmitting signals that smart devices
pick up.

Option 1 is a good option for positioning, however the beacons would do a lot
more work than in option 2. This would drain our beacons battery life at a faster
rate.

We chose option 2, where the beacons will be our base stations transmitting signals
at a predetermined interval, and the mobile station, in this case smartphones, will
listen for these signals. This will give our beacons longer battery life, as their only
job is to transmit signals.

Some companies prohibit smartphones, however since we are installing these base
stations at UiS it shouldn’t be a problem.

Requirements for the base stations:

• BLE enabled.

• Either iBeacon or Eddystone compatible.

• Small and mostly unnoticeable.

• Should run on a battery.

A prototype that fitted the regiments was built using the ESP32 series. For fulfilling
the last requirement, we connected the ESP32 to a LiPo battery. A powerbank
could also had worked.

3.1.1 ESP32

ESP32 is a series of low cost, low power system on a chip microcontroller with
integrated Wi-Fi and dual-mode Bluetooth. It is a successor to the ESP8266.

Our base stations will be the SparkFun ESP32 Thing [33]. They will use the Eddystone
protocol, which smartphones will pick up.

The SparkFun ESP32 Thing module features:
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• Up to a 240MHZ dual-core Tensilica LX6 microprocessor

• 520kB internal SRAM

• Micro USB port

• 2-pin JST connector port

• Integrated LiPo battery charger

• Integrated sleep mode

• BLE compatible

• Configurable

Figure 3.1: Picture of the SparkFun ESP32 Thing Model

Should this system go into production, the ESP32 could be replaced by a different
model to further reduce the footprint and cost. We chose the SparkFun ESP32
Thing mainly for its integrated JST connector port. This port made it so that we
could connect a LiPo battery for our power source. It also filled all our requirements
for a base station.

The ESP32 could also be replaced by a commercial beacon.

3.1.2 iBKS 105

We chose the iBKS 105 [22] model for our commercial beacons. They operate on
the BLE protocol, and supports both Eddystone and iBeacon protocol. The iBKS
105 beacons run of a coin battery, and can last for 24-48 months depending on
their configuration. Our configuration should give it a battery life of approximately
38 months.
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Figure 3.2: Picture of the iBKS 105 beacon

3.1.3 Beacon installation

The beacons were always installed on concrete due to it being a non reflective
surface, either on the side of pillars or on the bottom of beams going across the
ceiling. For the ESP32’s it was important to keep in mind the placement of the
ESP32, and the relative position of the battery. The battery is almost the size
of the ESP32 and could interfere with it’s signal. The battery was always on the
side of the surface the beacon was being attached to.

The iBKS 105 could be mounted using the adhesive on the back of the beacon
as shown in figure 3.3

(a) iBKS105 shown from a small
distance

(b) iBKS105 shown close up

Figure 3.3: An iBKS 105 mounted to the bottom of a vertical beam using the
adhesive on the back

The ESP32’s were put in the small plastic bag they came in together with
the battery, and taped to the surface they were being attached to as seen in figure
3.4.
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(a) ESP32 attached to the bottom of a
vertical beam going across the ceiling

(b) ESP32 attached to the side of a
pillar

Figure 3.4: ESP32’s mounted in the hallway of Kjølv Egeland building in the
university

3.1.4 Little-endian

When we tested our ESP32 we got a different UUID than we expected. We found
out that the ESP32 is a little-endian native architecture, meaning that the ESP32
stores the least significant byte of a word at the largest memory address (Illustrated
in figure 3.5).

Figure 3.5: Little-endian
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So in the case of figure 3.5, the 32-bit-integer ACB18A09 would be stored in
the memory as

0x09 0x8A 0xB1 0xAC 0x8A

This is important to note, or else we can interpret data in an incorrect fashion.
Endianness is important to know when you are writing and reading the data across
networks from one system to another [28]. In our case this data was from our
ESP32s to our monitoring app.

3.1.5 Differentiating between beacons

For our system we decided to use iBeacon as the beacon protocol, this means that
to identify each beacon there is a UUID, Major, and Minor. In our system the
UUID would always be 098AB1AC − 28F4 − 42D6 −A080 − FD45387B4231, the
Major and Minor combination should be unique on the other hand.

The Major in our case was 1104 on all our beacons. This was chosen because
we found that starting the Major with 0 would sometimes create some issues, so
we would start counting from 11. The first half would signify what building the
beacon is placed in, all beacons in our case were in the same building, so it was
the same on all of them. The 2nd half of the Major would signify the floor of the
building which in our case is the 4th floor, so it became 04.

The Minor would either start counting from 0 or from 10 depending on which
beacon it was. The ESP32’s started counting from 0, so since we had 7 of them
the ESP32 Minors would range from 0 − 6. Meanwhile the iBKS 105’ would
start counting from 10, so since we had 5 of them their Minors would range from
10 − 14.

Figure 3.6: Showing all the beacons with their Major and Minor values using the
Beacon Sample app by Apple

15



3. Methodology 3.2. Mobile Phones

3.2 Mobile Phones

When testing how the IPS works we primarily used 2 different phones, 1 Android
and 1 iPhone. This was not to compare how they relatively performed, but to
show that the IPS works on both platforms. Additionally a different Android
phone was used when fingerprinting the area, but it was not used for measuring.

The primary phones used for testing was the Huawei Mate 10 Lite for Android,
and the Apple iPhone 12 mini for iOS. The 12 mini was also used for the RSSI
measurement app. Additionally a Samsung Galaxy S8 was needed when mapping
the 4th floor, due to the Huawei Mate 10 Lite not having the necessary hardware
for mapping[4].

Phone Huawei Mate
10 Lite

Apple iPhone
12 mini

Samsung
Galaxy S8

release October 2017 October 2020 April 2017

Bluetooth 4.2, A2DP, LE,
aptX

5.0, A2DP, LE 5.0, A2DP, LE,
aptX

OS when
testing

Android 8.0 /
EMUI 5.1

iOS 14.5.1
(14.4.2 when
testing RSSI)

Android 9.0 /
One UI 1.0

System on a
Chip (SoC)

Kirin 659 Apple A14
Bionic

Exynos 8895

Full
specifications

[19] [25] [30]

Table 3.1: overview of relevant specifications of mobile phones used

Looking at table 3.1, it can be seen that the phone representing the Android
side of things is slightly older than it’s Apple counter part. As mentioned previously
this is not an issue due to the purpose of this thesis is not to compare the 2 platforms
against each other.

Another difference between the 2 main testing phones is that the Android
phone had no SIM card in it, meaning that if a part of the building has poor
Wi-Fi it could struggle with positioning. This is because it can’t fall back on
cellular broadband for internet. This could give it a harder time in some scenarios.
This should mean that it, thanks to its age and lack of cellular to fall back on,
it should be relatively close to a worst case scenario for the type of phone that
might be used with the IPS. So if it works with this Android phone it should
work with almost anything Android.
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3.3 RSSI monitoring app

To help us measure the RSSI values that a phone reads from a beacon, and be
able to extract this data and easily plot it, we developed an iOS app written in
swift. This connects to an iBeacon, reads it’s major and minor values, the time
it was last seen, its RSSI, the proximity, and the accuracy. Proximity is a value
which gives a very rough estimate of the distance between the beacon, and the
mobile phone in 4 possible cases[11].

• unknown: The proximity could not be determined.

• immediate: The beacon is in the immediate vicinity.

• near: The beacon is relatively close to the user.

• far: The beacon is far away.

The accuracy value is used to differentiate between beacons with the same
proximity value, but is not intended to be used as a way of finding the precise
location of a beacon[1].

3.3.1 The code

1 override init(){

2 super.init()

3 // requests permission to scan for beacons

4 locationManager = CLLocationManager()

5 locationManager?.delegate = self

6 locationManager?.requestWhenInUseAuthorization()

7 }

8

9 func locationManager(_ manager: CLLocationManager, didChangeAuthorization

status: CLAuthorizationStatus){↪→

10 // if app is authorized to use location

11 if status == .authorizedWhenInUse{

12 // monitoring is available for our device

13 if CLLocationManager.isMonitoringAvailable(for:

CLBeaconRegion.self){↪→

14 // ranging is available for our device

15 if CLLocationManager.isRangingAvailable(){

16 startScanning()

17 }

18 }

19 }

20 }

Figure 3.7: Line 26-45 in ibeacon distance measure/ContentView.swift

Figure 3.7 shows what happens when the app is opened. First the app will
create a location manager, and request permission to get the device location on
first open. This will only happen the first time the app is opened. After the permission
has been given, the app will check if it was given the permission. If it was, then it
will check if region monitoring is available for the current device. If it is, then it
will check if ranging is available for the current device. After the permission has
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been checked, and it has been checked if the device the app is installed on, has
the necessary hardware to support scanning for iBeacon. The app will call the
startScanning() function.

1 func startScanning(){

2 // "uuidgen" in terminal can generate a uuid

3 let uuid = UUID(uuidString: "098AB1AC-28F4-42D6-A080-FD45387B4231")!

4 let major = CLBeaconMajorValue("1104")!

5 let minor = CLBeaconMinorValue("0000")!

6 let constraint = CLBeaconIdentityConstraint(uuid: uuid, major: major,

minor: minor)↪→

7 let beaconRegion = CLBeaconRegion(beaconIdentityConstraint: constraint,

identifier: "TestBeacon")↪→

8

9 // start monitoring for the beacon identified above

10 locationManager?.startMonitoring(for: beaconRegion)

11 // start raning said beacon

12 locationManager?.startRangingBeacons(satisfying: constraint)

13 }

Figure 3.8: Line 47-59 in ibeacon distance measure/ContentView.swift

Figure 3.8 Shows the startScanning() function. The function defines a UUID
which must be added to the beacon constraint[9], and the beacon constraint must
be added to the beacon region[10]. This essentially is telling the app which beacons
to look for. The Major and Minor are optional, but they were used in our case to
differentiate between beacons with our system for differentiating beacons which
was detailed in chapter 3.1.5.
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1 // when start scanning works we will get a callback

2 func locationManager(_ manager: CLLocationManager, didRange beacons:

[CLBeacon], satisfying beaconConstraint: CLBeaconIdentityConstraint) {↪→

3 // sets format for date

4 let df = DateFormatter()

5 df.dateFormat = "HH:mm:ss"

6 // with the range of the first beacon found

7 if let beacon = beacons.first {

8 lastDistance = updateDistance(distance: beacon.proximity)

9 // beacon major & minor, just used for additional identification if

explicit major minor wasnt previously given.↪→

10 major = CLBeaconMajorValue(truncating: beacon.major)

11 minor = CLBeaconMinorValue(truncating: beacon.minor)

12 // print the rssi into console, this can be copied into a file when

you're done to read whatever information you want to have.↪→

13 print(beacon.rssi)

14 // to make the app more readable information only updates when

beacon was successfuly contacted↪→

15 if beacon.proximity != .unknown {

16 lastSeen = df.string(from: beacon.timestamp)

17 rssi = beacon.rssi

18 //

https://developer.apple.com/documentation/corelocation/clbeacon/1621551-accuracy↪→

19 accuracy = beacon.accuracy

20 rssiDistance = calcDistanceRSSI(rssi: beacon.rssi)

21 }

22 }

23 }

Figure 3.9: Line 61-83 in ibeacon distance measure/ContentView.swift

Figure 3.9 shows what happens when a beacon is found. The if on line 7
will take the first beacon that is found and connect to it to read information from
it.

