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Summary 

This master thesis has as propose to extract coronary arteries form angiographic 

video. With several stability issues with the easy to implement established functions 

in the time domain and other methods that is far too extensive to implement in the 

short time span. The focus turned to create a method that is easy to use over an 

image sequence by using information gathered in the time domain.  

Uneven illumination is dealt with by homomorphic filtering and static noise as bone 

and cables are removed by subtraction the median image found in the time domain. 

The image is then over segmented by using SLIC superpixels that cluster around the 

arteries.  

By tracking the movement in the images over time it is possible to divide the image 

into a dynamic part and static part. Then by observing noise in the static part the 

noise in the dynamic part can be kept at acceptable levels and the threshold level 

can be automatically adjusted each frame if needed by observing noise in the static 

area. From this function three binary images are made with different noise levels.  

The 1st image is combined with the superpixel image and the occupancy in each 

superpixel determine if the superpixel area is of interest or not. After the initial 

segmentation is done a growing superpixel segment is seeded a from the edges of 

the static dynamic mask as the contrast agent needle is always connected to the 

edge of the screen and expands by observing the neighbouring superpixels.  

The binary images are then combined with the fully grown superpixel image and 

through an incremental growth based on the binary images the final segmentation is 

achieved.  

The result is a method that simplified the problem to a contrast problem and can be 

improved with Watershed method and active contours to increase the segmented 

area.   
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1 Introduction 
 

Cardiovascular disease in Norway was the most common form of death with 11,613 deaths 

this amounts to 28,54% of total death in 2015 [1]. In later years, the severity of heart disease 

has steadily declined to be quarter compared to 1970s and half of the level in 2000. 

However, the last 5 years (2011-2016) the decline have been around 10%. The large decline 

in the past is attributed to reduction of smoking in Norway and low recent decline is 

attributed to the unhealthy lifestyle with little exercise and increasing weight. [2] 

Coronary arteries disease (iskemisk hjertesykdom,norwegian) is the most frequent cause of 

death in cardiovascular diseases 36,29%, or 4,214 deaths and 10,36% of all causes of 

deaths in 2015. [3] 

This study is in regards to the detecting coronary arteries, these are the vessels providing 

blood to the heart muscle and tissue. Visualisation of the coronary arteries are done with in 

X-ray angiography video and the injection of a contrast agent. The contrast agent provides a 

darkening of the vessel and several images are taken in sequence it is possible to see how 

the contrast agent unfolds in the arteries over time. 

The primary problem has been defined in the assignment text as:  

Accurate visualization of blood vessels, has a major role in assessing failures 

however vessel detection has been a challenge due to low contrast between the 

vessels and the background in the angiogram, unknown and deformable shape of the 

coronary arteries tree, crossing and overlapping of the vessels, and overlapping 

shadows of other present organs in human cavity such as bones and lungs. 

This master project is a part of an ongoing project on estimating the blood flow 

velocity by only using image and video processing techniques on x-ray angiograms. 

The study is a collaboration between invasive cardiology ward of Stavanger 

University Hospital (SUS) and the department of electrical engineering and computer 

science at the University of Stavanger. The data includes angiography videos of 40 

patients which are captured at SUS. [4] 

The goal is to present a simple and effective, robust automatic method for detecting the 

coronary arteries in angiography images 
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2 Experimentation 
Some of the method that was found in publication [5]. The study in gives an overview of the 

methods used. However as creating artificial intelligence and many model approaches are 

unavailable or too complex. Instead some of the simpler accessible methods was tested to 

see how they worked in the time domain.  

2.1 Top hat filtering 
 

An alternative method for equalizing uneven 

illumination is by top hat filtrating with 

morphological operator [6] 

𝐼𝑇𝑜𝑝ℎ𝑎𝑡 = 𝐼𝑜𝑟𝑔 − 𝐼𝑚𝑜𝑝𝑒𝑛(𝐼𝑜𝑟𝑔, 𝑠𝑒) 

In this case a disk operator with size 36 and 12 

was used. 

The results of the top hat filtering were that in 

general produced little noise and the noise that 

was produce was in the shape of large blobs. 

When subtraction the median image this 

caused noise to be removed in images with a 

large morphological operator and introduce 

noise in image with a small operator.  

This method was discarded due to the nature 

of the noise having a blob shape.  proposed 

method it is not a worse method than 

homomorphic imaging and may serve better as 

an image for active contours due to the nature 

of the noise.  
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2.2 Frangi hessian filtering 
This is a method that is looking for tubular elements by multiscale vessel enhancement 

methods.  

The method compromises of the following steps: [7] 

Convolution filtering of a 2nd order partial derivate, hessian filter 

Perform eigenvalue decomposition  

Order eigenvalues and compute the vessel classification  

Repeat using different scales and combine the results 

The convolutional filter is made by creating a kernel of a second derivate Gaussian. This is 

one of the weaknesses as the second derivate is the size of the mask grows quickly  

 

Figure 2.2-1 DGaussxx, DGaussxy, DGaussyy filter kernels to obtain hessian Dxx, Dxy Dyy Sigma = 3. 

Dxx(x, y) =  ∑ ∑ 𝐼(i, j) ∗ DGaussxx(x − i, y − j𝑀
𝑗=1

𝑁
𝑖=1 ))   

Dxy (x, y) =  ∑ ∑ 𝐼(𝑖, j) ∗ DGaussxy(x − i, y − j𝑀
𝑗=1

𝑁
𝑖=1 ))  

Dyy (x, y) =  ∑ ∑ 𝐼(𝑖, j) ∗ DGaussyy (x − i, y − j𝑀
𝑗=1

𝑁
𝑖=1 ))  

𝐸𝑔𝑖𝑒𝑛𝑣𝑎𝑙𝑢𝑒𝑠(𝜆1,𝜆2) =  𝑓(Dxx, Dxy , Dyy ) 

𝑅𝑏 =  (
𝜆2

𝜆1
)

2
  , Rb indicates a tubular shape 

𝑆2 =  𝜆1
2 +  𝜆2

2   , S2 indicates a round shape 

𝐼𝐹𝑟𝑎𝑛𝑔𝑖 =  𝑒

−𝑅𝑏

2𝛽1
2

 −    𝑒

−𝑆2

2𝛽2
2
 

𝑙𝑜𝑤𝑒𝑟 𝛽1 𝑤𝑖𝑙𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑡ℎ𝑒 𝑒𝑚ℎ𝑝𝑖𝑠𝑒𝑠 𝑜𝑛 𝑡𝑢𝑏𝑢𝑙𝑎𝑟 𝑠ℎ𝑎𝑝𝑒𝑠  

𝑙𝑜𝑤𝑒𝑟 𝛽2 𝑤𝑖𝑙𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑡ℎ𝑒 𝑒𝑚ℎ𝑝𝑖𝑠𝑒𝑠 𝑜𝑛 𝑟𝑜𝑢𝑛𝑑 𝑠ℎ𝑎𝑝𝑒𝑠  
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Precise Frangi hessian extraction demands a lot of micromanagement both within a dataset 

and between to get a proper extraction due the variation of vascular patterns. As the 

purpose of this assignment was to make a robust method is was therefore abandoned.  

As Beta 1 and Beta 2 are bias values they were difficult to find good values unless brute 

forced and inspected manually. 

The implementation of this function was not created in this assignment with the original 

implementation available in the math works forum. [8] 

Frequent problems with treshodling image results in disjointed segments  

 
Sgementation grows out of proportins or include unwanted information  

 
 

Figure 2.2-2 Frangi hessian flaws, broken segment and noise 
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2.3 Otsu’s method  
Defined as: [9] 

𝜎𝑤 = 𝜔0(𝑡)𝜎0
2(𝑡) + 𝜔1(𝑡)𝜎1

2(𝑡) 

Class probability:  

𝜔0(𝑡) = ∑ 𝑝(𝑖)𝑡−1
𝑖=0   𝜔1(𝑡) = ∑ 𝑝(𝑖)𝐿

𝑖=𝑡  , 𝜔0(𝑡) + 𝜔1(𝑡) = 1 

𝜎𝑏
2 = 𝜎2 − 𝜎𝑤

2 = 𝜔0(𝜇0 − 𝜇𝑇)2 + 𝜔1(𝜇1 − 𝜇𝑇)2 = 𝜔0(𝑡)𝜔1(𝑡)[𝜇0(𝑡) − 𝜇1(𝑡)]2 

Class expectations: 

𝜇0(𝑡) = ∑ 𝑖
𝑝(𝑖)

𝜔0

𝑡−1
𝑖=0  𝜇1(𝑡) = ∑ 𝑖

𝑝(𝑖)

𝜔1

𝐿−1
𝑖=𝑡  𝜇𝑇 = ∑ 𝑖𝑝(𝑖)𝐿−1

𝑖=0   

The thresholding algorithm calculates probability for each intensity level then iterates over all 

threshold values until the greatest threshold by updating 𝜇𝑖 og 𝜔𝑖 and updating 𝜎𝑏
2, the 

largest value of is the threshold value.  

As Otsu’s method is used in [10] it should be mentioned that this method is not appropriate 

for homomorphic images as after homomorphic filtering the image takes the form of a 

Gaussian distribution and simple processing does not change shape of the histogram in a 

notable way that would give local minimum and Otsu’s method will return the mean of the 

image. If several threshold values are to be found they are more related to a % of the shape 

rather than a useful thresholding value. 

While it is possible to get decent binarizations with this method it is very time consuming as it 

is required to low pass filter the image one or more times with different kernels and check 

several number of levels in the multi thresh function and then each of those. This may be 

necessary to verify frame by frame. If you do not remember to pad your image when you 

perform convolutional filtering the artefacts will introduce local minimums that may make the 

method to appear to be working however this must be avoided. 

Correctly convolutional filtering with multi thresh 5 levels, no 2 chosen  

 
 

 

  
Incorrectly edge handing in convolutional filtering with multi thresh 5 levels, no 4 chosen 
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2.4 Other methods 
Some other methods were tested. 

2.4.1 Directional filter bank 
Initially there was a desire to implement the work found in [10] however as Gabor filtering 

[11] was easy to implement and works in a similar way but with emphases on edges. While it 

was possible to detect smaller veins with Gabor filtering, when thresholding the Gabor image 

this tend to leave large artefacts around the arteries as a suitable threshold value was 

difficult to automate.  

2.4.2 Histogram equalization  
Histogram equalization was used as a comparison in [10] however it dose suffer from the 

same flaws that Otsu’s method is in that is have problems in the early frames and stretching 

a Gaussian function serves little purpose, it doses however perform well in a fully saturated 

image.  

2.4.3 Transitional image processing 
Based on an observation in the time domain that the image sequence could be 

reconstructed using the transitional images the following could be estimated.   

𝐼𝑜𝑟𝑔 ≈ 𝐼𝑆𝑢𝑚𝑚𝑒𝑑(𝑖) =   ∆𝐼𝑜𝑟𝑔(𝑖) +   𝐼𝑆𝑢𝑚𝑚𝑒𝑑(𝑖 − 1) 

∆𝐼𝑜𝑟𝑔(𝑖) =  𝐼𝑜𝑟𝑔(𝑖) − 𝐼𝑜𝑟𝑔(𝑖 − 1) 

Simple convolutional filtering was done to ∆𝐼𝑜𝑟𝑔(𝑖) to a lesser amount of success. It may 

however be explored further if the need of variables is required for pattern recognition or 

neural networks.  
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3 Proposed method 
The proposed method introduces an adaptive threshold method and growing segment 

method using super pixels based on observation in the time domain. The method is inspired 

by the need of a more suitable threshold function than Otsu’s method as this performs too 

unreliable and a desire for more control than achieved in Frangi hessian. 