The information read from the beacon is the proximity on line 8. The Major
and Minor on line 10-11 which was used to confirm that the beacon the app found,
was the same one as expected based on the filters from figure 3.8. line 13 will
print the RSSI, this part of the code is detailed further in chapter 3.3.2.

The if statement on line 15 is only relevant for what is displayed on the
phone. It was put behind the if statement to try to improve the readability of
the information on the phone. If the beacon couldn’t be read momentarily, the
values wouldn’t all jump to 0.

The full source code can be found in Appendix A.

3.3.2 Collecting the RSSI measurements

The testing for RSSI values was done in 2 different environments for 6 different
distances, each distance double the previous. The distances were 1, 2, 4, 8, 16
and 32 metres. The locations used for indoor testing, was the East hallway on the
4th floor of the KE building at the university, shown in figure 3.10. The outdoor
testing was done in an outdoor football field.
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Figure 3.10: The hallway used for indoor RSSI measuring marked in red. Note:
This image is flipped 90 degress counter clockwise so North is to the left.

To get the RSSI values the print statement from figure 3.9 on line 13 becomes
important. This would print the RSSI values as measured by the phone into the
debug output, as shown in figure 3.11. Each distance would be measured for 2
minutes doing 1 beacon at the time.

Figure 3.11: RSSI readings being measured can be seen in the bottom right of
this figure. Note the preview window in the middle right does not show a live
preview of the phone screen, it there to show the layout of the UI.
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3.4 Indoor Mapping Service

We chose to use IndoorAtlas as our service to test indoor positioning. This was
because they support integration with Mazemap, which the university currently
uses as their indoor mapping provider. All testing of how good the location accuracy
was before any beacons were installed and fingerprinting had been done were
done using Mazemap. Testing after beacon installation and fingerprinting was
done using the testing functionality of the IndoorAtlas map creator, and their
positioning test app for iOS due to the map creator not being available on any
other platform than Android.

3.4.1 Test map

We did 3 separate test runs to determine the positioning accuracy, the first run
was done before any installation. The second was done installing 8 beacons in
various locations on the 4th floor of the KE building, and third test was done
with 12 beacons installed in various locations. This was to see how much the
accuracy would improve with a more dense beacon map.

For each of the separate test location, stood we still for 10 seconds, while
screen recording the map app to see where the Blue Dot were. The distance that
the Blue Dot has to our actual location, would be measured afterwards using a
cad model of the building. Due to the inaccuracy of this method, a margin of
error off about 0.5-1m should be applied to all results. A map of all the testing
points can be seen in figure 3.12. Whenever a test location is referenced, the letters
from this figure will be used.

Figure 3.12: Map of where location accuracy was tested in the 4th floor of the KE
building rotated 90 degress counter clockwise (north is to the left)
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3.4.2 Layout of the Beacons

Beacons were installed in 2 different configurations. 1 medium density configuration
and 1 high density configuration. The medium density configuration used 7 ESP32’s
and 1 iBKS105, while the high density configuration used 7 ESP32’s and 5 iBKS105’s.
This were all the beacons we had.

The beacon maps can be seen in figure 3.13 and 3.14. The medium density
map was based on the idea of getting a basic coverage map of the 4th floor to do
basic testing with. Based on the results of this test, some beacons were moved
and others were added to try to fix some of the areas that didn’t have as good
location accuracy.

Figure 3.13: The medium density beacon map, where beacons are placed near
corners and door to hallways to ensure coverage in important places
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Figure 3.14: The high density beacon map where beacons are placed in the
middle of long corridors, and more doorways are covered.

3.4.3 Creating the map in IndoorAtlas

When creating a map in IndoorAtlas, first you must create a venue[12]. This is
the building that you are going to be adding floors to. Once the venue has been
created you must then add floor plans to it[2]. These floor plans are an image
which must be aligned over a satellite image of the address of the venue, and it
must be defined what floor the floor plan belongs to.

Once the floor plan has been created, Waypoints must be added to it. These
are essentially virtual checkpoints to walk between when fingerprinting. We put
a Waypoint in each of the testing locations from figure 3.12. Once this has been
done, an Android phone which is supported by Google ARCore[4], can be used
together with the IndoorAtlas MapCreator 2 to start fingerprinting. When this
is being done, it is important to already have any beacons that are going to be
used set up. The fingerprinting should automatically detect the beacons when
you walk between checkpoints, and then be able to use the beacons to assist with
indoor positioning.

In our case we walked between each Waypoint twice. Once in each direction
to make the calibration as accurate as possible. The phone was always held in the
same way, and we tried to maintain a consistent walking speed too.

3.4.4 Recording the data

The process of recording the data, to measure the accuracy of the positioning,
was to use the screen recording feature built into iOS and the Android skin that
the Huawei Mate 10 Lite uses. For each location marked in figure 3.12, we would
attempt to stand approximately in the exact same spot each time for a bit over
10 seconds. The spots were marked by physical features in the area. This method
likely meant there was a margin of about 1 metre. Additionally, people in the
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surrounding area could be present during a test, and not during another. This
could’ve affect the results the same way as it would in the RSSI measuring tests.

The app’s used were Mazemap in browser as ’before’ testing, meaning before
any beacon’s were installed. This was to get the most accurate possible impression
of how the positioning accuracy was before any improvements were implemented.
To test after beacon installation, the IndoorAtlas Positioning app was used on
iOS, while the IndoorAtlas MapCreator 2 was used to test on Android.

The recordings would be loaded up on to a computer, and played back using
software which allows skipping forwards or backwards through time exactly 1
second. In this case, that software was VLC media player. The setting required
to replicate this method can be seen in figure 3.15.

Figure 3.15: The setting required to do 1 second jumps through a recording
played back in VLC. Make sure to set ’Very short jump length’ from the default
value of 3 to 1, and search ’very short’ to find what the default key-bind is for
your system.

For each recording, we would skip through it 1 second at the time. Then
using CAD drawings of the university, we would measure the distance from where
we were standing, to the center of the BlueDot. We tried to align it using features
of the area, such as walls of other rooms if the dot was in the middle of a room
for example.

An example of the process can be seen in figure 3.16. This figure is showing
the 4th and 5th measurement taken when testing with a high beacon density
on iOS at location A. It can be seen how the BlueDot has moved slightly down
between these 2 frames, and that can also be seen in the data shown in chapter
4.2.2. This was how the measurements would be taken. Go through the video 1
second at the time for 10 seconds. If the BlueDot moved, the distance the BlueDot
has from the location we were standing would be measured.
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(a) Sample #4 (b) Sample #5

Figure 3.16: shows 2 different samples from the recording used to measure the
data for high beacon density on iOS at test spot A
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4 Results

4.1 RSSI Measuring app results

In this chapter we will analyse the RSSI measurements between the iBKS 105
and the ESP32 beacons, both indoors and outdoors. First they will be analysed
individually and then compared against each other.

4.1.1 iBKS 105 Results

Starting with the iBKS 105, we will look at the raw measuring results in figure
4.1. Looking at these scatter plots its rather obvious how noisy RSSI can be.
Some of this noise is inherent, however, it can also be seen how the figure showing
the RSSI measurements outdoors is significantly less noisy. Although that one
also has some unexpected aspects to it.

First of all, something which is immediately noticeable is how some of the
medians are in the wrong order to what was expected. It is expected for the RSSI
to decrease as the distance increases, but this was not the case after studying
the data we collected. The 2m median on the indoor test is higher than the 1m
median, and the 4m median is also higher than the 1m median. Although it at
least managed to be lower than the 2m median. These distances are so close to
each other that it could be argued that it doesn’t matter so much if they get
mixed up. But then if we look at the results for 16m and 8m, we see that these
have also gotten mixed up. This would seem extremely unexpected except as will
be seen later, RSSI does not decrease linearly. So the chance to get the further
distances wrong in a perfect environment, is more likely than getting the close
distances wrong.

Looking at figure 4.1b, which shows the outside measurements of the iBKS
105, the results are closer to what is expected. The reduction in signal noise either
created by reflective surfaces or by devices in the surroundings, which are all
fighting over the same Bluetooth frequency, has created a much cleaner scanner
plot. Where the 1m and 2m results are closer to what is expected. What can
also be seen is that as described previously the gap between the median RSSI
decreases as the distance increases.
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Figure 4.1: 2 figures showing the iBKS 105 RSSI measurements over the 2 minute
testing periods, including the median of each test distance.

Figure 4.2 is a result of using the same data from figure 4.1 and plotting it
in a box plot. This reveals something which was not visible in the scatter plot.
At 32m the box extends all the way up to 0db. This is because when the beacons
RSSI could not be determined, it will be read as 0. This means that for a large
amount of the 2 minute test, the iBKS 105 beacon could not be read, meaning
that if this would happen again in a real world scenario, the beacon would almost
give no assistance to positioning accuracy if a person was standing 32m away
from it.
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Figure 4.2: Comparison of RSSI measured on the iBKS 105 indoors and outdoors

Another thing that can be seen when looking at the data in the box plot,
are the blue boxes for the outdoor readings. As the distance increases the RSSI
values flatten out. This shows more clearly what was mentioned previously about
RSSI not being fully linear. As the distance increases, the RSSI readings will
relatively speaking come closer together.

Overall the interquartile range for each box plot in the outdoor measurements
is smaller than the one for the indoor measurements. The upper and lower whiskers
also don’t extend as far out from the interquartile range, which again shows that
the overall inconsistency of the readings were lower when measuring in the outdoor
environment, though not always so. The plot for 16m indoors appears to be slightly
smaller than the one for 16m outdoors. So sometimes indoors readings can be
quite consistent, but not always.

4.1.2 ESP32 Results

Looking at the raw RSSI measurements for the ESP32 in figure 4.3 a lot of the
same themes as from chapter 4.1.1 can be seen. In the indoor test it managed
to get the order of the medians correct, which is good although the measurements
for 16m seem to have jumped from higher than expected to a bit lower than expected,
while keeping the overall median mostly as expected. This is likely due to the
fact that when testing, we were not the only people in the area. If anyone were to
walk past with Bluetooth headphones this could create noise in the environment,
which in return could affects the results. This would seem like a negative thing,
but this is exactly what would happen in the real world, and that’s what the
indoor plot shows more than anything. It shows how the RSSI readings would
look like in the real world. Inside of a building where there are lots of devices
fighting over a small frequency range, and there are lots of reflective surfaces that
can also add noise.
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Figure 4.3: 2 figures showing the ESP32 RSSI measurements over the 2 minute
testing periods, including the median of each test distance.

Looking at the outdoor results in figure 4.3b, unexpectedly, they appear to
be worse than the indoor results. The difference between each distance is smaller,
and the measurements have a lot more overlap. The reason for this could be relative,
due to the inconsistencies of doing a more ’real world’ style test for the indoor
results. The ESP32 could also have been ’lucky’, and that the test were done at
a time where there was relatively little signal noise in the environment. However,
this would still not explain why the outdoor measurements are so poor.
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Figure 4.4: Comparison of RSSI measured indoors and outdoors

Putting the measurements from figure 4.3 into a box plot, we end up with
figure 4.4. This one again shows the unexpected fact that the indoor measurements
have turned out better than the outdoor ones. In fact, the outdoor 32m test couldn’t
establish the RSSI for a large amount of the test. Overall except for the 16m
test, the measurements were relative consistent and stayed within a small range.
Although the results for 1m, 2m, 4m, and 8m are closer than expected.