 

3.1 Pre-processing  
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3.1.1 Homomorphic filtering  
 

 

𝐼𝐿𝑜𝑔 = 𝑙𝑛(1 + 𝐼𝑜𝑟𝑔)      Fourier transform: 

𝐼𝐹𝐹T=𝐹{𝐿𝑜𝑔}          𝐹(𝑘, 𝑙) =  ∑ ∑ 𝑓(𝑛, 𝑚)𝑒−𝑗2𝜋(
𝑘𝑛 

𝑁
 
𝑙𝑗

𝑁
)𝑀

𝑚=1
𝑁
𝑛=1  

𝐼𝐹𝐹Tfiltered= 𝐼𝐹𝐹T.∗ 𝐻       Inverse Fourier transform: 

 𝐼𝑜𝑢𝑡=F{𝐹𝐹Tfiltered}−1                          𝑓(𝑛, 𝑚) =  
1

𝑁𝑀
∑ ∑ 𝐹(𝑘, 𝑙)𝑒𝑗2𝜋(

𝑘𝑛 

𝑁
 
𝑙𝑗

𝑁
)𝑀

𝑙=1
𝑁
𝑘=1  

𝐼ℎ𝑜𝑚𝑜 = ((𝑒−𝐼𝑜𝑢𝑡) − 1) + center            

Homomorphic filtering is used to remove uneven illumination in an image by filtering away 

the low frequency component in the logarithmic image. To avoid artefacts a Gaussian 

shaped filter is used as well as the image is padded. As the DC component is removed the 

image is cantered around a new mean. 

The implementation of this function was not created in this assignment with the original 

implementation available in the mat works form. [12] [13]   

 

Original image: iorg, size(MxN) Padded image size(2M+2N+1) 

  
Homomorphic image: ihomo, size(MxN) FFT filter Gaussian, Sigma 25 

  

Figure 3.1-1 Stages of homomorphic filtering 
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3.1.2 Median subtraction 
 

𝑀𝑒𝑑𝑖𝑎𝑛𝐼𝑚𝑎𝑔𝑒(𝑖, 𝑗) = 𝑚𝑒𝑑𝑖𝑎𝑛(ihomo(𝑖, 𝑗), 𝑡), t =  1 to n 

Isubbackground(a) =  Ihomo(a) − 𝑀𝑒𝑑𝑖𝑎𝑛𝐼𝑚𝑎𝑔𝑒 + 𝑐𝑒𝑛𝑡𝑒𝑟 

The median image is created by finding the median value for 

each pixel location trough time.  

Median subtraction is used to remove the background 

components as spines and ribs. The method dose this very 

well and introduces little noise. However, for this method to 

work the camera must remain stationary for best results 

Large ribs are removed  

  
Cables from contrast equipment  

 
Spines are removed  

 
Figure 3.1-2 Static noise s easily removed from image by subtracting the median image 
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3.1.3 Static Dynamic mask  

 
𝐼𝐶𝑜𝑛𝑣(n, m, t) =  ∑ ∑ 𝐼(i, j, t) ∗ h(n − i, m − j𝑀

𝑗=1
𝑁
𝑖=1 )) , h =  11x11 gussian σ =  2  

𝐼𝑡𝑟𝑎𝑛𝑠(t) = 𝐼𝐶𝑜𝑛𝑣(t) − 𝐼𝐶𝑜𝑛𝑣(t − 1)   

𝑆𝐷𝑀𝑖𝑛𝑖 =  𝑆𝐷𝑀𝑖𝑛𝑖| ∑ 𝑎𝑏𝑠(𝑇−1
𝑑=1 𝐼𝑡𝑟𝑎𝑛𝑠(𝑡)) > 𝑡𝑟𝑒𝑠ℎ𝑜𝑙𝑑)  

𝑆𝐷𝑀𝑑𝑖𝑙𝑎𝑡𝑒 = 𝑖𝑚𝑑𝑖𝑙𝑎𝑡𝑒(𝑆𝐷𝑀𝑖𝑛𝑖, 𝑚𝑜𝑟𝑝ℎ𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟)  

𝑆𝑡𝑎𝑡𝑖𝑐𝐷𝑦𝑛𝑎𝑚𝑖𝑐𝑀𝑎𝑠𝑘 = excract𝑙𝑎𝑟𝑔𝑒𝑠𝑡𝑜𝑏𝑗𝑒𝑐𝑡 (𝑆𝐷𝑀𝑑𝑖𝑙𝑎𝑡𝑒)  

The method of creating the static dynamic mask uses the basic image processing methods 

convolutional filtering with a Gaussian kernel, arbitrary global threshold and a binary 

morphological dilation operation with a disk operator. The initial purpose was to find seed 

points for the segmentation algorithms however observations indicated that the area was 

very suitable to find a global threshold value.  

  

  
Figure 3.1-3 Black = Static part, White = Dynamic part 
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3.1.4 Adaptive global thresholding based on Static Dynamic mask 

 

𝑏𝑖𝑛𝐼𝑚𝑔 =   𝑓(𝑡𝑟𝑒𝑠ℎ𝑜𝑙𝑑(𝑑), 𝑖𝑚𝑎𝑔𝑒(𝑖)).∗ (1 − 𝑆𝑡𝑎𝑡𝑖𝑐𝐷𝑦𝑛𝑎𝑚𝑖𝑀𝑎𝑠𝑘) 

𝑀𝑎𝑠𝑘𝑠𝑖𝑧𝑒 =  ∑ ∑ (1 − 𝑆𝑡𝑎𝑡𝑖𝑐𝐷𝑦𝑛𝑎𝑚𝑖𝑀𝑎𝑠𝑘(𝑚, 𝑛)𝑁
𝑛=1

𝑀
𝑚=1 )  

𝑁𝑜𝑖𝑠𝑒𝑅𝑎𝑡𝑖𝑜 =
∑ ∑ 𝐵𝑖𝑛𝐼𝑚𝑔(𝑚, 𝑛)𝑁

𝑛=1
𝑀
𝑚=1

𝑀𝑎𝑠𝑘𝑠𝑖𝑧𝑒
 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑(𝑑) = 𝑇ℎ𝑒𝑠ℎ𝑜𝑙𝑑(𝑑 − 1) + ((𝑡𝑎𝑟𝑔𝑒𝑡𝑁𝑜𝑖𝑠𝑒 − 𝑁𝑜𝑠𝑒𝑅𝑎𝑡𝑖𝑜) ∗ 𝐴𝑚𝑝𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑓𝑎𝑐𝑡𝑜𝑟) 

This method was implemented as a robust binarization method was needed and commonly 

used method binarizing images is not suitable or intended for homomorphic images. 

By observing image values in the dynamic and static mask in an early frame with no 

information the image values appear to be Gaussian distributed with same sigma in both 

dynamic and static area. Them observing further into the time lapse when the contrast fluid 

is injected the resulting image 3 distinct Gaussian functions can be observed  

- Noise, centred around 0.5, sharp sigma 

- Vessels, centred below 0.5 with wide sigma.  

- Vessel artefacts, centred above 0.5 with wide  

Since the values in dynamic and static mask the assumption that static noise ≈ 0 due to 

median subtraction and however dynamic noise as breathing and heartbeats causing ribs 

and dark areas to not removed by median subtraction.  

Since the vessels appear in the lowest values this allows the proposed method to find a 

global threshold values by observe the static area and threshold based on the amount of 

noise that is observed to update the threshold value the difference from desiered noise and 

calculated noise is used a variable. This is not unlike a PID regulator without a ID. This is 

done to avoid having to store values during brute forcing the correct threshold value. The 

result is a well performing binarization that generates homogenous binarization images over 

the entire image sequence.  
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Histogram values of dynamic static values  
 
Blue = static, orange = dynamic 

Final segmentation of 5% image,  
Values inside the static dynamic mask 
Blue = segmented area, orange = other 

  

 
 

  
Figure 3.1-4 Histogram comparison 
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Figure 3.1-5The proposed method generates equal binarization quality over the entire image sequences. 
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3.2 Segmentation and post processing  
The initial segmentation is done by processing superpixels 
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3.2.1 Super pixel processing  
 

 

The seed location is set to grow from the edges of the image based observation as the 

needle that supplies the contrast agent is always connected to the edge of the image. 

Should the camera be off centred in a way that cuts of the vessel and leaves a large gap 

between the two parts this can be detected.  

The super pixel method is an over segmentation method that divides the image into several 

areas then processes them based on the similarity of the pixels in the cluster. The superpixel 

method is based on the SLIC method [14] using 20 iterations with the number of segments 

to be M+N, the non-fixed size was found suitable as the size of the images ranges from 

736x736 to 1000x1000. 

𝑆𝑖𝑧𝑒𝑖 =  ∑ ∑ 𝑆𝑢𝑝𝑒𝑟𝑝𝑖𝑥𝑒𝑙(𝑚, 𝑛)

𝑛

1

𝑚

1

== 𝑖 

𝑂𝑐𝑐𝑢𝑝𝑎𝑐𝑦𝑖 =  ∑ ∑ 𝑆𝑢𝑝𝑒𝑟𝑝𝑖𝑥𝑒𝑙(𝑚, 𝑛)

𝑛

1

𝑚

1

∗ 𝑏𝑖𝑛𝑖𝑚𝑎𝑔𝑒1(𝑚, 𝑛) == 𝑖 

𝑆𝑢𝑝𝑒𝑟𝑝𝑖𝑥𝑒𝑙𝐵𝑖𝑛𝑖 = 1, 𝑓𝑜𝑟  
𝑂𝑐𝑐𝑢𝑝𝑎𝑐𝑦𝑖

𝑆𝑖𝑧𝑒𝑖
>  𝑠𝑢𝑝𝑒𝑟𝑝𝑖𝑥𝑒𝑙𝑡𝑟𝑒𝑠ℎ 𝑒𝑙𝑠𝑒 0    

The 1st binary image is selected by its properties to be able to exclude noise and provides 

good initial seed point.  Super pixel threshold value and jump distance is adjusted as 

needed.  

The growing of the superpixel are done by tracing the segmented image then applying the 

mask to the super pixel and finding unique super pixels then extracting those and repeating 

until no super pixels are added.   
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Initial Seed area  After growing from seedpoint 

  

Initial Seed area Multiple seed points adds some noise  

  

Initial Seed area Multiple seed points correct the initial mask 
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3.2.2 Three stage growing process based on binary images 
 

 

𝑆𝑒𝑔1 = (𝑑𝑖𝑙𝑎𝑡𝑒(𝑆𝑒𝑔𝐼𝑛𝑖) ⋃ 𝑑𝑖𝑙𝑎𝑡𝑒(𝐵𝑖𝑛𝐼𝑚𝑔1 ) ⋂ 𝑆𝑒𝑔𝐼𝑛𝑖  

𝑆𝑒𝑔𝑖 = (𝑑𝑖𝑙𝑎𝑡𝑒(𝑆𝑒𝑔𝑖−1) ⋃ 𝑑𝑖𝑙𝑎𝑡𝑒(𝐵𝑖𝑛𝐼𝑚𝑔𝑖 ) ⋂ 𝑆𝑒𝑔𝑖−1 

𝐹𝑖𝑛𝑎𝑙𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑡𝑖𝑜𝑛 =  𝑆𝑒𝑔𝑖 ⋂ 𝐵𝑖𝑛𝐼𝑚𝑔𝑖  

The initial image found from super pixels are morphological dilated with a morphological 

dilated binary image. Then small objects are filtered away and the area the overlaps with the 

initial area in anyway are kept. The same procedure is conducted two more time as after 

observation more than 3 resulted in excess noise in many cases.  

The 3rd binary image is found by exploring different values of noise. When the 1st and 3rd 

image is found the typical 2nd binary image s in the middle of this.  

This method is inspired by the same way as frangi hessian and coronary tree extraction  

method [15] in the way it combines different iterations to slowly grow the segmentation rather 

than all at once. 
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Bin 1 Coarse segmentaion 

 
 

Bin 2 Mid segmentaion 

 
 

 

Bin 3 Final segmentaion 
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3.3 Improvement by Water shedding  
The watershed method finds watershed ridge lines based on the gradient in an image by 

treating light pixels as high elevations and dark pixel low elevations. Different labels are 

created as the threshold is incremented and labels are either separated or combined 

depending on the gradient [16] 

While not fully explored, and implemented this method resulted in improvement in some 

images at the expense of introducing some noise and the method has the potential to 

improve the final segmentation 

  

The image for watershed is constructed by summation of several processed binary images 

with different noise levels then watershed. The watershed segmenting elements that 

overlaps into the final segmentations are chosen. The chosen elements are multiplied with a 

binary image that contains the desired vessels vs noise.   

Summed Img Watershed 

  

Threshold binary image Watershed image 

  

Figure 3.3-1 The summed image is created by the summation of 1 to 21 % noise with 2% increments. The large 
body is found Bywater shedding and the watershed image is produced by the 11% noise image. 
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3.4 Improvement by Active contours, Chan vese  
Active contour is a growing segments method that grows or contracts based on the 

surrounding pixels around and initial mask. This is done by using a contraction bias Chan 

vese [17] 

The use of active contours on the homomorphic image , with the final segmentaion image as 

a seed mask only had an enhancement effect on the results and demanded some 

adjustment in the contraction bias to work properly. The effect is rather random as well and 

the only way to find an appropriate bias value is by testing different values.  
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4 Results  
Vessel and background annotation done by Mahdieh Khanmohammadi,  

4.1 Patient 1: Session 5 
Comment: Image had very clear contrast and allowed low noise trash to  

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.01 

BinImgNoiseTresh2 0.02 

BinImgNoiseTresh3 0.05 

SuperpixelOccupancyThreshold  0.25 

Number of smoothing 0 

Dynmasktresh 5.5 

 

Truth table:  

Frame Background segment detected Vessel segment detected 

12          0.97           0.77 

14          1.00           0.85  
17          1.00           0.96  
19          1.00           1.00  

21          1.00           0.86  
 

Flow Calculation and static dynamic mask  
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Final segmentations images 
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4.2 Patient 2: Session 4 
Comment: Image had very clear contrast and allowed low noise trash to  

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.01 

BinImgNoiseTresh2 0.02 

BinImgNoiseTresh3 0.05 

SuperpixelOccupancyThreshold  0.25 

Number of smoothing 0 

Dynmasktresh 5.5 

 

Truth table:  

Frame Background segment detected Vessel segment detected 

14          0.93           1.00  
16          0.94           1.00  
18          0.98           1.00  

19          0.98           0.99  
20          0.95           1.00  

22          0.93           1.00  
 

Flow Calculation and static dynamic mask  

-   
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Final segmentations images 
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4.3 Patient 4: Session 2 
Comment: Image had very clear contrast and allowed low noise trash to  

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.02 

BinImgNoiseTresh2 0.05 

BinImgNoiseTresh3 0.10 

SuperpixelOccupancyThreshold  0.40 

Number of smoothing 1 

Dynmasktresh 5.5 

 

Truth table:  

Frame Background segment detected Vessel segment detected 

15          0.77           1.00  
16          0.71           1.00  
18          0.70           1.00  

21          0.85            0.99  
23          0.79           1.00  

 

Flow Calculation and static dynamic mask  
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Final segmentations images 
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4.4 Patient 5: Session 2 
Comment: Image had very clear contrast and allowed low noise trash to  

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.02 

BinImgNoiseTresh2 0.04 

BinImgNoiseTresh3 0.08 

SuperpixelOccupancyThreshold  0.25 

Number of smoothing 1 

Dynmasktresh 4.5 

 

Truth table:  

Frame Background segment detected Vessel segment detected 

41          0.91           1.00  
42          0.97           1.00  
45          0.95           1.00  

47          0.95           1.00  
50          0.93           1.00  

Flow Calculation and static dynamic mask  

  



Page 32 
 

Final segmentations images 
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4.5 Patient 6: Session 5 
Comment: Image had low contrast and large gap between insertion needle and contrast 

agent showing up on image  

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.01 

BinImgNoiseTresh2 0.02 

BinImgNoiseTresh3 0.05 

SuperpixelOccupancyThreshold  0.25 

Number of smoothing 2 

Dynmasktresh 4.5 + manual removal  

 

Truth table:  

Frame Background segment detected Vessel segment detected 

15          0.83          1.00  
17          0.63          1.00  
19          0.62           1.00  

21          0.69           1.00  
23          0.83           1.00  

 

Binarization images:  
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Final segmentations images 
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4.6 Patient 7: Session 7 
Comment: Image had very clear contrast and allowed low noise trash to  

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.005 

BinImgNoiseTresh2 0.01 

BinImgNoiseTresh3 0.02 

SuperpixelOccupancyThreshold  0.20 

Number of smoothing 1 

Dynmasktresh 6.5 

 

Truth table:  

Frame Background segment detected Vessel segment detected 

7          0.95           1.00  

8          0.95           1.00  
9          0.91           0.99  

11          0.95           0.98  
12          1.00           1.00  

14          0.93           1.00  
 

Flow Calculation and static dynamic mask  
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Final segmentations images 
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4.7 Patient 9: Session 4 
Comment: Image had very clear contrast and allowed low noise trash to  

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.01 

BinImgNoiseTresh2 0.02 

BinImgNoiseTresh3 0.04 

SuperpixelOccupancyThreshold  0.7 

Number of smoothing 1 

Dynmasktresh 6.5 

 

Truth table:  

Frame Background segment detected Vessel segment detected 

13          0.94           1.00  

15          0.96           1.00  
17          0.89           0.99  

19          0.91           1.00  
21          0.96           0.99  

Flow Calculation and static dynamic mask  
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Final segmentations images 
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4.8 Patient 1: Session 5, Active contour adjustment 
Comment: Final segmentation from 5.1 adjusted with active contour with homomorphic 

image and corrected with a binarization of mean image.   

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.01 

BinImgNoiseTresh2 0.02 

BinImgNoiseTresh3 0.05 

SuperpixelOccupancyThreshold  0.25 

Number of smoothing 0 

Dynmasktresh 5.5 

Active conture bias -0.3 

Truth table:  

Frame Background  
segment detected 

Vessel segment 
 detected 

12          0.97  0.88 

14          0.97 1 

17          0.98 1 

19          1.00  1 

21          0.93 0.9 
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4.9 Patient 1: Session 5, Watershed adjustment 
Comment: Final segmentation used to extract watershed segments 

Parameters:  

Homomorphic Sigma  25 

BinImgNoiseTresh1 0.01 

BinImgNoiseTresh2 0.02 

BinImgNoiseTresh3 0.05 

SuperpixelOccupancyThreshold  0.25 

Number of smoothing 0 

Dynmasktresh 5.5 

Water range  0.01 to 0.21 0.2 increments 

  

Truth table:  

Frame Background segment detected Vessel segment detected 

12 0.91 0.83 

14 1 0.85 

17 1 1 

19 1 1 

21 1 0.95 

 
Final segmentations images 
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5 Conclusion 
 

The proposed method attempts to solve the problem very easily rather than following the 

methods from the norm that use advance models and looking for tubular shapes. Overall it 

succeeds well and a decent result can be achieved by simple prepossessing combined with 

smart segmentation and global thresholding. The results are only poor at low contrast 

images but consistently finds most of the main arteries. The proposed method is probably 

better to use as a supporting or initial function rather than a primary or sole method. I.e. 

watershed, active contours or Frangi hessian filtering to find a good threshold or to be used 

as initial segmentation method.  

By expanding the methods to include information in the time domain and not only in the 

spatial domain as most papers concentrate on a lot of problems can be simplified given the 

camera is stationary during the video.   

Finding a thresholding value over the time sequence by checking in the Static Dynamic 

Mask proved to generate a binarization of equal quality the entirety of the image sequence 

for this reason proved to generate more consistent images than histogram equalization or 

Otsu’s method that resulted in varied result on a frame by frame basis and required varying 

degrees of blurring to make the binarization work.  

There are some issues with the current implementation of the Static Dynamic Mask causing 

more seed points than needed and causing more points to be included in the super pixel 

growing. 

The flaw of the proposed method as with most other studies is the problem to find the 

elusive thin vessels. The primary reason for this is the low resolution in the images that 

causes them to be presented with one or less pixel at the current low resolutions causing the 

need advance techniques that may not be needed with time. As the resolution of the images 

increase this will ease the proposed threshold method as well as the established firangi 

hessian method. As 2048x2048 with 100 fps x-ray video is available [18]. A rough 

comparison means that each pixel in a 736x736 image is substituted by almost 8 in 

2048x2048. And in the case of 4k that would become almost 31 pixels.  
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CodeFromSource/LoactionAndFilestakenfrom.txt

Frangifiltering taken from 

https://se.mathworks.com/matlabcentral/fileexchange/24409-hessian-based-frangi-vesselness-filter

functions:

eig2image 

FrangiFilter2D

Hessian2D 





Homomorphic filtering taken from

https://blogs.mathworks.com/steve/2013/06/25/homomorphic-filtering-part-1/

http://blogs.mathworks.com/steve/2013/07/10/homomorphic-filtering-part-2/



functions:

AKMfuncHomomohpicCentering 






CodeWrittenForSubject/aFuncBinariasation.m

function [ ImsqBin ] = aFuncBinariasation(Imsequenze, RoughMask, SNR ,P, Tolerance)

startVar = 0.5;



for proving =   1 : size(Imsequenze,3)

    adaptres = SNR+1;

    while ((adaptres>SNR+Tolerance)||(adaptres<SNR-Tolerance))

        ImsqBin(:,:,proving) =1-imbinarize(Imsequenze(:,:,proving),startVar);

        adaptres =  sum(sum(~RoughMask&ImsqBin(:,:,proving)))/sum(sum(~RoughMask));

        SNRcalc =(SNR-adaptres);

        startVar = startVar + SNRcalc*P;

    end

end



end
















CodeWrittenForSubject/aFuncSuperPixleEdge2.m

function [ImgSuperEdge] = aFuncSuperPixleEdge2(SuperPixleImage,pixlesIn,RoughMask,IniMask)



idx = label2idx(SuperPixleImage);

WorkingBorderMask = zeros(size(SuperPixleImage,1),size(SuperPixleImage,2));

WorkingSuperImage = SuperPixleImage;



Bordermask = IniMask;

ImgSuperEdge = zeros(size(SuperPixleImage,1),size(SuperPixleImage,2));



for i = 1:pixlesIn

    if sum(sum(Bordermask.*RoughMask))>0

    borderpix = WorkingSuperImage.*Bordermask.*RoughMask;

    else

    borderpix = WorkingSuperImage.*Bordermask;   

    end

    TempVariable = unique(borderpix);

    PixelsInLayer = TempVariable(2:end);

    for j = 1:length(PixelsInLayer)

        labelVal = PixelsInLayer(j);

        PixleIDX = idx{labelVal};

        WorkingBorderMask(PixleIDX) = 1;

        ImgSuperEdge(PixleIDX) = i;

        WorkingSuperImage(PixleIDX)=0;

    end

    Bordermask = boundarymask(WorkingBorderMask);

end








CodeWrittenForSubject/AKMfuncFrangiProcessing.m



function [FrangiPic, FrangiScale, FrangiDir] = AKMfuncFrangiProcessing(ImgIn,FrangiOptions) 

FrangiPic = zeros(size(ImgIn));

FrangiScale = zeros(size(ImgIn));

FrangiDir = zeros(size(ImgIn));

for i=1:size(ImgIn,3)



[outIm,whatScale,Direction]=FrangiFilter2D(ImgIn(:,:,i),FrangiOptions);

FrangiPic(:,:,i) = outIm;

FrangiScale(:,:,i)  = whatScale;

FrangiDir(:,:,i) = Direction;

end










CodeWrittenForSubject/AKMfuncGetAnnotation.m

function [BackgroundAnno,VesselAnno,Frame] = AKMfuncGetAnnotation(NumPatient, NumSession)



AnnotationDir = ['cd0' num2str(NumPatient) '\'];



SubPath = ['Background-cd' num2str(NumPatient,'%02d') 'IMG' num2str(NumSession,'%05d') '_'];