4.1.3 Comparison between the iBKS105 and ESP32

Comparisons of the iBKS 105 and the ESP32 can be seen in figure 4.5. For the
indoor tests in figure 4.5a, it can be seen that overall both beacons performed
very similarly. As mentioned previously, the ESP32’s results were good in the
indoor environment which can be seen in figure 4.5a. But when looking at figure
4.5b, the ESP32 relatively to the iBKS 105 looks the same as the iBKS 105 looks
to the ESP32 in the indoor test.

Regardless of the strange switch around of their relative performance indoors
and outdoors, the ESP32 in terms of RSSI performs extremely similarly to the
iBKS 105. While it could be argued that the outdoor measurements are a more
’true’ representation due to it being a more controlled environment. The thing
that actually matters is how they perform in the real world, which would be inside.
In short conclusion, the iBKS 105 and ESP32 perform so similarly that in terms
of signal performance we’re calling them identical.
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Figure 4.5: iBKS 105 vs ESP32 RSSI measurement comparison indoors and
outdoors
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4.2 Indoor positioning accuracy

In this chapter we will analyse the inaccuracy of no beacons, medium beacon
density and high beacon density on Android and iOS. Each platform is split into
it’s own sub chapter to avoid comparison, because the purpose is not to compare
these 2 platforms.

4.2.1 Indoor accuracy results on Android between no beacons, medium
density and high density beacon placement

Starting with Android, we will look at the raw location measurements in figure
4.6 below:
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Figure 4.6: 3 figures showing the inaccuracy measured at each testing point for 10
seconds, where 1 sample represents 1 second. Note: The same legend applies to
all 3 figures.

In figure 4.6 we see in all 3 sub figures that some locations, like location G
for example, is consistently more inaccurate than others. Like location A which
consistently performs relatively good regardless of the beacon setup. It can also
be seen that setting up beacons and mapping the area, doesn’t always guarantee
a better result. Location G for example, is stuck at a 39m inaccuracy for the
entire 10 second test. Location D is stuck in a similar way, where it consistently
for the entire duration of the test, is placing the BlueDot incorrectly, as can be
seen in 4.6b and 4.6c. This could be due to a calibration error when fingerprinting
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or due to a loss of signal. Though over all, it is clear that as the number of beacons
increases, the inaccuracy decreases. Which can be seen by the number of plots
that are bunching together near the bottom on the Y-axis in 4.6b, and even more
so in 4.6c.

Taking the data from figure 4.6 and using it in a table, we end up with table
4.6. It should be noted due to the inaccuracies of the testing methods used, all
values have been rounded up to the nearest half a metre.

point x̄ x̃ s

A 7 7 0.5

B 2 1 1

C 15 15 0.5

D 7 7 0

E 6.5 5.5 3.5

F 9.5 9.5 0

G 26 26 8.5

H 8 6 5.5

total 10 7 2.5

(a) No beacons

point x̄ x̃ s

A 4 4 0.5

B 4 4 0

C 1.5 1 1

D 12 12 0

E 4.5 4.5 1.5

F 9 9 0.5

G 39 39 0

H 1.5 1.5 0

total 9.5 4.5 0.5

(b) Medium beacon density

point x̄ x̃ s

A 2 2 0

B 5.5 6 1

C 1.5 1.5 0

D 17 17 0.5

E 6.5 6.5 0

F 5.5 5.5 1

G 22 22.5 1

H 2 2.5 0.5

total 8 5.5 0.5

(c) High beacon density

Table 4.1: 3 tables showing the mean, median and standard deviation of the
measured inaccuracy at each testing point. The total average is the average of
all averages, median is the median of all the medians, and the total standard
deviation is the average of all the standard deviations.

Table 4.1 shows in numbers what was previously discussed concerning figure
4.6. Exactly as could be seen previously, location G struggles quite badly with
its accuracy in the medium density beacon setup. It can also be seen that the
accuracy becomes slightly better in the high beacon density setup, and that the
standard deviation isn’t 0. This would imply that at least part of the issue in
the medium density setup is a lack of Wi-Fi reception, causing the BlueDot to
be unable to move. Although, it’s still quite far off so the fingerprinting getting it
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wrong is also a strong possibility.

Locations like A, B & H performed quite well in all 3 tests, but didn’t always
improve as the beacon density increased. Notably B got worse every time the
beacon density increased. This could be due to bad luck when testing because
as detailed in chapter 4.1, RSSI is not very reliable especially indoors.

Overall, the total results show that adding beacons and setting up an Indoor
Positioning System does improve the accuracy, however increasing the density of
beacons didn’t increase the accuracy of the results substantially. While the total
average inaccuracy of the high beacon density setup, is lower than the average
inaccuracy of the medium beacon density setup, the median actually increased a
bit.

4.2.2 Indoor accuracy results on iOS between no beacons and high
density beacon placement

Let us now consider the results on iOS, it should be noted that this sub chapter
will not go through medium beacon density results, because this is here to show
the IPS working on both Android and iOS. Once again we will start with the raw
location measurements which can be seen in figure 4.7 below:
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Figure 4.7: 2 figures showing the inaccuracy measured at each testing point for 10
seconds, where 1 sample represents 1 second. Note: The same legend applies to
both figures.

In figure 4.7 it can clearly be seen that there is a big improvement between
the tests where there was no IPS, and the tests where there was. There’s a clear
improvement across the board, although testing at point B with no beacons did
manage to get our location exactly right, but it unfortunately started getting it
wrong again after a few seconds. This on its own shows that the IPS worked on
both Android and iOS. They didn’t get the same results, however they didn’t
have equal hardware conditions either.

If we put the numbers from figure 4.7, and put them in a table we end up
with table 4.2. Again, the values have been rounded up to the nearest half a metre
due to inaccuracies of the testing methods.
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point x̄ x̃ s

A 12.5 13 4

B 7 6 7

C 21 21.5 3

D 12 12 0.5

E 18 18 0

F 15.1 10.5 6

G 31 32 4

H 18.5 19 0.5

total 17 15.5 3

(a) No beacons

point x̄ x̃ s

A 4 4 0.5

B 2 2 0.5

C 2 2 0.5

D 1.5 2 1

E 7.5 7.5 0

F 8 8 0

G 9 9 0.5

H 7 7 0.5

total 5 5.5 0.5

(b) High beacon density

Table 4.2: 2 tables showing the mean, median and standard deviation of the
measured inaccuracy at each testing point. The totals are calculated in the same
way as in table 4.1

Table 4.2 shows the same general theme as figure 4.7. Across the board there
is a big improvement between no beacons and the high beacon density setup. The
average inaccuracy is quite low, and overall would make navigating an indoor
environment only using the map on your phone quite viable.
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5 Conclusions & Recommendations

5.1 Conclusion

5.1.1 Research question 1

In the beginning of the thesis, we asked if making your own DIY beacon is viable
versus buying a commercial ready made solution. In chapter 4.1.3 we said that in
terms of signal performance, they perform more or less identical over all, which
would suggest the answer is yes. But there’s a lot more to the beacons than just
how they performed in this measurement.

Another thing to keep in mind is their relative battery performance. The
iBKS 105 as previously mentioned, has an estimated battery life of 38 months
with the settings we used for testing. The ESP32 has an estimated battery life of
15 days[17]. While these batteries are rechargeable, that is still relatively abysmal.
The only way to make the ESP32s a viable option versus commercial beacons,
would be to wire them to permanent electricity, but this adds a lot of cost to the
equation.

Appearance while subjective is another factor. Commercial beacons almost
always come in a nice plastic housing with some adhesive to stick them to surfaces,
or alternatively with screw holes to screw them into things. On the ESP32 side
of things, as previously mentioned we had to put ours in the little plastic bag it
came with. This looked so bad with our taping to the wall solution, that while we
were setting up the beacon from figure 3.4b, we had somebody walk by and ask
if we were installing a bomb. Obviously this was a joke, but it gives an accurate
description of what these things looked like. The ESP32’s would absolutely need
some proper plastic housing for them to sit in, and this would add cost. Adding
more cost would be an issue, because as things stand right now, the ESP32 costs
about as much as the commercial beacon. Adding more cost would tip the scale
further and further away from favouring the ESP32.

In conclusion, the ESP32 can be on par with a commercial solution, but
economics of scale are a real thing. Overall, it doesn’t make sense to make your
own beacons in this way instead of buying a commercial ready made beacon.

5.1.2 Research question 2

The other question asked, was if the improvement of an IPS is worth it? While
the improvement is there, as can be seen in Chapter 4.2, it was still far from perfect.
The results from chapter 4.2.2 are relatively closer to what we wanted, but clearly
these results didn’t happen on both platforms. This could have been because of
bad luck, or it could have been due to the age of the Android phone used. More
testing would have to be done with a wider range of devices to know for sure.

Overall, using a medium beacon density setup or maybe even a lower density
setup, and fingerprinting the environment would be worth it, but not always everywhere.
The 4th floor of the KE building has a relatively simple layout, so it’s very unlikely
somebody would get lost walking around there. While an IPS makes navigating
around a bit easier, the layout is so simple that we would say it’s not necessary
there. Setting up the IPS in an area with a more complex layout would be much
more worth it.

This does not mean we recommend against setting up IPS in a place like
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the 4th floor of the KE building. We suggest that other places in the university
should be prioritised first, because it would probably make more sense in other
places like the 1st floor of the KE building, which has a more difficult layout to
navigate.

5.2 Future Work

The results from this thesis could be expanded or improved upon given more
time and/or money. Some potential improvements would have been to source
a stand for the beacon and phone to sit in when doing the RSSI testing. This
would guarantee a more consistent distance, and that we don’t end up in a situation
where we ’hold it wrong’ between tests, and accidentally affect the results. Additionally,
testing more distances between multiple different units of the same beacon would
be good way to check the validity of the results.

For the IPS side of things, an interesting potential topic to look more into is
how the accuracy changes based on beacon density. Could also do the test with
more phones. In this case only 1 phone was tested per platform, and the phones
were drastically different. Therefore a platform comparison was not possible,
however a platform comparison would be interesting to do. It would just require
more phones, which could be compared more fairly if they have a similar age and
price point.

We would have liked to implement our IPS to a mapping service like MazeMap,
Apple Maps or Google Maps. Unfortunately, due to limited time on this project
we were unable to complete this goal. For the future we would like to further
develop our IPS and continue testing, as our initial test results looked promising.
With a fully integrated IPS at the University of Stavanger, it would not only help
students and faculty navigate their way around campus, but could also be used
during emergencies. In the event of a fire the IPS could help track and locate
people inside the buildings to make sure everyone has been evacuated.
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Appendix A

Source Code

The source code for the RSSI measuring app and text files with the results of our
measurements can be found in 2 compressed files called data.7z and iBeacondistancemeasure.7z
additionally the ESP32’s code to make it work as an iBeacon can be found in
Sparkfun esp32 iBeacon.7z
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iBeacon distance measure/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure.xcodeproj/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure.xcodeproj/project.pbxproj

// !$*UTF8*$!
{
	archiveVersion = 1;
	classes = {
	};
	objectVersion = 50;
	objects = {

/* Begin PBXBuildFile section */
		3C875D2D25EFAC0D00ABFAFB /* iBeacon_distance_measureApp.swift in Sources */ = {isa = PBXBuildFile; fileRef = 3C875D2C25EFAC0D00ABFAFB /* iBeacon_distance_measureApp.swift */; };
		3C875D2F25EFAC0D00ABFAFB /* ContentView.swift in Sources */ = {isa = PBXBuildFile; fileRef = 3C875D2E25EFAC0D00ABFAFB /* ContentView.swift */; };
		3C875D3125EFAC0F00ABFAFB /* Assets.xcassets in Resources */ = {isa = PBXBuildFile; fileRef = 3C875D3025EFAC0F00ABFAFB /* Assets.xcassets */; };
		3C875D3425EFAC0F00ABFAFB /* Preview Assets.xcassets in Resources */ = {isa = PBXBuildFile; fileRef = 3C875D3325EFAC0F00ABFAFB /* Preview Assets.xcassets */; };
		3CCED7A52600ABDA00AB77C1 /* distanceFuncs.swift in Sources */ = {isa = PBXBuildFile; fileRef = 3CCED7A42600ABDA00AB77C1 /* distanceFuncs.swift */; };
/* End PBXBuildFile section */

/* Begin PBXFileReference section */
		3C875D2925EFAC0D00ABFAFB /* iBeacon distance measure.app */ = {isa = PBXFileReference; explicitFileType = wrapper.application; includeInIndex = 0; path = "iBeacon distance measure.app"; sourceTree = BUILT_PRODUCTS_DIR; };
		3C875D2C25EFAC0D00ABFAFB /* iBeacon_distance_measureApp.swift */ = {isa = PBXFileReference; lastKnownFileType = sourcecode.swift; path = iBeacon_distance_measureApp.swift; sourceTree = "<group>"; };
		3C875D2E25EFAC0D00ABFAFB /* ContentView.swift */ = {isa = PBXFileReference; lastKnownFileType = sourcecode.swift; path = ContentView.swift; sourceTree = "<group>"; };
		3C875D3025EFAC0F00ABFAFB /* Assets.xcassets */ = {isa = PBXFileReference; lastKnownFileType = folder.assetcatalog; path = Assets.xcassets; sourceTree = "<group>"; };
		3C875D3325EFAC0F00ABFAFB /* Preview Assets.xcassets */ = {isa = PBXFileReference; lastKnownFileType = folder.assetcatalog; path = "Preview Assets.xcassets"; sourceTree = "<group>"; };
		3C875D3525EFAC0F00ABFAFB /* Info.plist */ = {isa = PBXFileReference; lastKnownFileType = text.plist.xml; path = Info.plist; sourceTree = "<group>"; };
		3CCED7A42600ABDA00AB77C1 /* distanceFuncs.swift */ = {isa = PBXFileReference; lastKnownFileType = sourcecode.swift; path = distanceFuncs.swift; sourceTree = "<group>"; };
/* End PBXFileReference section */

/* Begin PBXFrameworksBuildPhase section */
		3C875D2625EFAC0D00ABFAFB /* Frameworks */ = {
			isa = PBXFrameworksBuildPhase;
			buildActionMask = 2147483647;
			files = (
			);
			runOnlyForDeploymentPostprocessing = 0;
		};
/* End PBXFrameworksBuildPhase section */

/* Begin PBXGroup section */
		3C875D2025EFAC0D00ABFAFB = {
			isa = PBXGroup;
			children = (
				3C875D2B25EFAC0D00ABFAFB /* iBeacon distance measure */,
				3C875D2A25EFAC0D00ABFAFB /* Products */,
			);
			sourceTree = "<group>";
		};
		3C875D2A25EFAC0D00ABFAFB /* Products */ = {
			isa = PBXGroup;
			children = (
				3C875D2925EFAC0D00ABFAFB /* iBeacon distance measure.app */,
			);
			name = Products;
			sourceTree = "<group>";
		};
		3C875D2B25EFAC0D00ABFAFB /* iBeacon distance measure */ = {
			isa = PBXGroup;
			children = (
				3C875D2C25EFAC0D00ABFAFB /* iBeacon_distance_measureApp.swift */,
				3C875D2E25EFAC0D00ABFAFB /* ContentView.swift */,
				3CCED7A42600ABDA00AB77C1 /* distanceFuncs.swift */,
				3C875D3025EFAC0F00ABFAFB /* Assets.xcassets */,
				3C875D3525EFAC0F00ABFAFB /* Info.plist */,
				3C875D3225EFAC0F00ABFAFB /* Preview Content */,
			);
			path = "iBeacon distance measure";
			sourceTree = "<group>";
		};
		3C875D3225EFAC0F00ABFAFB /* Preview Content */ = {
			isa = PBXGroup;
			children = (
				3C875D3325EFAC0F00ABFAFB /* Preview Assets.xcassets */,
			);
			path = "Preview Content";
			sourceTree = "<group>";
		};
/* End PBXGroup section */

/* Begin PBXNativeTarget section */
		3C875D2825EFAC0D00ABFAFB /* iBeacon distance measure */ = {
			isa = PBXNativeTarget;
			buildConfigurationList = 3C875D3825EFAC0F00ABFAFB /* Build configuration list for PBXNativeTarget "iBeacon distance measure" */;
			buildPhases = (
				3C875D2525EFAC0D00ABFAFB /* Sources */,
				3C875D2625EFAC0D00ABFAFB /* Frameworks */,
				3C875D2725EFAC0D00ABFAFB /* Resources */,
			);
			buildRules = (
			);
			dependencies = (
			);
			name = "iBeacon distance measure";
			productName = "iBeacon distance measure";
			productReference = 3C875D2925EFAC0D00ABFAFB /* iBeacon distance measure.app */;
			productType = "com.apple.product-type.application";
		};
/* End PBXNativeTarget section */

/* Begin PBXProject section */
		3C875D2125EFAC0D00ABFAFB /* Project object */ = {
			isa = PBXProject;
			attributes = {
				LastSwiftUpdateCheck = 1240;
				LastUpgradeCheck = 1240;
				TargetAttributes = {
					3C875D2825EFAC0D00ABFAFB = {
						CreatedOnToolsVersion = 12.4;
					};
				};
			};
			buildConfigurationList = 3C875D2425EFAC0D00ABFAFB /* Build configuration list for PBXProject "iBeacon distance measure" */;
			compatibilityVersion = "Xcode 9.3";
			developmentRegion = en;
			hasScannedForEncodings = 0;
			knownRegions = (
				en,
				Base,
			);
			mainGroup = 3C875D2025EFAC0D00ABFAFB;
			productRefGroup = 3C875D2A25EFAC0D00ABFAFB /* Products */;
			projectDirPath = "";
			projectRoot = "";
			targets = (
				3C875D2825EFAC0D00ABFAFB /* iBeacon distance measure */,
			);
		};
/* End PBXProject section */

/* Begin PBXResourcesBuildPhase section */
		3C875D2725EFAC0D00ABFAFB /* Resources */ = {
			isa = PBXResourcesBuildPhase;
			buildActionMask = 2147483647;
			files = (
				3C875D3425EFAC0F00ABFAFB /* Preview Assets.xcassets in Resources */,
				3C875D3125EFAC0F00ABFAFB /* Assets.xcassets in Resources */,
			);
			runOnlyForDeploymentPostprocessing = 0;
		};
/* End PBXResourcesBuildPhase section */

/* Begin PBXSourcesBuildPhase section */
		3C875D2525EFAC0D00ABFAFB /* Sources */ = {
			isa = PBXSourcesBuildPhase;
			buildActionMask = 2147483647;
			files = (
				3C875D2F25EFAC0D00ABFAFB /* ContentView.swift in Sources */,
				3C875D2D25EFAC0D00ABFAFB /* iBeacon_distance_measureApp.swift in Sources */,
				3CCED7A52600ABDA00AB77C1 /* distanceFuncs.swift in Sources */,
			);
			runOnlyForDeploymentPostprocessing = 0;
		};
/* End PBXSourcesBuildPhase section */