NumbckImg = length(dir([AnnotationDir SubPath '*']));





if NumbckImg>0

    folder = dir([AnnotationDir SubPath '*']);

   for v =1: NumbckImg

        streng  = [AnnotationDir folder(v).name];

        load(streng);

        Points= round(Points);

        BackgroundAnno{v} = Points;

        

        start= length(SubPath);

        slut = strfind(folder(v).name,'.tiff.mat');

        Frame(v) = str2num(folder(v).name(start+1:slut-1));

    end

else

    BackgroundAnno = 0;

    Frame = 0;

end



SubPath = ['Vessel-cd' num2str(NumPatient,'%02d') 'IMG' num2str(NumSession,'%05d') '_'];

NumVslImg = length(dir([AnnotationDir SubPath '*']));

if NumVslImg>0

    folder = dir([AnnotationDir SubPath '*']);

    for v =1: NumVslImg

        streng  = [AnnotationDir folder(v).name];

        load(streng);

        Points= round(Points);

        VesselAnno{v} = Points;

    end

else

    VesselAnno = 0;

    Frame = 0;

end














CodeWrittenForSubject/AKMfuncGetPatientImages.m



function [IorgSeq,NumImg]=AKMfuncGetPatientImages(MainPath,patient,session)



% 

% NumberOfImgPath = [MainPath 'Patient-' num2str(patient,'%03d') '^' num2str(patient,'%03d') '\Study__XA_CardAngio[]\Series_1\IMG' num2str(session,'%05d') '*'];

% NumImg = dir(NumberOfImgPath);



SubPath = ['Patient-' num2str(patient,'%03d') '^' num2str(patient,'%03d') '\Study__XA_CardAngio[]\Series_1\IMG' num2str(session,'%05d')];

NumImg = length(dir([MainPath SubPath '*']));



for i=1:NumImg

    TestSubjectPath  = [MainPath SubPath '_Frame' num2str(i) '.tif'];

    tempImg = imread(TestSubjectPath);

    IorgSeq(:,:,i)  = im2double(tempImg(:,:,1));

end






CodeWrittenForSubject/AKMfuncGradient2DProcessing.m

function [ImgSqGardientMag, ImgSqGardientMagBin, ImgSqGardientDir] =  AKMfuncGradient2DProcessing(ImgInput);



ImgSqGardientMag = zeros(size(ImgInput));

ImgSqGardientMagBin = zeros(size(ImgInput));

ImgSqGardientDir = zeros(size(ImgInput));



for i =1 : size(ImgInput,3)

    [Gmag, Gdir] = imgradient(ImgInput(:,:,i),'prewitt');

    ImgSqGardientMag(:,:,i) = Gmag;

    ImgSqGardientMagBin(:,:,i) = imbinarize(Gmag,max(max(Gmag)));

    ImgSqGardientDir(:,:,i) = Gdir;

end



%  [test1] = gradientweight(ImgSqHomoImageCentered(:,:,i),5,'RolloffFactor',2.5);








CodeFromSource/AKMfuncHomomorphicCentering.m

function [HomoImage, HomoImageCentered]=AKMfuncHomomorphicCentering(ImgIn,optionas)





Sigma  = optionas.Sigma;

Center = optionas.CenterValue;



HomoImage = zeros(size(ImgIn));

HomoImageCentered = zeros(size(ImgIn));

for i=1:size(ImgIn,3)

    TestSubjectIMG = ImgIn(:,:,i);

    %%%%%%%%%%%%%%%%%%%%%%%%%

    % Perfrm morpogloical filtering to get equal illumination

    %

    % Taken from block  need reference

    %%%%%%%%%%%%%%%%%%%%%%%%%

    I = TestSubjectIMG;

    I = log(1 + I);

    if i == 1

        M = 2*size(I,1) + 1;

        N = 2*size(I,2) + 1;

        [X, Y] = meshgrid(1:N,1:M);

        centerX = ceil(N/2);

        centerY = ceil(M/2);

        gaussianNumerator = (X - centerX).^2 + (Y - centerY).^2;

        H = exp(-gaussianNumerator./(2*Sigma.^2));

        H = 1 - H;

        H = fftshift(H);

        

    end

    paddedI = padarray(I,ceil(size(I)/2)+1,'replicate');

    paddedI = paddedI(1:end-1,1:end-1);

    If = fft2(paddedI);

    Iout = real(ifft2(H.*If));

    Iout = Iout(ceil(M/2)-size(I,1)/2+1:ceil(M/2)+size(I,1)/2, ceil(N/2)-size(I,2)/2+1:ceil(N/2)+size(I,2)/2);

    Ihmf = exp(Iout) - 1;

    LowestValue= min(min(Ihmf));

    EqualIlluminationPic = Ihmf -LowestValue;

    HomoImage(:,:,i) = EqualIlluminationPic;

    

    %Centers the images around same value for easier comaparison

    TempAverageOfImg = mean(mean(HomoImage(:,:,i)));

    HomoImageCentered(:,:,i)= (HomoImage(:,:,i)-TempAverageOfImg+Center);



end






CodeWrittenForSubject/AKMfuncIntermediateProcessing.m



function [RoughMask, ImgSqBinTran,TransisionalFilterImgSq,ImgSqSummedImg]=AKMfuncIntermediateProcessing(ImgSqIn,options)





FitlerDesign(:,:,1) = options.FilterDesgin;

FitlerDesign(:,:,2) = -FitlerDesign(:,:,1);

TresholdTransission =options.Edgelevel;

Imtresh = options.IlluminationPct;

Filterfactor = options.MeanAdjustmentFilter;

TresholdIllumunation = 1;

FirstImage = ones(size(ImgSqIn,1),size(ImgSqIn,2)).*0.5;

Imgsq = zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3)+1);

Imgsq(:,:,1) = FirstImage;

Imgsq(:,:,2:end) = ImgSqIn;

ImgSqIn = Imgsq;

TransisionalFilterImgSq = imfilter(ImgSqIn,FitlerDesign,'replicate');



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Options

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%





FiltFact = Filterfactor;

if FiltFact== 0

    FiltFact = 1;

end

if Imtresh== 0 || Imtresh>1

    Imtresh = 1;

end



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% BlobbyParamterer

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

BlockAnaAllblobs = vision.BlobAnalysis('AreaOutputPort', true,...

    'CentroidOutputPort', false,...

    'LabelMatrixOutputPort',true, ...

    'BoundingBoxOutputPort', false,...

    'MinimumBlobArea',  1000, ...

    'ExcludeBorderBlobs', false);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Makes a coarseImageMask That indicates where the movements occours

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

AreaOfInterstMask = zeros(size(ImgSqIn,1),size(ImgSqIn,2));

for i=1:size(ImgSqIn,3)-1

    AreaOfInterstMasktemp = abs(TransisionalFilterImgSq(:,:,i));

    AreaOfInterstMasktemp(AreaOfInterstMasktemp<(TresholdTransission)) =0;

    AreaOfInterstMask = AreaOfInterstMask+AreaOfInterstMasktemp;

end

se = strel('disk',6);

AreaOfInterstMaskTemp = imdilate(AreaOfInterstMask,se);

[areasAll, Arealabel] = step(BlockAnaAllblobs,(imbinarize(AreaOfInterstMaskTemp)));

MaxLables = find(areasAll==max(areasAll));

Arealabel(Arealabel~=MaxLables) = 0;

Arealabel(Arealabel==MaxLables) = 1;

AreaOfInterstMaskExtracted =  cast(Arealabel,'double');

RoughMask = imdilate(AreaOfInterstMaskExtracted,se);

RoughMask = imfill(RoughMask,'holes');







%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% This part below is not really used anymore 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% This part below is not really used anymore 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% This part below is not really used anymore 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%





%AreaOfInterstMaskExtracted = ones(size(ImgSqIn,1),size(ImgSqIn,2));

%RoughMask= AreaOfInterstMaskExtracted;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Summs the Image over time this gives a good estimation of the veins

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



SummedImg = ones(size(ImgSqIn,1),size(ImgSqIn,2)).*0.5;

%SummedImg = TransisionalFilterImgSq(:,:,1)-TransisionalFilterImgSq(:,:,2);

ImgSqBinTran =  zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3));

ImgSqBinTranIllum = zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3));

ImgSqSummedImg = zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3));

h = fspecial('average',11);

for i=1:size(ImgSqIn,3)-1

    %     if i == 1

    %     tmpSummedImg =  Correctpos;

    %     else

    tmpSummedImg = TransisionalFilterImgSq(:,:,i).*FiltFact;

    tmpSummedImg = imfilter(tmpSummedImg,h);

%     tmpSummedImg = localcontrast(cast(tmpSummedImg,'single'),0.03,-0.5);

%     %     end

    

    

    SummedImg =tmpSummedImg+ SummedImg ;

    ImgSqSummedImg(:,:,i) = SummedImg;

    Overgang = SummedImg;

    BinOvergang = imbinarize(Overgang,TresholdTransission);

    ImgSqBinTran(:,:,i) = BinOvergang;

    HistoGramBins22 = 0.3:0.005:0.7;

    CountsOfHistogram= histcounts(BinOvergang.*ImgSqIn(:,:,i),HistoGramBins22);

    SumOfHistogram = sum(CountsOfHistogram);

    histteller = 0;

    tresholdFinder = 0;

    for t = 1: length(CountsOfHistogram)

        histteller = histteller+CountsOfHistogram(t);

        if histteller/SumOfHistogram >Imtresh && tresholdFinder ==0

            TresholdIllumunation = HistoGramBins22(t);

            tresholdFinder = 1;

        end

    end

    

    TestBildeOvergangIlluminasjon = ImgSqIn(:,:,i).*BinOvergang;

    TestBildeOvergangIlluminasjon = imbinarize(TestBildeOvergangIlluminasjon,TresholdIllumunation);

    TestBildeOvergangIlluminasjon = BinOvergang&~TestBildeOvergangIlluminasjon;

    ImgSqBinTranIllum(:,:,i)  =TestBildeOvergangIlluminasjon;

    

end





%

%     tmpSummedImg = TransisionalFilterImgSq(:,:,i).*FiltFact;

%     SummedImg =tmpSummedImg+ SummedImg ;

%     SummedImg = SummedImg.*AreaOfInterstMaskExtracted;

%     ImgSqSummedImg(:,:,i) = SummedImg;

%

%     Overgang = SummedImg;

%     Overgang =  medfilt2(Overgang,[5 5]);

%     Overgang(Overgang>=TresholdTransission) = 1;

%     Overgang(Overgang<TresholdTransission) = 0;

%     BinOvergang = imbinarize(Overgang);

%     [areasAll, Arealabel] = step(BlockAnaAllblobs,BinOvergang);

%     TesSzize = find(areasAll==max(areasAll));

%     if(areasAll(TesSzize)<minsizeBlob)

%         TestArea = cast(Arealabel,'double');

%         TestAreaSizie = cast(areasAll,'double');

%         TestAreaSum = 0;

%         for p = 1:length(areasAll)

%             TestArea = cast(Arealabel,'double');

%             TestAreaSizie = cast(areasAll,'double');

%             TestArea(TestArea~=p) = 0;

%             TestArea(TestArea==p) = 1;

%             TestArea = SummedImg.*TestArea;

%             Tesareamean =  sum(sum(TestArea))./TestAreaSizie(p);

%             TestAreaSum(p) = Tesareamean;

%         end

%         MaxLables = find(TestAreaSum==max(TestAreaSum));

%     else

%         MaxLables = find(areasAll==max(areasAll));

%     end

%     if isempty(areasAll) == 0

%         Arealabel(Arealabel~=MaxLables) = 0;

%         Arealabel(Arealabel==MaxLables) = 1;

%         ImgSqTran(:,:,i) =  cast(Arealabel,'double');

%     else

%         ImgSqTran(:,:,i)  = zeros(length(I));

%     end

%

%

%     HistoGramBins22 = 0.1:0.05:1;

%     histogramtelling= histcounts(ImgSqTran(:,:,i).*testirog(:,:,i+1),HistoGramBins22);

%     summenavhistogram = sum(histogramtelling);

%     histteller = 0;