/* Begin XCBuildConfiguration section */
		3C875D3625EFAC0F00ABFAFB /* Debug */ = {
			isa = XCBuildConfiguration;
			buildSettings = {
				ALWAYS_SEARCH_USER_PATHS = NO;
				CLANG_ANALYZER_NONNULL = YES;
				CLANG_ANALYZER_NUMBER_OBJECT_CONVERSION = YES_AGGRESSIVE;
				CLANG_CXX_LANGUAGE_STANDARD = "gnu++14";
				CLANG_CXX_LIBRARY = "libc++";
				CLANG_ENABLE_MODULES = YES;
				CLANG_ENABLE_OBJC_ARC = YES;
				CLANG_ENABLE_OBJC_WEAK = YES;
				CLANG_WARN_BLOCK_CAPTURE_AUTORELEASING = YES;
				CLANG_WARN_BOOL_CONVERSION = YES;
				CLANG_WARN_COMMA = YES;
				CLANG_WARN_CONSTANT_CONVERSION = YES;
				CLANG_WARN_DEPRECATED_OBJC_IMPLEMENTATIONS = YES;
				CLANG_WARN_DIRECT_OBJC_ISA_USAGE = YES_ERROR;
				CLANG_WARN_DOCUMENTATION_COMMENTS = YES;
				CLANG_WARN_EMPTY_BODY = YES;
				CLANG_WARN_ENUM_CONVERSION = YES;
				CLANG_WARN_INFINITE_RECURSION = YES;
				CLANG_WARN_INT_CONVERSION = YES;
				CLANG_WARN_NON_LITERAL_NULL_CONVERSION = YES;
				CLANG_WARN_OBJC_IMPLICIT_RETAIN_SELF = YES;
				CLANG_WARN_OBJC_LITERAL_CONVERSION = YES;
				CLANG_WARN_OBJC_ROOT_CLASS = YES_ERROR;
				CLANG_WARN_QUOTED_INCLUDE_IN_FRAMEWORK_HEADER = YES;
				CLANG_WARN_RANGE_LOOP_ANALYSIS = YES;
				CLANG_WARN_STRICT_PROTOTYPES = YES;
				CLANG_WARN_SUSPICIOUS_MOVE = YES;
				CLANG_WARN_UNGUARDED_AVAILABILITY = YES_AGGRESSIVE;
				CLANG_WARN_UNREACHABLE_CODE = YES;
				CLANG_WARN__DUPLICATE_METHOD_MATCH = YES;
				COPY_PHASE_STRIP = NO;
				DEBUG_INFORMATION_FORMAT = dwarf;
				ENABLE_STRICT_OBJC_MSGSEND = YES;
				ENABLE_TESTABILITY = YES;
				GCC_C_LANGUAGE_STANDARD = gnu11;
				GCC_DYNAMIC_NO_PIC = NO;
				GCC_NO_COMMON_BLOCKS = YES;
				GCC_OPTIMIZATION_LEVEL = 0;
				GCC_PREPROCESSOR_DEFINITIONS = (
					"DEBUG=1",
					"$(inherited)",
				);
				GCC_WARN_64_TO_32_BIT_CONVERSION = YES;
				GCC_WARN_ABOUT_RETURN_TYPE = YES_ERROR;
				GCC_WARN_UNDECLARED_SELECTOR = YES;
				GCC_WARN_UNINITIALIZED_AUTOS = YES_AGGRESSIVE;
				GCC_WARN_UNUSED_FUNCTION = YES;
				GCC_WARN_UNUSED_VARIABLE = YES;
				IPHONEOS_DEPLOYMENT_TARGET = 14.4;
				MTL_ENABLE_DEBUG_INFO = INCLUDE_SOURCE;
				MTL_FAST_MATH = YES;
				ONLY_ACTIVE_ARCH = YES;
				SDKROOT = iphoneos;
				SWIFT_ACTIVE_COMPILATION_CONDITIONS = DEBUG;
				SWIFT_OPTIMIZATION_LEVEL = "-Onone";
			};
			name = Debug;
		};
		3C875D3725EFAC0F00ABFAFB /* Release */ = {
			isa = XCBuildConfiguration;
			buildSettings = {
				ALWAYS_SEARCH_USER_PATHS = NO;
				CLANG_ANALYZER_NONNULL = YES;
				CLANG_ANALYZER_NUMBER_OBJECT_CONVERSION = YES_AGGRESSIVE;
				CLANG_CXX_LANGUAGE_STANDARD = "gnu++14";
				CLANG_CXX_LIBRARY = "libc++";
				CLANG_ENABLE_MODULES = YES;
				CLANG_ENABLE_OBJC_ARC = YES;
				CLANG_ENABLE_OBJC_WEAK = YES;
				CLANG_WARN_BLOCK_CAPTURE_AUTORELEASING = YES;
				CLANG_WARN_BOOL_CONVERSION = YES;
				CLANG_WARN_COMMA = YES;
				CLANG_WARN_CONSTANT_CONVERSION = YES;
				CLANG_WARN_DEPRECATED_OBJC_IMPLEMENTATIONS = YES;
				CLANG_WARN_DIRECT_OBJC_ISA_USAGE = YES_ERROR;
				CLANG_WARN_DOCUMENTATION_COMMENTS = YES;
				CLANG_WARN_EMPTY_BODY = YES;
				CLANG_WARN_ENUM_CONVERSION = YES;
				CLANG_WARN_INFINITE_RECURSION = YES;
				CLANG_WARN_INT_CONVERSION = YES;
				CLANG_WARN_NON_LITERAL_NULL_CONVERSION = YES;
				CLANG_WARN_OBJC_IMPLICIT_RETAIN_SELF = YES;
				CLANG_WARN_OBJC_LITERAL_CONVERSION = YES;
				CLANG_WARN_OBJC_ROOT_CLASS = YES_ERROR;
				CLANG_WARN_QUOTED_INCLUDE_IN_FRAMEWORK_HEADER = YES;
				CLANG_WARN_RANGE_LOOP_ANALYSIS = YES;
				CLANG_WARN_STRICT_PROTOTYPES = YES;
				CLANG_WARN_SUSPICIOUS_MOVE = YES;
				CLANG_WARN_UNGUARDED_AVAILABILITY = YES_AGGRESSIVE;
				CLANG_WARN_UNREACHABLE_CODE = YES;
				CLANG_WARN__DUPLICATE_METHOD_MATCH = YES;
				COPY_PHASE_STRIP = NO;
				DEBUG_INFORMATION_FORMAT = "dwarf-with-dsym";
				ENABLE_NS_ASSERTIONS = NO;
				ENABLE_STRICT_OBJC_MSGSEND = YES;
				GCC_C_LANGUAGE_STANDARD = gnu11;
				GCC_NO_COMMON_BLOCKS = YES;
				GCC_WARN_64_TO_32_BIT_CONVERSION = YES;
				GCC_WARN_ABOUT_RETURN_TYPE = YES_ERROR;
				GCC_WARN_UNDECLARED_SELECTOR = YES;
				GCC_WARN_UNINITIALIZED_AUTOS = YES_AGGRESSIVE;
				GCC_WARN_UNUSED_FUNCTION = YES;
				GCC_WARN_UNUSED_VARIABLE = YES;
				IPHONEOS_DEPLOYMENT_TARGET = 14.4;
				MTL_ENABLE_DEBUG_INFO = NO;
				MTL_FAST_MATH = YES;
				SDKROOT = iphoneos;
				SWIFT_COMPILATION_MODE = wholemodule;
				SWIFT_OPTIMIZATION_LEVEL = "-O";
				VALIDATE_PRODUCT = YES;
			};
			name = Release;
		};
		3C875D3925EFAC0F00ABFAFB /* Debug */ = {
			isa = XCBuildConfiguration;
			buildSettings = {
				ASSETCATALOG_COMPILER_APPICON_NAME = AppIcon;
				ASSETCATALOG_COMPILER_GLOBAL_ACCENT_COLOR_NAME = AccentColor;
				CODE_SIGN_STYLE = Automatic;
				DEVELOPMENT_ASSET_PATHS = "\"iBeacon distance measure/Preview Content\"";
				DEVELOPMENT_TEAM = Y46RWJ345Q;
				ENABLE_PREVIEWS = YES;
				INFOPLIST_FILE = "iBeacon distance measure/Info.plist";
				IPHONEOS_DEPLOYMENT_TARGET = 14.0;
				LD_RUNPATH_SEARCH_PATHS = (
					"$(inherited)",
					"@executable_path/Frameworks",
				);
				PRODUCT_BUNDLE_IDENTIFIER = "com.stephanbrandasu.iBeacon-distance-measure";
				PRODUCT_NAME = "$(TARGET_NAME)";
				SWIFT_VERSION = 5.0;
				TARGETED_DEVICE_FAMILY = "1,2";
			};
			name = Debug;
		};
		3C875D3A25EFAC0F00ABFAFB /* Release */ = {
			isa = XCBuildConfiguration;
			buildSettings = {
				ASSETCATALOG_COMPILER_APPICON_NAME = AppIcon;
				ASSETCATALOG_COMPILER_GLOBAL_ACCENT_COLOR_NAME = AccentColor;
				CODE_SIGN_STYLE = Automatic;
				DEVELOPMENT_ASSET_PATHS = "\"iBeacon distance measure/Preview Content\"";
				DEVELOPMENT_TEAM = Y46RWJ345Q;
				ENABLE_PREVIEWS = YES;
				INFOPLIST_FILE = "iBeacon distance measure/Info.plist";
				IPHONEOS_DEPLOYMENT_TARGET = 14.0;
				LD_RUNPATH_SEARCH_PATHS = (
					"$(inherited)",
					"@executable_path/Frameworks",
				);
				PRODUCT_BUNDLE_IDENTIFIER = "com.stephanbrandasu.iBeacon-distance-measure";
				PRODUCT_NAME = "$(TARGET_NAME)";
				SWIFT_VERSION = 5.0;
				TARGETED_DEVICE_FAMILY = "1,2";
			};
			name = Release;
		};
/* End XCBuildConfiguration section */

/* Begin XCConfigurationList section */
		3C875D2425EFAC0D00ABFAFB /* Build configuration list for PBXProject "iBeacon distance measure" */ = {
			isa = XCConfigurationList;
			buildConfigurations = (
				3C875D3625EFAC0F00ABFAFB /* Debug */,
				3C875D3725EFAC0F00ABFAFB /* Release */,
			);
			defaultConfigurationIsVisible = 0;
			defaultConfigurationName = Release;
		};
		3C875D3825EFAC0F00ABFAFB /* Build configuration list for PBXNativeTarget "iBeacon distance measure" */ = {
			isa = XCConfigurationList;
			buildConfigurations = (
				3C875D3925EFAC0F00ABFAFB /* Debug */,
				3C875D3A25EFAC0F00ABFAFB /* Release */,
			);
			defaultConfigurationIsVisible = 0;
			defaultConfigurationName = Release;
		};
/* End XCConfigurationList section */
	};
	rootObject = 3C875D2125EFAC0D00ABFAFB /* Project object */;
}
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[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
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[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
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[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
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[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
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iBeacon distance measure/iBeacon distance measure.xcodeproj/xcuserdata/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure.xcodeproj/xcuserdata/stephan-mbp.xcuserdatad/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure.xcodeproj/xcuserdata/stephan-mbp.xcuserdatad/xcschemes/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure.xcodeproj/xcuserdata/stephan-mbp.xcuserdatad/xcschemes/xcschememanagement.plist

SchemeUserStateiBeacon distance measure.xcscheme_^#shared#^_orderHint0



iBeacon distance measure/iBeacon distance measure/Assets.xcassets/AccentColor.colorset/Contents.json

{
  "colors" : [
    {
      "idiom" : "universal"
    }
  ],
  "info" : {
    "author" : "xcode",
    "version" : 1
  }
}







iBeacon distance measure/iBeacon distance measure/Assets.xcassets/AccentColor.colorset/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure/Assets.xcassets/AppIcon.appiconset/Contents.json

{
  "images" : [
    {
      "idiom" : "iphone",
      "scale" : "2x",
      "size" : "20x20"
    },
    {
      "idiom" : "iphone",
      "scale" : "3x",
      "size" : "20x20"
    },
    {
      "idiom" : "iphone",
      "scale" : "2x",
      "size" : "29x29"
    },
    {
      "idiom" : "iphone",
      "scale" : "3x",
      "size" : "29x29"
    },
    {
      "idiom" : "iphone",
      "scale" : "2x",
      "size" : "40x40"
    },
    {
      "idiom" : "iphone",
      "scale" : "3x",
      "size" : "40x40"
    },
    {
      "idiom" : "iphone",
      "scale" : "2x",
      "size" : "60x60"
    },
    {
      "idiom" : "iphone",
      "scale" : "3x",
      "size" : "60x60"
    },
    {
      "idiom" : "ipad",
      "scale" : "1x",
      "size" : "20x20"
    },
    {
      "idiom" : "ipad",
      "scale" : "2x",
      "size" : "20x20"
    },
    {
      "idiom" : "ipad",
      "scale" : "1x",
      "size" : "29x29"
    },
    {
      "idiom" : "ipad",
      "scale" : "2x",
      "size" : "29x29"
    },
    {
      "idiom" : "ipad",
      "scale" : "1x",
      "size" : "40x40"
    },
    {
      "idiom" : "ipad",
      "scale" : "2x",
      "size" : "40x40"
    },
    {
      "idiom" : "ipad",
      "scale" : "1x",
      "size" : "76x76"
    },
    {
      "idiom" : "ipad",
      "scale" : "2x",
      "size" : "76x76"
    },
    {
      "idiom" : "ipad",
      "scale" : "2x",
      "size" : "83.5x83.5"
    },
    {
      "idiom" : "ios-marketing",
      "scale" : "1x",
      "size" : "1024x1024"
    }
  ],
  "info" : {
    "author" : "xcode",
    "version" : 1
  }
}







iBeacon distance measure/iBeacon distance measure/Assets.xcassets/AppIcon.appiconset/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure/Assets.xcassets/Contents.json

{
  "info" : {
    "author" : "xcode",
    "version" : 1
  }
}







iBeacon distance measure/iBeacon distance measure/Assets.xcassets/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure/ContentView.swift

//
//  ContentView.swift
//  iBeacon distance measure
//
//  Created by the IPS-IDE bachelor group at UIS in Q1 2021
//

import SwiftUI
import Combine
import CoreLocation
import Foundation

var locationManager: CLLocationManager!