%     prosentfinner = 0;

%     for t = 1: length(histogramtelling)

%         histteller = histteller+histogramtelling(t);

%         if histteller/summenavhistogram >0.95 && prosentfinner ==0

%             TresholdIllumunation = HistoGramBins22(t);

%             prosentfinner = 1;

%         end

%     end

%

%     TestBildeOvergangIlluminasjon = testirog(:,:,i+1).*Overgang;

%     TestBildeOvergangIlluminasjon(TestBildeOvergangIlluminasjon>TresholdIllumunation) = 1;

%     TestBildeOvergangIlluminasjon(TestBildeOvergangIlluminasjon<TresholdIllumunation) = 0;

%     TestBildeOvergangIlluminasjon = Overgang&~TestBildeOvergangIlluminasjon;

%

%     [areasAll, Arealabel] = step(BlockAnaAllblobs,(TestBildeOvergangIlluminasjon));

%     TesSzize = find(areasAll==max(areasAll));

%     if(areasAll(TesSzize)<minsizeBlob)

%         TestAreaSum = zeros(length(areasAll),1);

%         for p = 1:length(areasAll)

%             TestArea = cast(Arealabel,'double');

%             TestAreaSizie = cast(areasAll,'double');

%             TestArea(TestArea~=p) = 0;

%             TestArea(TestArea==p) = 1;

%             TestArea = SummedImg.*TestArea;

%             Tesareamean =  sum(sum(TestArea))./TestAreaSizie(p)

%             TestAreaSum(p) = Tesareamean;

%         end

%         MaxLables = find(TestAreaSum==max(TestAreaSum));

%     else

%         MaxLables = find(areasAll==max(areasAll));

%     end

%     if isempty(areasAll) == 0

%         Arealabel(Arealabel~=MaxLables) = 0;

%         Arealabel(Arealabel==MaxLables) = 1;

%         ImgSqTranIllum(:,:,i)  =  cast(Arealabel,'double');

%     else

%         ImgSqTranIllum(:,:,i)  = zeros(length(I));

%     end






CodeWrittenForSubject/AKMfuncSuperpixleCreate.m

function [ImgSqSuperPixles, NumSuperpixles,BWMask]= ...

    AKMfuncSuperpixleCreate(ImSqIn,OptionsSuperPixels)



ImgSqSuperPixles  = zeros(size(ImSqIn));

BWMask = zeros(size(ImSqIn));

NumSuperpixles = size(ImSqIn,3);

PixleSize = OptionsSuperPixels.PixeleNumbers ;

Interation = OptionsSuperPixels.Itterations ;

Shape = OptionsSuperPixels.Shape ;



for i = 1:size(ImSqIn,3)

    [L,N] = superpixels(ImSqIn(:,:,i),PixleSize,'NumIterations',Interation,'Compactness',Shape);

    NumSuperpixles(i) = N;

    ImgSqSuperPixles(:,:,i) = L;

    BWMask(:,:,i) = boundarymask(L);

    

end






CodeWrittenForSubject/AKMfuncSuperpixleProcessing.m

function [ImgSqSuperPixles, NumSuperpixles,BW]= ...

    AKMfuncSuperpixleProcessing(ImSqIn,OptionsSuperPixels)





for i = 1 : 

    ImgSqSuperPixles(:,:,i) = L ;

    TransFerangi = ImgSqTran(:,:,i).*ImgSqFrangi(:,:,i);

    TransImg = ImgSqTran(:,:,i);

    idx = label2idx(L);

    outputImage = zeros(size(ImSqIn,1),size(ImSqIn,2));

    for labelVal = 1:N

        redIdx = idx{labelVal};

        if mean(TransFerangi(redIdx))>FranInterBinRatio || mean(TransImg(redIdx))>InterBinRatio

            outputImage(redIdx) = 1;

        else

            outputImage(redIdx) = 0;

        end

    end

    ImgSqSuperPixlesBin(:,:,i) = outputImage;

end






CodeWrittenForSubject/AKMmain.m

clear all

close all

clc



PathMain = 'C:\Users\AlexanderKvale\Desktop\Starting Material\TIFF\';

PathSaveTO = 'C:\Users\AlexanderKvale\Desktop\OutputImageMaster\';

NumPatient=1;

NumSession  =5;

PatientOrder = [1 2 4 5 6 7 8 9 10];

SessionOrder = [5 4 2 2 5 7 8 4 4];



for runAll = 1: length(PatientOrder)

    

    

    

    %%

    %% Image Fecthing

    %%

    disp('Fetching Original Images');

    [ImgSqIorg,NumImg] = AKMfuncGetPatientImages(PathMain,NumPatient, NumSession) ;

    [AnnaBackground,AnnoVessels,AnnoFrames] = AKMfuncGetAnnotation(NumPatient, NumSession) ;

    

    %%

    %% Preprocssing in spartial domain

    %%

    

    %% Homomorphic Filtering

    OptionsHomo.Sigma = 25;

    OptionsHomo.CenterValue = 0.5;

    disp('Performs homomorphic processing and centers them');

    [ImgSqHomoImage, ImgSqHomoImageCentered]=AKMfuncHomomorphicCentering(ImgSqIorg,OptionsHomo);

    

    %% Find and subtract median

    PicMedianOfHomomorphicImage = median(ImgSqHomoImageCentered,3);

    ImgSqHomoImageCenteredMinusMedian = ImgSqHomoImageCentered-PicMedianOfHomomorphicImage+OptionsHomo.CenterValue;

    

    

    %% Gradient Filtering

    disp('Performs 2D Gradientprocesssing');

    [ImgSqGardient2dMag, ImgSqGardientMag2DBin, ImgSqGardient2DDir] = ...

        AKMfuncGradient2DProcessing(ImgSqHomoImageCentered);

    

    disp('Performs 3D Gradientprocesssing');

    [ImgSqGardient3DtMag,ImgSqGardient3DDir,ImgSqGardient3DElevation]  = imgradient3(ImgSqHomoImageCentered,'intermediate');

    

    %% Frangi Filtering

    % OptionsFangi.FrangiScaleRange = [1 9];

    % OptionsFangi.FrangiScaleRatio = 2;

    % OptionsFangi.FrangiBetaOne = 5;

    % OptionsFangi.FrangiBetaTwo =10000;

    % OptionsFangi.BlackWhite = true;

    % OptionsFangi.verbose = false;

    % ImgSqHomoImageCenteredMinusMedianRecaled = ImgSqHomoImageCenteredMinusMedian.*4-1.5;

    %

    % disp('Performs frangi procssssing');

    % [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

    %     AKMfuncFrangiProcessing(ImgSqHomoImageCenteredMinusMedianRecaled,OptionsFangi) ;

    

    % centreertmitdtfrang= ImgSqFrangiImg(:,:,45)./mean(mean(ImgSqFrangiImg(:,:,45)));

    % centreertmitdtfrangadj = imadjust(centreertmitdtfrang);

    % centreertmitdtfrangadj(centreertmitdtfrangadj<1) =0;

    % imshow(centreertmitdtfrangadj);

    %

    % imshow(centreertmitdtfrang./10)

    % imshow(ImgSqFrangiDir(:,:,45)./pi);

    %

    % imshow(ImgSqFrangiImg(:,:,45)./(max(max(ImgSqFrangiImg(:,:,45)))));

    %%

    %% Preprocssing in time domain

    %%

    %% Intermediateimage procssing

    GaussFilter = fspecial('gaussian', 11,2.0);

    GaussFilter = GaussFilter./mean(mean(GaussFilter));

    

    OptionsIntermediate.FilterDesgin = GaussFilter;

    OptionsIntermediate.Edgelevel = 5.5;

    OptionsIntermediate.IlluminationPct = 0.8;

    OptionsIntermediate.MeanAdjustmentFilter = 1/size(GaussFilter,1);

    disp('Performs intermediatechange procssssing');

    [PicRoughMask, ImgSqBinTran,ImgSqTrans,ImgSqSummedImg]= ...

        AKMfuncIntermediateProcessing(ImgSqHomoImageCenteredMinusMedian,OptionsIntermediate);

    imshow(PicRoughMask);

    PicRoughMaskFilled = imfill(PicRoughMask,'holes');

    PicMedianOfSummedSq = median(ImgSqSummedImg,3);

    ImgSqHomoSummedImageCenteredMinusMedian = ImgSqSummedImg-PicMedianOfSummedSq+0.5;

    ImgSqHomoSummedImageCenteredMinusMedianMinusorg = ImgSqHomoSummedImageCenteredMinusMedian-ImgSqSummedImg+0.5;

    imshow(ImgSqHomoSummedImageCenteredMinusMedian(:,:,30))

    [PicRoughMask2, ImgSqBinTran2,ImgSqTrans2,ImgSqSummedImg2]= ...

        AKMfuncIntermediateProcessing(-ImgSqHomoSummedImageCenteredMinusMedian,OptionsIntermediate);

    for i = 2:size(ImgSqHomoImage,3) -1

        imshow(-ImgSqSummedImg2(:,:,i)-median(ImgSqSummedImg2,3));

    end

    % OptionsFangi.FrangiScaleRange = [1 9];

    % OptionsFangi.FrangiScaleRatio = 2;

    % OptionsFangi.FrangiBetaOne = 150;

    % OptionsFangi.FrangiBetaTwo =10000;

    % OptionsFangi.BlackWhite = false;

    % OptionsFangi.verbose = false;

    %

    % disp('Performs frangi procssssing');

    % [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

    %     AKMfuncFrangiProcessing(ImgSqSummedImg,OptionsFangi) ;

    

    %%

    %%  Segmentation

    %%

    %% Superpixel

    OptionsSuperPixels.PixeleNumbers = size(ImgSqIorg,1) +size(ImgSqIorg,2);

    OptionsSuperPixels.Itterations = 20;   %default 10, See superpixle help

    OptionsSuperPixels.Shape = 2;         %default 10 , See superpixle help

    

    disp('Performs inital superpixel procssssing');

    % [ImgSqSuperPixles, NumSuperpixles,ImgSqBoundaryMask]= ...

    %     AKMfuncSuperpixleCreate(ImgSqHomoImageCenteredMinusMedian,OptionsSuperPixels);

    

    [ImgSqSuperPixlesSummed, NumSuperpixlesSummed,ImgSqBoundaryMaskSummed]= ...

        AKMfuncSuperpixleCreate(ImgSqHomoSummedImageCenteredMinusMedian,OptionsSuperPixels);

    

    ImgSqSuperPixles=ImgSqSuperPixlesSummed;

    ImgSqBoundaryMask = ImgSqBoundaryMaskSummed;

    NumSuperpixles= NumSuperpixlesSummed;

    offset = 0;

    [X,Y] = meshgrid(1:size(ImgSqIorg,1),1:size(ImgSqIorg,2));

    

    GaussFilter2 = fspecial('gaussian', 5,2.0);

    lapFilter2 = fspecial('laplacian', 0.25);

    logilter2 = fspecial('log',5);

    

    for i = 2:size(ImgSqHomoImage,3) -1

        

        SuperPixImg  =  ImgSqSuperPixles(:,:,i);

        idx = label2idx(SuperPixImg);

        Summmedimg = ImgSqSummedImg(:,:,i)-0.5;

        Summmedimg(Summmedimg>1) = 1;

        Summmedimg(Summmedimg<-1) =-1;

        

        NegPartFromSummedImg = Summmedimg;

        NegPartFromSummedImg(NegPartFromSummedImg<0.2) = 0;

        NegPartFromSummedImg(NegPartFromSummedImg~=0) =1;

        

        PosPartFromSummedImg = Summmedimg;

        PosPartFromSummedImg(PosPartFromSummedImg>0.2) = 0;

        PosPartFromSummedImg(PosPartFromSummedImg~=0) =1;

        

        pospart = Summmedimg.*NegPartFromSummedImg;

        negoart = -Summmedimg.*PosPartFromSummedImg;

        for d = 1 :50

            pospart = imfilter(pospart,GaussFilter2);

            negoart = imfilter(negoart,GaussFilter2);

        end

        prossedgradient = imgradient(pospart-Summmedimg,'sobel').*(1-PosPartFromSummedImg).*PicRoughMaskFilled;

        combined = (Summmedimg+prossedgradient).*(1-PosPartFromSummedImg).*PicRoughMaskFilled;

        

        comsuprerimg= zeros(736);

        for labelVal = 1:NumSuperpixles(i)

            redIdx = idx{labelVal};

            combmeeeen(labelVal) = mean(combined(redIdx));

            % NegPartFromSummedImg = mean(NegPartFromSummedImg(redIdx))./length(redIdx);

        end

        finngrenseverdi = graythresh(combmeeeen)

        

        for labelVal = 1:NumSuperpixles(i)

            redIdx = idx{labelVal};

            if combmeeeen(labelVal)>finngrenseverdi

                comsuprerimg(redIdx) = 1;

            else

                comsuprerimg(redIdx) = 0;

            end

        end

        SuperBinImg = imbinarize(comsuprerimg);

        

        SuperBinImgSq(:,:,i) = SuperBinImg;

        

        PosPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        NegPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        SmallPixel = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        

        %%%% Border Mask creation

        Bordermask = ones(size(ImgSqIorg,1),size(ImgSqIorg,2));

        Bordermask(2:end-1,2:end-1) = 0;

        Bordermask= Bordermask.*PicRoughMaskFilled;

        %%%% Expand Border Mask creation

        Superpixelborder= aFuncSuperPixleEdge2(SuperPixImg,3,PicRoughMaskFilled,Bordermask);

        Superpixelborderbin = Superpixelborder.*PicRoughMaskFilled;

        Superpixelborderbin(Superpixelborderbin>1) =1 ;

        

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        initalborders = SuperBinImg&Superpixelborder;

        

        MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(MinimumsBlobls, initalborders);

        AreaIndex = label2idx(Arealabel)  ;

        BiggerthanOneSuper  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            borderpix = unique(SuperPixImg(PixleIDX));

            if length(borderpix)>2

                BiggerthanOneSuper(PixleIDX)=1;

            end

        end

        if mean(mean(BiggerthanOneSuper))== 0

            BiggerthanOneSuper = initalborders;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        %  imshow(BiggerthanOneSuper)

        MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(MinimumsBlobls, SuperBinImg);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = BiggerthanOneSuper+SuperBinImg;

        Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                Biggerthanself(PixleIDX)=1;

            end

            

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Grow to find neighbors

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        SuperpixelGrowing = 1;

        while SuperpixelGrowing == 1

            initialSeg = Biggerthanself;

            Boadergrow= aFuncSuperPixleEdge2(SuperPixImg,3,PicRoughMaskFilled,initialSeg);

            

            MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

                'CentroidOutputPort', false,...

                'LabelMatrixOutputPort',true, ...

                'BoundingBoxOutputPort', false,...

                'ExcludeBorderBlobs', false);

            [areasAll, Arealabel] = step(MinimumsBlobls, SuperBinImg);

            AreaIndex = label2idx(Arealabel)  ;

            overlap  = Boadergrow+SuperBinImg;

            Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

            for b = 1:length(AreaIndex)

                PixleIDX = AreaIndex{b};

                if mean(overlap(PixleIDX))>1

                    Biggerthanself(PixleIDX)=1;

                end

            end

            if Biggerthanself == initialSeg

                SuperpixelGrowing = 0;

            else

                SuperpixelGrowing = 1;

            end

        end

        

        CoarsesegemagationOfLargeBody(:,:,i) = Biggerthanself;

        MeanOfSegBody(i) = mean(mean(CoarsesegemagationOfLargeBody(:,:,i)));

        if i>4

            testvar  =MeanOfSegBody(i-2)-  2*MeanOfSegBody(i-1) + MeanOfSegBody(i);

            if testvar>0.029

                autoinclude = SuperBinImgSq(:,:,i-2)+ SuperBinImgSq(:,:,i-1) + SuperBinImgSq(:,:,i);

                autoinclude(autoinclude~=3) = 0;

                autoinclude(autoinclude==3)=  1;

                autoinclude = autoinclude.*(CoarsesegemagationOfLargeBody(:,:,i-2)|CoarsesegemagationOfLargeBody(:,:,i));

                

                MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

                    'CentroidOutputPort', false,...

                    'LabelMatrixOutputPort',true, ...

                    'BoundingBoxOutputPort', false,...

                    'ExcludeBorderBlobs', false);

                [areasAll, Arealabel] = step(MinimumsBlobls, SuperBinImgSq(:,:,i-1));

                AreaIndex = label2idx(Arealabel)  ;

                overlap  = autoinclude+SuperBinImgSq(:,:,i-1);

                Correction  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

                for b = 1:length(AreaIndex)

                    PixleIDX = AreaIndex{b};

                    if mean(overlap(PixleIDX))>1

                        Correction(PixleIDX)=1;

                    end

                end

                CoarsesegemagationOfLargeBody(:,:,i-1) = Correction;

                MeanOfSegBody(i-1) = mean(mean(Correction));

            end

        end

    end

    

    

    [ImsqBin1] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.01 ,0.01, 0.001);

    [ImsqBin2] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.02 ,0.05, 0.001);

    [ImsqBin5] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.05 ,0.05, 0.001);

    [ImsqBin10] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.1 ,0.05, 0.001);

      

    

    

    

    for  gg = 2 : size(ImgSqIorg,3)-1

        imshow([ImsqBin1(:,:,gg) ImsqBin2(:,:,gg); ImsqBin5(:,:,gg) ImsqBin10(:,:,gg)     ]);

    end

    %Global Binarization of image

    

    filterSobel= fspecial('sobel');

    filterAvg5x5 = fspecial('average',5);

    EdgeTreshold = 0.125;

    NegativTreshold = 0.55;

    gg =21;

    

    for  gg = 2 : size(ImgSqIorg,3)-1

        histroambin = 1-adapthisteq(ImgSqHomoImageCenteredMinusMedian(:,:,gg),'NumTiles',[32 32],'clipLimit',0.15,'Distribution','rayleigh');

        histroambin = imbinarize(histroambin);

        histroambin =  AdaptiveBIN(:,:,gg);

        imshow(histroambin)

        %%%%%%edge imgage

        AverageMinusMedian =imfilter(ImgSqHomoImageCenteredMinusMedian(:,:,gg),filterAvg5x5);

        AverageMinusMedian = ImgSqHomoImageCenteredMinusMedian(:,:,gg);

        EdgeImage = abs(imfilter(AverageMinusMedian,filterSobel', 'replicate'))+abs(imfilter(AverageMinusMedian,filterSobel, 'replicate'));

        EdgeImage2 = imgradient(ImgSqHomoImageCenteredMinusMedian(:,:,gg),'sobel');

        EdgeImageBin = imbinarize(EdgeImage,EdgeTreshold);

        

        EdgeImageBin = bwareaopen(EdgeImageBin, 200);

        % imshow([EdgeImage EdgeImage2 EdgeImageBin histroambin histroambin|EdgeImageBin])

        

        %%%%%%edge imgage

        NegPartFromSummedImg4444 = ImgSqSummedImg(:,:,gg);

        NegPartFromSummedImg4444=imbinarize(NegPartFromSummedImg4444,NegativTreshold);

        

        

        %Remove Small areas

        BWdistSmallElements = bwdist(1-(histroambin));

        BWdistSmallElements(BWdistSmallElements<2) = 0;

        BWdistSmallElements(BWdistSmallElements>0) = 1;

        

        

        lightelemnts = ImgSqHomoImageCenteredMinusMedian(:,:,gg)<0.50;

        

        

        BWdistLargeElements = bwdist(1-histroambin);

        BWdistLargeElements(BWdistLargeElements<=4) = 0;

        BWdistLargeElements(BWdistLargeElements>4) = 1;

        BWdistLargeElementsGrown = boundarymask(BWdistLargeElements);

        BWdistLargeElementsGrown= BWdistLargeElements|boundarymask(BWdistLargeElementsGrown);

        BWdistLargeElementsGrown= BWdistLargeElementsGrown|boundarymask(BWdistLargeElementsGrown);

        

        

        

        BWdistcomb =CoarsesegemagationOfLargeBody(:,:,gg)&~BWdistLargeElements|BWdistSmallElements;

        HistEqCourase = BWdistcomb|CoarsesegemagationOfLargeBody(:,:,gg);

        

        % Find overlap of coarse and binarization image

        HistEqCouraseLarge = bwareaopen(HistEqCourase, 250);

        MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(MinimumsBlobls, HistEqCouraseLarge);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,gg)+HistEqCouraseLarge;

        SegmentationIteration1  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration1(PixleIDX)=1;

            end

        end

        

        

        imshow([SegmentationIteration1 CoarsesegemagationOfLargeBody(:,:,gg)])

        

        se = strel('disk',8);

        BW2 = imdilate(SegmentationIteration1,se);

        se = strel('disk',5);

        BW3 = imdilate(HistEqCourase,se);

        TotalDilated =  BW2|BW3;

        imshow(TotalDilated)

        

        TotalDilated = bwareaopen(TotalDilated, 250);

        [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = SegmentationIteration1+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        

        sjekkbilde = Correctioncombimg2&SegmentationIteration1;

        SegmentationIteration2large = bwareaopen(SegmentationIteration2&histroambin, 50);

        se = strel('disk',8);

        HistEqCourase = imdilate(SegmentationIteration2large,se);

        se = strel('disk',8);

        BW2 = imdilate(SegmentationIteration2large,se);

        se = strel('disk',3);

        BW3 = imdilate(histroambin,se);

        TotalDilated =  BW2|BW3;

        imshow(TotalDilated)

        TotalDilated = bwareaopen(TotalDilated, 250);

        [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = SegmentationIteration1+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        

        

        

        

        

        

        imshow(sjekkbilde33)

        [areasAll, Arealabel] = step(MinimumsBlobls, sjekkbilde33);

        BiggestBlob = Arealabel == find(areasAll==max(areasAll));

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = histroambin+sjekkbilde33;

        SegmentationIteration3 = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration3(PixleIDX)=1;

            end

        end

        

        se = strel('disk',2);

        SecondSegmentation = imdilate(SegmentationIteration3&histroambin,se);

        %  SecondSegmentation = bwareaopen(SecondSegmentation, 300);

        imshowpair(SecondSegmentation, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

        

        imshowpair(histroambin, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

        SecondSegmentationImgSq(:,:,gg) = SecondSegmentation;

        % pause(0.25);

    end

    

    

    

    %Grading

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~SecondSegmentationImgSq(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+SecondSegmentationImgSq(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),SecondSegmentationImgSq(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            

        end

    end

end



%

% for gg = 2:size(ImgSqIorg,3)-1

%

%     verierforgrov = CoarsesegemagationOfLargeBody(:,:,gg).*ImgSqHomoImageCenteredMinusMedian(:,:,gg);

%     % histogram(verierforgrov(verierforgrov>0));

%     [N,edges] = histcounts(verierforgrov(verierforgrov>0));

%

%     hitrogramteller = sum(sum(N));

%     grense= 0;

%     over98 = 0;

%     for d = 1 : length(N)

%         grense = grense+N(d);

%         if( grense/hitrogramteller >0.98)

%             over98 =edges(d);

%             break

%         end

%     end

%

%     Correctioncombimg2 = imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,gg),over98);

%     BWdistSmallElements = bwdist(1-Correctioncombimg2);

%     BWdistSmallElements(BWdistSmallElements<2) = 0;

%     BWdistSmallElements(BWdistSmallElements>0) = 1;

%     Correctioncombimg2 = BWdistSmallElements;

%     % imshow( D)

%     % imshow(Correctioncombimg2)

%     se = strel('disk',10);

%     BW2 = imdilate(Correctioncombimg2,se);

%     se = strel('disk',5);

%     BW3 = imdilate(CoarsesegemagationOfLargeBody(:,:,gg),se);

%     TotalDilated =  BW2|BW3;

%     %  imshow([BW2 BW3 TOTLET])

%     [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

%

%     BiggestBlob = Arealabel == find(areasAll==max(areasAll));

%     BW4=BiggestBlob.*Correctioncombimg2;

%     %   bw99 = activecontour(ImgSqHomoImageCenteredMinusMedian(:,:,gg), BW4, 100, 'Chan-Vese','ContractionBias',-0.25);

%     %     %     imshow(BW2);

%     %  imshowpair(bw99, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

%

%     %  se = strel('disk',3);

%     %   BW2 = imdilate(Correctioncombimg2,se);

%     imshowpair(bwareaopen(BW4.*BW2,20)|CoarsesegemagationOfLargeBody(:,:,gg), ImgSqHomoImageCenteredMinusMedian(:,:,gg));

%     %  imshowpair(bwareaopen(BW4.*BW2,20),CoarsesegemagationOfLargeBody(:,:,gg));

%

%     pause(1);

% end

%

%

%

%

%

%

%

%

%

























for gg = 2 : 57

    imshow(histroambin)

    BWdistSmallElements = bwdist(1-histroambin);

    BWdistSmallElements(BWdistSmallElements<2) = 0;

    

    BWdistSmallElements = bwdist(1-histroambin);

    BWdistSmallElements(BWdistSmallElements<2) = 0;

    %  BWdistSmallElements(BWdistSmallElements>5) = 0;

    BWdistSmallElements(BWdistSmallElements>0) = 1;

    

    

    imshow( BWdistSmallElements)

    HistEqCourase = bwareaopen((BWdistSmallElements),100);

    imshow([HistEqCourase ImgSqHomoImageCenteredMinusMedian(:,:,gg)]);

    

    MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

        'CentroidOutputPort', false,...