class BeaconDetector: NSObject, ObservableObject, CLLocationManagerDelegate{
    var locationManager: CLLocationManager?
    let dateFormatter = DateFormatter()
    @Published var lastDistance = "never connected"
    @Published var accuracy = Double()
    @Published var major = CLBeaconMajorValue()
    @Published var minor = CLBeaconMinorValue()
    @Published var lastSeen = String()
    @Published var rssi = Int()
    @Published var rssiDistance = Double()
    
    override init(){
        super.init()
        // requests permission to scan for beacons
        locationManager = CLLocationManager()
        locationManager?.delegate = self
        locationManager?.requestWhenInUseAuthorization()
    }
    
    func locationManager(_ manager: CLLocationManager, didChangeAuthorization status: CLAuthorizationStatus){
        // if app is authorized to use location
        if status == .authorizedWhenInUse{
            // monitoring is available for our device
            if CLLocationManager.isMonitoringAvailable(for: CLBeaconRegion.self){
                // ranging is available for our device
                if CLLocationManager.isRangingAvailable(){
                    startScanning()
                }
            }
        }
    }
    
    func startScanning(){
        // "uuidgen" in terminal can generate a uuid
        let uuid = UUID(uuidString: "098AB1AC-28F4-42D6-A080-FD45387B4231")!
        let major = CLBeaconMajorValue("1104")!
        let minor = CLBeaconMinorValue("0000")!
        let constraint = CLBeaconIdentityConstraint(uuid: uuid, major: major, minor: minor)
        let beaconRegion = CLBeaconRegion(beaconIdentityConstraint: constraint, identifier: "TestBeacon")
        
        // start monitoring for the beacon identified above
        locationManager?.startMonitoring(for: beaconRegion)
        // start raning said beacon
        locationManager?.startRangingBeacons(satisfying: constraint)
    }
    
    // when start scanning works we will get a callback
    func locationManager(_ manager: CLLocationManager, didRange beacons: [CLBeacon], satisfying beaconConstraint: CLBeaconIdentityConstraint) {
        // sets format for date
        let df = DateFormatter()
        df.dateFormat = "HH:mm:ss"
        // with the range of the first beacon found
        if let beacon = beacons.first {
            lastDistance = updateDistance(distance: beacon.proximity)
            // beacon major & minor, just used for additional identification if explicit major minor wasnt previously given.
            major = CLBeaconMajorValue(truncating: beacon.major)
            minor = CLBeaconMinorValue(truncating: beacon.minor)
            // print the rssi into console, this can be copied into a file when you're done to read whatever information you want to have.
            print(beacon.rssi)
            // to make the app more readable information only updates when beacon was successfuly contacted
            if beacon.proximity != .unknown {
                lastSeen = df.string(from: beacon.timestamp)
                rssi = beacon.rssi
                // https://developer.apple.com/documentation/corelocation/clbeacon/1621551-accuracy
                accuracy = beacon.accuracy
                rssiDistance = calcDistanceRSSI(rssi: beacon.rssi)
            }
        }
    }

    // update the range property
    func updateDistance(distance: CLProximity) -> String{
        if distance == .immediate {
            return "immediate"
        } else if distance == .near {
            return "near"
        } else if distance == .far {
            return "far"
        } else {
            return "unknown"
        }
    }
}

struct ContentView: View {
    @ObservedObject var detector = BeaconDetector()
    var body: some View {
        VStack{
            Spacer()
            VStack{
                Text(detector.lastDistance).font(Font.system(size: 24))
                HStack{
                    Text("major: "+detector.major.description).padding()
                    Text("minor: "+detector.minor.description).padding()
                }
            }
            Spacer()
            Text("last seen:")
            Text(detector.lastSeen).padding(.bottom)
            HStack{
                Spacer()
                VStack{
                    Text("rssi:")
                    Text("Accuracy:")
                    Text("rssi distance:")
                }
                Spacer()
                VStack{
                    Text(detector.rssi.description)
                    Text(roundTo3(x: detector.accuracy).description)
                    Text(roundTo3(x: detector.rssiDistance).description)
                }
                Spacer()
            }
            Spacer()
        }
    }
}

struct ContentView_Previews: PreviewProvider {
    static var previews: some View {
        Group {
            ContentView()
        }
    }
}







iBeacon distance measure/iBeacon distance measure/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure/distanceFuncs.swift

//
//  distanceFuncs.swift
//  iBeacon distance measure
//
//  Created by the IPS-IDE bachelor group at UIS in Q1 2021
//

import Foundation

func roundTo3(x: Double) -> Double {
    let y = Double(round(1000*x)/1000)
    return y
}

func calcDistanceRSSI(rssi: Int) -> Double {
    // https://dzone.com/articles/formula-to-convert-the-rssi-value-of-the-ble-bluet
    let mPower = -68
    // this is a sort of signal strength indicator.
    // has to be between 2 and 4
    // 2 is low strength, 4 is high
    let n = 3
    let distance = pow(10, (Double(mPower-rssi)/Double(10 * n)))
    return distance
}







iBeacon distance measure/iBeacon distance measure/iBeacon_distance_measureApp.swift

//
//  iBeacon_distance_measureApp.swift
//  iBeacon distance measure
//
//  Created by the IPS-IDE bachelor group at UIS in Q1 2021
//

import SwiftUI

@main
struct iBeacon_distance_measureApp: App {
    var body: some Scene {
        WindowGroup {
            ContentView()
        }
    }
}







iBeacon distance measure/iBeacon distance measure/Info.plist

CFBundleDevelopmentRegion$(DEVELOPMENT_LANGUAGE)CFBundleExecutable$(EXECUTABLE_NAME)CFBundleIdentifier$(PRODUCT_BUNDLE_IDENTIFIER)CFBundleInfoDictionaryVersion6.0CFBundleName$(PRODUCT_NAME)CFBundlePackageType$(PRODUCT_BUNDLE_PACKAGE_TYPE)CFBundleShortVersionString1.0CFBundleVersion1LSRequiresIPhoneOStrueNSLocationAlwaysAndWhenInUseUsageDescriptionTo find nearby iBeaconsNSLocationWhenInUseUsageDescriptionTo find nearby iBeaconsUIApplicationSceneManifestUIApplicationSupportsMultipleScenestrueUIApplicationSupportsIndirectInputEventstrueUILaunchScreenUIRequiredDeviceCapabilitiesarmv7UISupportedInterfaceOrientationsUIInterfaceOrientationPortraitUIInterfaceOrientationLandscapeLeftUIInterfaceOrientationLandscapeRightUISupportedInterfaceOrientations~ipadUIInterfaceOrientationPortraitUIInterfaceOrientationPortraitUpsideDownUIInterfaceOrientationLandscapeLeftUIInterfaceOrientationLandscapeRight



iBeacon distance measure/iBeacon distance measure/Preview Content/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






iBeacon distance measure/iBeacon distance measure/Preview Content/Preview Assets.xcassets/Contents.json

{
  "info" : {
    "author" : "xcode",
    "version" : 1
  }
}







iBeacon distance measure/iBeacon distance measure/Preview Content/Preview Assets.xcassets/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    







data/accuracy/android_high.txt

1		2		3		4		5		6		7		8		9		10

2		2		2		2		2		2		2		2		2		2
4		4.5		5		5		5.5		6		6		6		6		6
1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		2
17		17		17		17		17		17		17		17		17		18.5
6.5		6.5		6.5		6.5		6.5		6.5		6.5		7		7		7
5.5		6		5.5		6		5.5		4		4		4		6		6
22.5	22.5	22.5	22.5	20		20		22.5	22.5	22.5	22.5
1		1		2.5		2.5		2.5		2.5		2.5		2.5		2.5		2.5






data/accuracy/android_medium.txt

1		2		3		4		5		6		7		8		9		10

5		4		4		4		4		4		4		4		4		3.5
4		4		4		4		4		4		4		4		4		4
1		1		1		1		1		1		1		2		3		3
12		12		12		12		12		12		12		12		12		12
3		3		3		3		4		5		6		6		6		6
8.5		8.5		9		9		8.5		9		8.5		9		9		9
39		39		39		39		39		39		39		39		39		39
1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5






data/accuracy/android_no.txt

1		2		3		4		5		6		7		8		9		10

9		7		7		7		7		7		7		7		7		7	
3		3		3		3		1		1		1		1		1		1
15		15		15		15		15		15		15		15		15.5	16
7		7		7		7		7		7		7		7		7		7
5.5		5.5		5.5		5.5		5.5		5.5		5.5		5.5		5.5		16
9.5		9.5		9.5		9.5		10		9		9.5		9.5		9.5		9.5
10		30		37		37		23		23		29		28.5	23		16.5
17.5	16		12.5	9		7		5		4		2		4		5






data/accuracy/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/accuracy/ios_high.txt

1		2		3		4		5		6		7		8		9		10	

4.5		4.5		4.5		4.5		4		4		4		4		4		4
2.5		1		1		1		2		2		2		2.5		2.5		2.5
2		2.5		2.5		2.5		2.5		2		1.5		1.5		1.5		1
0		1		1		1		2		2		2		2		2		2
7.5		7.5		7.5		7.5		7.5		7.5		7.5		7.5		7.5		7.5
8		8		8		8		8		8		8		8		8.5		8.5
10		10		9		9		9		9		9		9		9		9
7		7		7		7		7		7		7		7		8		7






data/accuracy/ios_no.txt

1		2		3		4		5		6		7		8		9		10

8		8		13		14.5	14.5	14.5	13		9.5		9.5		20.5
18		19		8.5		7		8.5		0		0		0		5		5
24		17		24		16		18		20		21		22		24		24
10		12		12		12		12		12		12		12		12		12
18		18		18		18		18		18		18		18		18		18
22		22		22		22		10.5	10.5	10.5	10.5	10.5	10.5
27		27		27		27		29		35		35		35		35		35
19		19		19		19		19		19		18		18		18		18






data/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/rssi-in/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/rssi-in/esp32/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/rssi-in/esp32/rssi-in-16m-0000.txt

-83
-81
-79
-76
-77
-78
-79
-74
-74
-75
-75
-75
-74
-74
-74
-74
-74
-74
-74
-74
-74
-74
-74
-74
-75
-73
-73
-73
-74
-74
-74
-74
-73
-73
-72
-72
-73
-73
-73
-73
-75
-75
-73
-72
-72
-73
-73
-72
-72
-73
-73
-74
-74
-74
-73
-73
-73
-75
-84
-83
-83
-83
-82
-82
-83
-82
-82
-82
-82
-82
-83
-83
-84
-83
-82
-82
-83
-86
-84
-88
-87
-87
-86
-86
-88
-88
-87
-87
-87
-86
-85
-85
-84
-82
-82
-81
-82
-83
-83
-82
-82
-83
-82
-81
-82
-84
-83
-83
-82
-81
-80
-81
-81
-83
-82
-83
-83
-81
-82
-83
-83
-84






data/rssi-in/esp32/rssi-in-1m-0000.txt

-59
-60
-60
-61
-60
-62
-63
-63
-62
-61
-61
-61
-61
-62
-62
-61
-61
-61
-60
-60
-60
-60
-61
-61
-61
-62
-61
-62
-61
-62
-62
-61
-62
-61
-61
-62
-62
-62
-62
-61
-60
-60
-60
-60
-60
-61
-61
-62
-62
-61
-60
-61
-61
-61
-61
-62
-61
-61
-61
-60
-60
-61
-60
-59
-60
-60
-60
-61
-61
-61
-61
-61
-61
-61
-62
-62
-62
-62
-61
-61
-61
-61
-62
-61
-61
-61
-60
-61
-61
-60
-60
-61
-60
-60
-61
-61
-61
-61
-60
-60
-60
-61
-61
-61
-61
-63
-64
-63
-62
-60
-61
-62
-62
-61
-62
-62
-61
-60
-60
-60
-59
-59