        'LabelMatrixOutputPort',true, ...

        'BoundingBoxOutputPort', false,...

        'ExcludeBorderBlobs', false);

    [areasAll, Arealabel] = step(MinimumsBlobls, imbinarize(CoarsesegemagationOfLargeBody(:,:,gg)));

    AreaIndex = label2idx(Arealabel)  ;

    overlap  = CoarsesegemagationOfLargeBody(:,:,gg)+HistEqCourase;

    SegmentationIteration1  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

    for b = 1:length(AreaIndex)

        PixleIDX = AreaIndex{b};

        if mean(overlap(PixleIDX))>1

            SegmentationIteration1(PixleIDX)=1;

        end

    end

    imshow(SegmentationIteration1)

    % for ff =1:50

    Correctioncombimg2 = SegmentationIteration1;

    se = strel('disk',8);

    BW2 = imdilate(Correctioncombimg2,se);

    se = strel('disk',5);

    BW3 = imdilate(HistEqCourase,se);

    TotalDilated =  BW2|BW3;

    imshow([BW2 BW3 TotalDilated])

    [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

    

    AreaIndex = label2idx(Arealabel)  ;

    overlap  = CoarsesegemagationOfLargeBody(:,:,gg)+TotalDilated;

    extracted  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

    for b = 1:length(AreaIndex)

        PixleIDX = AreaIndex{b};

        if mean(overlap(PixleIDX))>1

            extracted(PixleIDX)=1;

        end

    end

    %imshow(extracted|skeleton)

    SegmentationIteration1=(extracted);

    imshow(SegmentationIteration1)

    imshowpair((SegmentationIteration1|CoarsesegemagationOfLargeBody(:,:,gg))&histroambin, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

    pause(0.25);

    

end







    for gg = 2 : size(ImgSqIorg,3)-1

        gg

        starttest=40;

        stopstest=80;

        mainbodysum= zeros(21,1);

        outskitssum = zeros(21,1);

        mainbodypct = zeros(21,1);

        outside = zeros(21,1);

        outsideinside= zeros(21,1);

        for adaptivtresh = starttest:stopstest

            histroambin =imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,gg),'adaptive','ForegroundPolarity','bright','Sensitivity',adaptivtresh/100);

            %  imshow( histroambin)

            histroambin =medfilt2(histroambin);

            mainbodysum(adaptivtresh-starttest+1) = sum(sum(CoarsesegemagationOfLargeBody(:,:,gg)&histroambin));

            outskitssum(adaptivtresh-starttest+1) = sum(sum(~PicRoughMask&histroambin));

            mainbodypct(adaptivtresh-starttest+1) =  mainbodysum(adaptivtresh-starttest+1)/sum(sum(CoarsesegemagationOfLargeBody(:,:,gg)));

            outside(adaptivtresh-starttest+1) =   sum(sum(~PicRoughMask&histroambin))/sum(sum(~PicRoughMask));

            outsideinside(adaptivtresh-starttest+1) =   sum(sum(mainbodysum(adaptivtresh-starttest+1)&~PicRoughMask&histroambin))/sum(sum(PicRoughMask));

            Snrrr(adaptivtresh-starttest+1) = mainbodypct(adaptivtresh-starttest+1)./ outsideinside(adaptivtresh-starttest+1)

        end

        plot(Snrrr)

        sjekk = mainbodysum-outskitssum;

        sjekk(sjekk>0) = 0;

        sjekk= sjekk(sjekk~=0);

        sjekk =min(abs(sjekk));

        sum(sum(CoarsesegemagationOfLargeBody(:,:,gg)));

        plot(mainbodypct);hold on

        plot(outside);

        plot(outsideinside);

        adatrtesh = (find( mainbodysum-outskitssum == -sjekk)+starttest)/100;

        adatrtesh = 56/100

        AdaptiveBIN(:,:,gg) =imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,gg),'adaptive','ForegroundPolarity','bright','Sensitivity',adatrtesh+0.0);

        imshow(AdaptiveBIN(:,:,gg))

    end

    

    startVar = 0.5;

    SNRtarget = 0.02;

    for proving =   2 : size(ImgSqIorg,3)-1

        proving

        SNRcalc = SNRtarget+1;

        while abs(SNRcalc)>SNRtarget+0.05

            ImsqBinAdaptive(:,:,proving) =imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,proving),'adaptive','ForegroundPolarity','bright','Sensitivity',startVar);

            adaptres =   sum(sum(~PicRoughMask&ImsqBinAdaptive(:,:,proving)))/sum(sum(~PicRoughMask))

            SNRcalc =(SNRtarget-adaptres);

            startVar = startVar + SNRcalc;

            imshow( ImsqBinAdaptive(:,:,proving))

            pause(1);

        end

    end

    

    startVar = 0.5;

    SNRtarget = 0.02;

    for proving =   2 : size(ImgSqIorg,3)-1

        proving

        adaptres = SNRtarget+1;

        %     while ((adaptres>SNRtarget+0.005)||(adaptres<SNRtarget-0.005))

        %         ImsqBinTresh(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

        %         adaptres =   sum(sum(~PicRoughMask&ImsqBinTresh(:,:,proving)))/sum(sum(~PicRoughMask));

        %         SNRcalc =(SNRtarget-adaptres);

        %         startVar = startVar + SNRcalc*0.1;

        %     end

        %     SNRtarget2 = 0.005;

        %     adaptres = SNRtarget2+1;

        %     while ((adaptres>SNRtarget2+0.001)||(adaptres<SNRtarget2-0.001))

        %         ImsqBinTresh2(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

        %         adaptres =  sum(sum(~PicRoughMask&ImsqBinTresh2(:,:,proving)))/sum(sum(~PicRoughMask));

        %         SNRcalc =(SNRtarget2-adaptres);

        %         startVar = startVar + SNRcalc*0.01;

        %     end

        %

        

        SNRtarget3 = 0.05;

        adaptres = SNRtarget3+1;

        while ((adaptres>SNRtarget3+0.005)||(adaptres<SNRtarget3-0.005))

            ImsqBinTresh3(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

            adaptres =  sum(sum(~PicRoughMask&ImsqBinTresh3(:,:,proving)))/sum(sum(~PicRoughMask));

            SNRcalc =(SNRtarget3-adaptres);

            startVar = startVar + SNRcalc*0.01;

        end

        

        %   imshow(ImsqBinTresh3(:,:,proving))

        % pause(1);

        

        SNRtarget4 = 0.1;

        adaptres = SNRtarget4+1;

        while ((adaptres>SNRtarget4+0.005)||(adaptres<SNRtarget4-0.005))

            ImsqBinTresh4(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

            adaptres =  sum(sum(~PicRoughMask&ImsqBinTresh4(:,:,proving)))/sum(sum(~PicRoughMask));

            SNRcalc =(SNRtarget4-adaptres);

            startVar = startVar + SNRcalc*0.01;

        end

        

        imshow([ImsqBinTresh2(:,:,proving) ImsqBinTresh(:,:,proving);

            ImsqBinTresh3(:,:,proving) ImsqBinTresh4(:,:,proving)] )

        pause(1);

    end

    

    

    for proving =   2 : size(ImgSqIorg,3)-1

        %imshow([ImsqBinTresh(:,:,proving) ImsqBinTresh2(:,:,proving) ImsqBinAdaptive(:,:,proving) imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,proving))])

        comsuprerimg2333= zeros(736);

        SuperPixImg  =  ImgSqSuperPixles(:,:,proving);

        binimg =  ImsqBinTresh2(:,:,proving);

        idx = label2idx(SuperPixImg);

        

        

        for labelVal = 1:NumSuperpixles(proving)

            

            redIdx = idx{labelVal};

            pct = sum(binimg(redIdx))/length(redIdx);

            if pct>0.25

                comsuprerimg2333(redIdx) = 1;

            else

                comsuprerimg2333(redIdx) = 0;

            end

        end

        imshow(imoverlay(boundarymask(ImgSqSuperPixles(:,:,proving)),comsuprerimg2333|ImsqBinTresh(:,:,proving)))

        pause(1);

    end

    

    

    for gg = 2 : size(ImgSqIorg,3)-1

        imshow( AdaptiveBIN(:,:,gg) );

    end




















AKMVesselEnhancmentMethod.m

clear all

close all

clc

%%%%%%% IMAGE PATH MUST BE FILLED OUT

%%%%%%% IMAGE PATH MUST BE FILLED OUT

%%%%%%% IMAGE PATH MUST BE FILLED OUT

PathMain = 'C:\Users\AlexanderKvale\Desktop\Starting Material\TIFF\';

%%  Naminconvention of images are

% C:\Users\AlexanderKvale\Desktop\Starting

% Material\TIFF\Patient-001^001\Study__XA_CardAngio[]\Series_1\IMG00000_Frame1.tiff

%

%%

mkdir ResultWater

mkdir ResultIniSeg

mkdir ResultBin

mkdir Result



addpath('CodeWrittenForSubject')

addpath('CodeFromSource')





%% Proposed method variables

%        1    2    3    4    5    6    7

Po =    [1    2    4    5    6    7     9    ];

SO =    [5    4    2    2    5    7     4    ];

Nois1 = [0.01 0.01 0.02 0.02 0.01 0.005 0.01 ];

Nois2 = [0.02 0.02 0.05 0.04 0.05 0.01  0.02 ];

Nois3 = [0.05 0.05 0.10 0.08 0.10 0.02  0.04 ];

sptes = [0.25 0.25 0.40 0.25 0.05 0.05  0.70 ];

smott = [0    0    1    1    2    1     1    ];

mtres = [5.5  5.5  5.5  4.5  4.5  6.5   6.5  ];

SuperJumpDist = 3;





%% Watershedimage

WaterBinTest = 0.01 :0.02: 0.15;

WaterTresholdImageFinalSeg = 6;



%% Active conture

activecontourBias = -0.3;



%%

% Po =    [1    1    1    1    1    1     1    ];

% SO =    [1    2    3    4    5    6     7    ];

% Nois1 = [0.01 0.01 0.01 0.01 0.01 0.01  0.01 ];

% Nois2 = [0.02 0.02 0.02 0.02 0.02 0.02  0.02 ];

% Nois3 = [0.05 0.05 0.05 0.05 0.05 0.05  0.05 ];

% sptes = [0.25 0.25 0.25 0.25 0.25 0.25  0.25 ];