data/rssi-in/esp32/rssi-in-2m-0000.txt

-66
-66
-67
-66
-63
-66
-66
-64
-66
-66
-71
-71
-70
-71
-72
-72
-70
-69
-68
-67
-67
-67
-67
-67
-65
-64
-64
-65
-66
-65
-65
-65
-66
-66
-67
-67
-69
-67
-65
-69
-67
-64
-64
-68
-65
-64
-64
-64
-67
-67
-65
-67
-68
-66
-66
-65
-64
-65
-67
-66
-66
-69
-67
-68
-69
-69
-69
-66
-66
-67
-71
-69
-69
-68
-68
-66
-64
-65
-66
-64
-65
-65
-64
-66
-65
-62
-63
-63
-63
-63
-63
-63
-63
-62
-64
-64
-65
-66
-64
-65
-64
-65
-65
-64
-66
-65
-64
-65
-67
-67
-65
-63
-64
-63
-65
-64
-66
-66
-66
-68
-66
-65






data/rssi-in/esp32/rssi-in-32m-0000.txt

-86
-85
-86
-86
-86
-86
-86
-86
-87
-88
-87
-87
-88
-88
-88
-87
-86
-86
-85
-85
-85
-84
-84
-84
-84
-85
-86
-88
-87
-87
-87
-87
-86
-87
-86
-86
-87
-86
-86
-87
-87
-88
-87
-85
-87
-87
-87
-87
-87
-87
-88
-86
-86
-87
-87
-87
-87
-88
-87
-87
-88
-87
-87
-86
-86
-88
-88
-88
-88
-89
-88
-89
-88
-88
-88
-87
-87
-87
-88
-87
-88
-89
-88
-87
-89
-88
-87
-86
-87
-89
-92
-93
-93
0
0
0
0
0
0
-91
-88
-90
-89
-88
-88
-88
-86
-85
-86
-87
-90
-90
-90
-87
-87
-88
-86
-87
-88
-87
-88
-88







data/rssi-in/esp32/rssi-in-4m-0000.txt

-67
-67
-67
-67
-66
-66
-66
-66
-66
-65
-65
-65
-65
-65
-65
-65
-65
-65
-65
-65
-65
-66
-66
-66
-65
-65
-65
-64
-64
-65
-66
-66
-66
-65
-65
-65
-65
-66
-66
-66
-66
-67
-67
-67
-66
-66
-66
-68
-68
-68
-69
-68
-67
-67
-67
-68
-67
-66
-66
-66
-65
-66
-67
-67
-66
-66
-67
-67
-67
-68
-68
-67
-66
-67
-67
-68
-68
-68
-67
-66
-67
-68
-68
-67
-68
-68
-68
-68
-68
-69
-69
-69
-70
-69
-68
-67
-69
-69
-68
-68
-68
-68
-68
-69
-68
-68
-68
-68
-67
-67
-68
-68
-68
-68
-69
-70
-68
-68
-68
-68
-67
-67






data/rssi-in/esp32/rssi-in-8m-0000.txt

-70
-70
-68
-68
-68
-69
-69
-69
-69
-70
-71
-71
-71
-71
-72
-72
-73
-71
-71
-71
-71
-71
-71
-71
-72
-72
-72
-73
-72
-72
-72
-74
-75
-75
-73
-74
-73
-72
-71
-74
-74
-74
-74
-74
-74
-74
-72
-72
-73
-75
-75
-72
-71
-72
-75
-74
-74
-74
-72
-72
-72
-73
-70
-70
-69
-70
-71
-71
-71
-72
-73
-75
-73
-72
-73
-74
-73
-73
-73
-74
-74
-73
-74
-74
-74
-72
-73
-72
-72
-71
-72
-73
-74
-73
-74
-72
-71
-71
-71
-72
-74
-73
-71
-71
-71
-71
-71
-72
-73
-73
-73
-72
-73
-73
-74
-73
-73
-73
-74
-74
-74
-73







data/rssi-in/ibks105/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/rssi-in/ibks105/rssi-in-16m-0010.txt

-76
-76
-76
-76
-76
-77
-77
-82
-84
-78
-78
-84
-90
-87
-87
-89
-89
-89
-90
-82
-77
-77
-77
-79
-76
-76
-89
-84
-79
-75
-75
-78
-75
-75
0
-78
-78
-78
-80
-76
-76
-76
0
-87
-81
-81
-75
-75
-86
0
-79
-77
-77
-80
-80
0
0
0
-90
-77
-77
0
-75
-75
-84
-78
-76
-76
-76
-76
0
0
-78
-78
-77
-77
-79
-81
0
-75
-75
-75
-75
-75
-76
-77
-77
-77
-75
-75
-88
-82
-79
-76
-76
-76
-81
-81
-79
-77
-78
-77
-77
-77
-77
-78
-77
-77
-77
0
-77
-77
-77
-77
-77
-78
-78
-76
0
0
-76
-77






data/rssi-in/ibks105/rssi-in-1m-0010.txt

-84
-92
-71
-71
-79
-84
-73
-73
-78
-76
-71
-71
-65
-65
0
0
-66
-66
-65
-65
-64
-64
-66
-66
-67
-67
-67
-77
-68
-68
-69
-71
-70
-70
-65
-65
-66
-66
-75
-69
-67
-67
-68
-68
-77
-64
-64
0
0
-74
-74
-69
-73
-74
-71
-69
-69
0
0
-78
-78
-70
-70
-67
-68
-81
-73
-72
0
0
-74
-68
-67
-70
-69
-74
0
-68
-69
-71
-66
0
-72
0
-67
0
-72
0
0
-72
0
-68
-70
-72
-65
-67
-65
-65
-68
-70
-74
0
0
0
-71
-75
-67
-68
0
0
-69
-84
-84
-73
-74
-77
-72
-69
-71
-73
-68
-71







data/rssi-in/ibks105/rssi-in-2m-0010.txt

-66
0
0
0
-65
0
-64
0
-61
-71
-63
0
-62
-62
-64
-67
0
-62
-64
-62
-64
-65
-64
-65
-66
-62
-61
0
-67
-63
0
-65
-65
-63
-62
-62
-65
0
0
-66
0
-67
-63
0
0
-64
0
-63
0
-67
-67
0
0
-67
-67
-65
-65
-65
-65
-65
0
-64
-64
-63
-63
-66
-65
-64
-63
-63
-65
0
0
0
-68
-68
0
-66
-66
-63
-61
-61
-68
-62
-62
-63
-67
-67
-67
-66
-64
-62
-62
-62
-62
0
-70
-70
-62
-62
-67
-61
-61
-62
-62
-62
-61
-61
-69
-69
-62
-62
-61
-61
-62
-62
-68
-68
-68
-62
-63
-62






data/rssi-in/ibks105/rssi-in-32m-0010.txt

-86
-89
0
-88
-88
-85
-86
-88
0
-84
-85
-89
-89
-89
-90
-89
-84
-84
-91
-91
0
-88
-86
-85
-87
-88
-85
-85
-88
-89
-92
-91
-90
0
0
-87
-87
-89
-87
0
-87
-92
0
-88
0
-91
-85
-92
0
-91
-88
-88
0
-85
-92
0
0
0
0
0
0
-87
0
0
0
0
0
-87
-84
-86
0
-86
0
0
0
-86
0
0
-84
-82
-87
0
0
-84
0
0
-89
0
0
0
-91
0
-83
-88
-88
-88
0
0
-85
0
0
-80
0
0
-90
-88
0
-91
0
0
-78
-78
-81
0
0
-82
-89
0
-91
-84
-84
0







data/rssi-in/ibks105/rssi-in-4m-0010.txt

-65
-63
-63
-64
-81
-81
-65
-65
-65
-65
-79
-66
-66
-66
-66
-65
-65
-65
-81
-65
-65
-71
-71
0
0
0
0
-81
-71
-71
-65
-65
-69
-65
-73
-73
-79
-79
-68
-66
-66
-84
0
-68
-67
-67
-75
-68
-66
-65
-69
-65
-65
-69
-69
-83
-72
-72
-65
-65
-70
0
0
-70
0
-70
-71
-67
-87
-64
-75
0
-73
-65
-73
0
-75
-70
0
-72
-77
0
0
-74
0
0
-65
0
-67
-76
-67
0
0
-71
-66
-76
-73
0
-85
-72
0
-83
0
-72
-66
0
0
-79
0
-70
-65
0
0
-85
-65
0
0
0
-64
-70
-65
-78








data/rssi-in/ibks105/rssi-in-8m-0010.txt

-80
-74
-74
-79
-79
-88
-80
-80
-83
-84
-86
-87
-87
0
-79
-79
-82
-80
-80
0
-79
-79
-78
-78
-80
0
-82
-82
-79
-79
-87
-84
-85
-84
-82
-85
-82
-81
-79
0
-77
-77
-78
-80
-79
-78
0
-81
-80
-78
-78
-78
-76
-76
-77
-77
0
0
-79
-79
0
-80
-76
-76
-81
-81
-87
-79
-79
-83
-83
-78
-85
0
-77
-77
0
0
-78
-78
-80
-84
-84
-77
-86
-84
-76
-88
-90
-78
-82
-82
-83
0
0
0
0
-76
-78
0
-76
0
0
-76
-76
-85
0
-78
0
0
-86
0
0
-84
-80
-80
-76
-80
-76
-75
0
0






data/rssi-out/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/rssi-out/esp32/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/rssi-out/esp32/rssi-out-16m-0000.txt

-86
-88
-90
-87
-87
-87
-88
-92
-83
-83
-82
-81
-81
-81
-82
-84
-82
-83
-84
-85
-87
-88
-86
-83
-83
-84
-83
-84
-85
-85
-84
-85
-84
-84
-85
-85
-85
-85
-85
-86
-85
-85
-86
-88
-87
-86
-85
-85
-85
-84
-85
-86
-86
-86
-87
-87
-86
-86
-86
-86
-86
-86
-86
-86
-86
-86
-85
-85
-84
-85
-84
-84
-84
-84
-84
-83
-83
-83
-83
-83
-83
-83
-83
-84
-84
-83
-83
-83
-83
-84
-86
-86
-86
-86
-86
-85
-85
-85
-84
-84
-85
-85
-85
-86
-86
-85
-85
-85
-85
-84
-84
-83
-84
-84
-83
-84
-83
-83
-83
-84
-84
-84






data/rssi-out/esp32/rssi-out-1m-0000.txt

-65
-65
-64
-65
-64
-63
-64
-64
-64
-64
-65
-65
-65
-65
-65
-63
-63
-63
-63
-64
-64
-63
-63
-63
-63
-65
-67
-71
-75
-74
-74
-76
-74
-71
-69
-70
-71
-71
-71
-71
-71
-71
-71
-71
-71
-71
-71
-72
-72
-72
-72
-72
-72
-72
-72
-72
-72
-72
-71
-71
-71
-71
-71
-71
-72
-73
-80
-81
-78
-76
-76
-75
-74
-76
-77
-77
-77
-77
-77
-77
-76
-77
-77
-77
-76
-76
-77
-77
-76
-75
-75
-74
-74
-76
-76
-76
-76
-76
-76
-76
-77
-76
-76
-76
-76
-79
-79
-78
-78
-77
-77
-77
-79
-81
-80
-79
-78
-79
-79
-78
-78
-78







data/rssi-out/esp32/rssi-out-2m-0000.txt

-72
-72
-72
-73
-73
-73
-72
-71
-71
-73
-73
-72
-74
-74
-73
-73
-73
-72
-73
-73
-74
-73
-75
-75
-75
-76
-77
-77
-76
-76
-76
-75
-75
-76
-75
-75
-75
-75
-75
-75
-75
-75
-75
-74
-74
-75
-74
-74
-74
-76
-75
-73
-73
-73
-74
-76
-77
-74
-75
-73
-72
-72
-72
-73
-73
-75
-75
-75
-75
-75
-74
-74
-73
-72
-70
-70
-70
-71
-70
-70
-71
-72
-70
-71
-71
-70
-70
-71
-71
-72
-72
-73
-74
-74
-73
-74
-74
-73
-71
-72
-74
-74
-74
-73
-71
-72
-74
-74
-74
-74
-75
-73
-72
-73
-73
-73
-73
-71
-70
-70
-69
-69






data/rssi-out/esp32/rssi-out-32m-0000.txt

-92
-90
-93
0
0
0
0
0
0
-91
-89
-89
-89
-89
-88
-87
-87
-86
-87
-88
-90
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-91
-88
-86
-84
-86
-89
-88
-88
-89
-89
-89
-89
-89
-89
-89
-87
-86
-86
-87
-87
-88
-89
-89
0
-88
-87
-89
-90
0
0
0
0
-90
-89
-90
0
-90
-89
-90
-91
-89
-89
-89
-88
-88
-88
-88
-87
-87
-85
-86
-85
-84
-85
-86
-89
-88
-88
-86
-86
-85
-87
-86
-88
-89
-88
-87
-88
-88
-89
-90
0
0
-90
-89
-90
-88
-85
-86
-88
-89








data/rssi-out/esp32/rssi-out-4m-0000.txt

-90
-92
0
-91
-84
-85
-87
-85
-86
-86
-86
-88
-88
-88
-87
-86
-86
-88
-91
-89
-89
-91
-90
-90
-91
-90
-88
-88
-89
-88
-87
-87
-85
-85
-85
-86
-85
-85
-87
-87
-88
-86
-86
-86
-85
-85
-84
-84
-86
-87
-87
-85
-85
-84
-86
-86
-86
-86
-85
-86
-87
-87
-88
-87
-86
-87
-86
-86
-85
-86
-84
-82
-83
-82
-82
-82
-82
-81
-81
-81
-80
-80
-81
-81
-80
-81
-82
-90
-93
-84
-81
-81
-82
-83
-84
-83
-83
-83
-83
-83
-82
-82
-81
-81
-81
-81
-81
-81
-80
-81
-82
-81
-81
-81
-81
-81
-81
-90
-90
-90
-89
-87






data/rssi-out/esp32/rssi-out-8m-0000.txt

-89
-88
-92
-82
-79
-79
-79
-81
-83
-86
-86
-85
-84
-80
-79
-77
-76
-78
-80
-81
-81
-80
-79
-79
-81
-82
-82
-82
-80
-80
-80
-78
-79
-79
-79
-79
-76
-72
-71
-76
-80
-81
-80
-79
-80
-81
-80
-80
-79
-80
-80
-78
-77
-76
-75
-73
-72
-71
-72
-75
-78
-80
-80
-79
-76
-73
-73
-72
-71
-73
-77
-75
-71
-71
-72
-71
-72
-71
-70
-70
-70
-71
-71
-75
-76
-81
-80
-80
-79
-80
-84
-84
-84
-83
-83
-87
-88
-87
-83
-82
-80
-81
-81
-83
-84
-82
-82
-83
-84
-83
-84
-84
-84
-84
-84
-84
-84
-81
-81
-81
-80
-81








data/rssi-out/ibks105/desktop.ini

[.ShellClassInfo]
InfoTip=This folder is shared online.
IconFile=C:\Program Files\Google\Drive\googledrivesync.exe
IconIndex=16
    






data/rssi-out/ibks105/rssi-out-16m-0010.txt

-91
-84
-85
-85
-85
-88
-85
0
-84
-86
0
-85
-92
0
0
0
-88
0
-88
0
-91
-88
-91
0
-87
0
0
0
-88
0
0
0
-87
0
-87
-91
0
0
-89
-89
-87
-87
0
0
0
0
0
-94
-92
-85
-86
-87
-86
-87
-84
-83
-84
-84
-83
-84
-87
-87
-91
0
-85
-85
0
0
-90
-87
-87
-90
-90
-88
-89
-88
-85
-86
-84
-84
-86
-88
-86
-85
-86
-88
-85
-85
-87
-87
-87
0
-89
-89
0
-84
-84
-84
-85
-85
-83
-86
-86
-83
-84
-88
-84
-84
0
-87
-84
-83
-83
-84
-84
-85
-85
-88
-88
0
-88
-86






data/rssi-out/ibks105/rssi-out-1m-0010.txt

-63
-63
-65
-62
-64
-63
-64
0
-64
-64
-64
-63
-65
-64
-64
0
-64
-64
-64
-62
-62
0
-66
0
-64
-64
-64
-65
-64
-62
-64
-66
0
0
-64
-67
-64
-67
-64
-67
-66
-67
-66
-65
-65
-66
-66
-64
-64
-65
-68
-66
-65
-65
-68
-68
-68
-65
-65
-64
-64
-65
-65
-70
-65
-65
-66
-69
-66
-66
-64
-64
-68
-67
-67
-67
-62
-62
-67
-67
-67
-66
-64
-64
-65
-65
-66
-65
-63
-64
-67
-64
-64
-64
-64
-65
-65
-67
-64
-64
-65
-67
-66
-66
-65
-65
-68
-67
-66
-65
-65
-69
-69
-68
-65
-65
-69
-67
-66
-65
-66
-69






data/rssi-out/ibks105/rssi-out-2m-0010.txt

-72
-71
-72
-74
-75
-72
-72
-73
-73
-72
-72
-73
-77
-75
-71
-71
-72
-71
-71
-72
-78
-73
-73
-76
-76
-76
-75
-74
-74
-74
-74
-74
-75
-79
0
-74
-74
-75
-75
-74
-72
-72
-74
-78
-73
-73
-74
-74
-77
-78
-78
-76
-76
-76
-74
-74
-78
-70
-70
-74
-77
-76
-76
-75
-74
-74
-77
-77
-77
-79
-75
-75
-79
-75
-75
-77
-76
-75
-75
-76
-83
-83
-74
-74
-76
-75
-74
-78
-75
-75
-75
-79
-76
-78
0
-77
-74
-75
-76
-78
-75
-75
-77
-76
-76
-77
-78
0
-80
-75
-73
-75
-75
-74
0
0
-75
-80
-78
0
-78
-77






data/rssi-out/ibks105/rssi-out-32m-0010.txt

-90
-91
0
0
0
-89
0
0
0
-92
-89
-84
-90
-84
0
-86
0
-90
-86
0
-85
-86
-86
-88
0
0
-86
-86
0
-88
-85
-92
-86
-92
-86
0
-90
-86
0
-86
0
-85
-86
0
0
-86
0
-86
-87
0
-84
-91
-87
-88
-89
-86
-89
-92
-91
-88
0
-88
-84
-88
-83
-88
0
-90
-84
-84
-89
-89
-87
-87
-87
-86
-85
-84
-86
-90
-90
-84
-84
-84
-84
-85
-89
-89
-85
-85
-85
-85
-83
-84
-89
-89
-89
-89
-89
-89
-89
-90
-90
-91
-91
-91
-88
-86
0
0
-89
-87
-87
-89
-89
-89
-87
-87
-88
-87
-89
0






data/rssi-out/ibks105/rssi-out-4m-0010.txt

-76
-76
-77
-77
-77
-78
-79
-73
-73
-73
-74
-77
-72
-74
-76
-75
-77
-75
-74
-73
-73
-75
-75
-72
-74
-79
-74
-75
-74
-74
-77
-75
-76
-78
-75
-75
-77
-74
-74
-76
-76
-79
-77
-78
-80
-80
-81
-81
-79
-79
-81
-80
-80
-80
-81
-81
-79
-78
-80
-80
-83
-81
-81
-85
0
-84
-84
-85
-83
-80
-81
-84
-83
-81
-83
0
-84
-88
-82
0
-86
-89
-85
-83
-82
0
-88
-85
-88
0
-87
-85
-83
0
-85
0
-82
-83
0
-83
-85
-82
-83
-86
-81
-84
-83
-84
-87
-87
-85
-84
-86
-89
-81
-83
-84
-83
-87
-85
-81
-80







data/rssi-out/ibks105/rssi-out-8m-0010.txt

-91
-89
-89
-90
-92
-84
0
-85
-82
-87
-84
-89
-86
-85
-86
-90
0
-84
-91
-85
0
-91
-88
0
-90
-86
-87
-88
-88
-86
-87
0
0
-87
0
-90
0
-86
0
-85
-82
-87
-85
0
-85
-91
0
0
0
0
-86
-86
-86
-86
-90
-90
-86
-85
-85
-86
-86
-86
-86
-86
-87
-86
-86
-86
-87
-87
-88
-84
-84
-86
0
-89
-87
-87
-87
0
-87
-87
-89
-91
-91
-91
-92
-86
-86
-88
-89
-91
-92
0
-92
-85
-85
-90
-93
-90
-87
-87
-85
-85
0
-84
-84
-90
-89
-89
-87
-88
-91
-86
-86
-91
-91
-88
-88
-92
-88
-88







ibeacon_works.ino

#include <BLEDevice.h>
#include <BLEServer.h>
#include <BLEUtils.h>
#include <BLE2902.h>
#include <BLEBeacon.h>
#include "esp32-hal-cpu.h"

#define SERVICE_UUID           "31427B38-45FD-80A0-D642-F428ACB18A09"
#define CHARACTERISTIC_UUID    "82258BAA-DF72-47E8-99BC-B73D7ECD08A5"
// The UUID we get  098AB1AC-28F4-42D6-A080-FD45387B4231 (low edian)

void setup() {

  Serial.begin(115200);
  Serial.println();
  Serial.println("Initializing...");
  Serial.flush();
  
  pinMode(5, OUTPUT);
  digitalWrite(5, LOW); 
  
  BLEDevice::init("iBeacon 1");
  BLEServer *pServer = BLEDevice::createServer();

  BLEBeacon myBeacon;
  myBeacon.setManufacturerId(0x4c00);
  myBeacon.setMajor(1104);
  myBeacon.setMinor(0001);
  myBeacon.setProximityUUID(BLEUUID(SERVICE_UUID));
  myBeacon.setSignalPower(0xc5);
 esp_ble_tx_power_set(ESP_BLE_PWR_TYPE_ADV, ESP_PWR_LVL_N2);

  BLEAdvertisementData advertisementData;
  advertisementData.setFlags(0x1A);
  advertisementData.setManufacturerData(myBeacon.getData());

  BLEAdvertising* pAdvertising = pServer->getAdvertising();
  pAdvertising->setAdvertisementData(advertisementData);

  setCpuFrequencyMhz(100); //Set CPU clock to 100MHz
  getCpuFrequencyMhz(); //Get CPU clock
  
  pAdvertising->start();
  Serial.println("iBeacon defined and advertising!");
}

void loop() {
  delay(1000);
}
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