% smott = [1    1    1    1    1    1     1    ];

% mtres = [5.5  5.5  5.5  4.5  4.5  6.5   6.5  ];





for runAll = 1: length(Po)

    %for runAll = 1

    Bin1NoiseTresh =              Nois1(runAll);

    Bin2NoiseTresh =              Nois2(runAll);

    Bin3NoiseTresh =              Nois3(runAll);

    gaussing =                    smott(runAll);

    masktresh =                   mtres(runAll);

    SuperPixelOccupacyTreshold  = sptes(runAll);

    SuperJumpDist = 2;

    

    disp(['ImageSequenze number ' num2str(runAll) ' of  ' num2str(length(Po))]);

    

    

    NumPatient=Po(runAll);

    NumSession  =SO(runAll);

    

    %%

    %% Image Fecthing

    %%

    disp('Fetching Original Images');

    [ImgSqIorg,NumImg] = AKMfuncGetPatientImages(PathMain,NumPatient, NumSession) ;

    [AnnaBackground,AnnoVessels,AnnoFrames] = AKMfuncGetAnnotation(NumPatient, NumSession) ;

    

    %% Homomorphic Filtering

    % Remove Uneven Illiumination

    OptionsHomo.Sigma = 25;

    OptionsHomo.CenterValue = 0.5;

    disp('Performs homomorphic processing and centers them');

    [ImgSqHomoImage, ImgSqHomoImageCentered]=AKMfuncHomomorphicCentering(ImgSqIorg,OptionsHomo);

    

    %% Find and subtract median

    % Remove Static noise

    PicMedianOfHomomorphicImage = median(ImgSqHomoImageCentered,3);

    ImgSqHomoImageCenteredMinusMedian = ImgSqHomoImageCentered-PicMedianOfHomomorphicImage+OptionsHomo.CenterValue;

    

    %imshow([ImgSqIorg(:,:,20) ImgSqHomoImageCentered(:,:,20) ImgSqHomoImageCenteredMinusMedian(:,:,20)])

    

    

    %% Find static and dynamic areas in image sequenze

    

    GaussFilter = fspecial('gaussian', 11,2.0);

    GaussFilter = GaussFilter./mean(mean(GaussFilter));

    OptionsIntermediate.FilterDesgin = GaussFilter;

    OptionsIntermediate.Edgelevel = masktresh;

    OptionsIntermediate.IlluminationPct = 0.8;

    OptionsIntermediate.MeanAdjustmentFilter = 1/size(GaussFilter,1);

    disp('Performs intermediatechange procssssing');

    [DynStaticMask, ImgSqBinTran,ImgSqTrans,ImgSqSummedImg]= ...

        AKMfuncIntermediateProcessing(ImgSqHomoImageCenteredMinusMedian,OptionsIntermediate);

    

    % Image no 5 requres manual attetion to avoid realy unforutnate seedpoint

    if runAll == 5

        DynStaticMask(1:100,320:520) = 0;

    end

    

    RGB = insertText(DynStaticMask,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Rough mask']);

    imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Rough mask.tiff' ]);

    

    %% perform binarizations

    %

    disp('Performs Binarizations images');

    if gaussing >0

        for filt = 1:1

            GaussFilter = fspecial('gaussian', 3,0.5);

            ImgSqHomoImageCenteredMinusMedian = imfilter(ImgSqHomoImageCenteredMinusMedian,GaussFilter,'replicate');

        end

    end

    

    [ImsqBin1] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, Bin1NoiseTresh ,0.01, 0.001);

    [ImsqBin2] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, Bin2NoiseTresh ,0.01, 0.001);

    [ImsqBin3] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, Bin3NoiseTresh ,0.01, 0.001);

    

    disp('Writing Binarizations images');

    for  FineSegItr = 2 : size(ImgSqIorg,3)-1

        TMPimg=  1-ImsqBin1(:,:,FineSegItr);

        RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'NoiseTresh ' num2str(Bin1NoiseTresh)], 'FontSize',18 );

        imwrite(RGB,['ResultBin\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'OutsideNoiseLevelset to ' num2str(Bin1NoiseTresh) '.tiff' ]);

        TMPimg=  1-ImsqBin2(:,:,FineSegItr);

        RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'NoiseTresh ' num2str(Bin2NoiseTresh)], 'FontSize',18 );

        imwrite(RGB,['ResultBin\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'OutsideNoiseLevelset to ' num2str(Bin2NoiseTresh) '.tiff' ]);

        TMPimg=  1-ImsqBin3(:,:,FineSegItr);

        RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'NoiseTresh ' num2str(Bin3NoiseTresh)], 'FontSize',18 );

        imwrite(RGB,['ResultBin\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'OutsideNoiseLevelset to ' num2str(Bin3NoiseTresh) '.tiff' ]);

    end

    

    

    

    

    

    %%  Segmentation

    %  Superpixel

    OptionsSuperPixels.PixeleNumbers = size(ImgSqIorg,1) +size(ImgSqIorg,2);

    OptionsSuperPixels.Itterations = 20;   %default 10, See superpixle help

    OptionsSuperPixels.Shape = 2;         %default 10 , See superpixle help

    

    disp('Performs inital superpixel procssssing');

    [ImgSqSuperPixles, NumSuperpixles,ImgSqBoundaryMask]= ...

        AKMfuncSuperpixleCreate(ImgSqHomoImageCenteredMinusMedian,OptionsSuperPixels);

    

    %%  Coaurse segemantaion

    

    disp('Performs caorse segemantaion');

    CoarsesegemagationOfLargeBody = zeros(size(ImgSqHomoImage));

    MeanOfSegBody = zeros(size(ImgSqHomoImage,3),3);

    SuperBinImgSq =zeros(size(ImgSqIorg));

    for CourseSegItr = 2:size(ImgSqHomoImage,3) -1

        IniSeg=zeros(size(ImgSqHomoImage,1),size(ImgSqHomoImage,2));

        SuperPixImg  =  ImgSqSuperPixles(:,:,CourseSegItr);

        binimg =  ImsqBin1(:,:,CourseSegItr);

        idx = label2idx(SuperPixImg);

        for labelVal = 1:NumSuperpixles(CourseSegItr)

            redIdx = idx{labelVal};

            pct = sum(binimg(redIdx))/length(redIdx);

            if pct>SuperPixelOccupacyTreshold

                IniSeg(redIdx) = 1;

            else

                IniSeg(redIdx) = 0;

            end

        end

        

        SuperBinImg = imbinarize(IniSeg);

        SuperBinImgSq(:,:,CourseSegItr) = SuperBinImg;

        

        PosPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        NegPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        SmallPixel = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        

        %%%% Border Mask creation

        Bordermask = ones(size(ImgSqIorg,1),size(ImgSqIorg,2));

        Bordermask(2:end-1,2:end-1) = 0;

        Bordermask= Bordermask.*DynStaticMask;

        

        %%%% Expand Border Mask creation

        Superpixelborder= aFuncSuperPixleEdge2(SuperPixImg,3,DynStaticMask,Bordermask);

        Superpixelborderbin = Superpixelborder;

        Superpixelborderbin(Superpixelborderbin>1) =1 ;

        

        

        

        TMPimg = imoverlay(DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,CourseSegItr),Superpixelborderbin,'blue');

        TMPimg = imoverlay(TMPimg, Bordermask|boundarymask(Bordermask),'green');

        TMPimg = imoverlay(TMPimg, ImgSqBoundaryMask(:,:,CourseSegItr),'white');

        % imshow([TMPimg])

        

        

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        initalborders = SuperBinImg&Superpixelborder;

        BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(BlopAnalysator, initalborders);

        AreaIndex = label2idx(Arealabel)  ;

        BiggerthanOneSuper  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            borderpix = unique(SuperPixImg(PixleIDX));

            if length(borderpix)>2

                BiggerthanOneSuper(PixleIDX)=1;

            end

        end

        if mean(mean(BiggerthanOneSuper))== 0

            BiggerthanOneSuper = initalborders;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(BlopAnalysator, SuperBinImg);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = BiggerthanOneSuper+SuperBinImg;

        Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                Biggerthanself(PixleIDX)=1;

            end

            

        end

        

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Grow to find neighbors

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        SuperpixelGrowing = 1;

        growingshow = 1;

        growschiem =  zeros(size(ImgSqIorg));

        while SuperpixelGrowing == 1

            initialSeg = Biggerthanself;

            growschiem(:,:,growingshow) = initialSeg;

            growingshow = growingshow+1;

            Boadergrow= aFuncSuperPixleEdge2(SuperPixImg,SuperJumpDist+1,DynStaticMask,initialSeg);

            

            BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

                'CentroidOutputPort', false,...

                'LabelMatrixOutputPort',true, ...

                'BoundingBoxOutputPort', false,...

                'ExcludeBorderBlobs', false);

            [areasAll, Arealabel] = step(BlopAnalysator, SuperBinImg);

            AreaIndex = label2idx(Arealabel)  ;

            overlap  = Boadergrow+SuperBinImg;

            Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

            for b = 1:length(AreaIndex)

                PixleIDX = AreaIndex{b};

                if mean(overlap(PixleIDX))>1

                    Biggerthanself(PixleIDX)=1;

                end

            end

            if Biggerthanself == initialSeg

                SuperpixelGrowing = 0;

            else

                SuperpixelGrowing = 1;

            end

        end

        

        CoarsesegemagationOfLargeBody(:,:,CourseSegItr) = Biggerthanself;

        MeanOfSegBody(CourseSegItr) = sum(sum(CoarsesegemagationOfLargeBody(:,:,CourseSegItr)));

        if CourseSegItr>4

            testvar  =MeanOfSegBody(CourseSegItr-2)-  2*MeanOfSegBody(CourseSegItr-1) + MeanOfSegBody(CourseSegItr);

            if testvar>0.029

                autoinclude = SuperBinImgSq(:,:,CourseSegItr-2)+ SuperBinImgSq(:,:,CourseSegItr-1) + SuperBinImgSq(:,:,CourseSegItr);

                autoinclude(autoinclude~=3) = 0;

                autoinclude(autoinclude==3)=  1;

                autoinclude = autoinclude.*(CoarsesegemagationOfLargeBody(:,:,CourseSegItr-2)|CoarsesegemagationOfLargeBody(:,:,CourseSegItr));

                

                BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

                    'CentroidOutputPort', false,...

                    'LabelMatrixOutputPort',true, ...

                    'BoundingBoxOutputPort', false,...

                    'ExcludeBorderBlobs', false);

                [areasAll, Arealabel] = step(BlopAnalysator, imbinarize(SuperBinImgSq(:,:,CourseSegItr-1)));

                AreaIndex = label2idx(Arealabel)  ;

                overlap  = autoinclude+SuperBinImgSq(:,:,CourseSegItr-1);

                Correction  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

                for b = 1:length(AreaIndex)

                    PixleIDX = AreaIndex{b};

                    if mean(overlap(PixleIDX))>1

                        Correction(PixleIDX)=1;

                    end

                end

                CoarsesegemagationOfLargeBody(:,:,CourseSegItr-1) = Correction;

                MeanOfSegBody(CourseSegItr-1) = sum(sum(Correction));

            end

        end

        

        

        TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,CourseSegItr),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)),'blue');

        for printer = 2:growingshow-1

            colour = [rand(1),rand(1) ,rand(1)];

            TMPimg = insertText(TMPimg,[50 160-printer*20],['itteration ' num2str(growingshow-printer)],'TextColor',colour.*255,'BoxColor','w','BoxOpacity',1 );

            TMPimg = imoverlay(TMPimg,growschiem(:,:,growingshow-printer),colour );

        end

        % imshow(TMPimg)

        

        

        

    end

    

    %% Fine Segmentation

    disp('Performs Fine segemantaion');

    FinalSegmentation  = zeros(size(ImgSqHomoImage));

    MeanOfFinalSegSegBody = zeros(size(ImgSqHomoImage,3),1);

    

    for  FineSegItr = 2 : size(ImgSqIorg,3)-1

        RGB = insertText(1-CoarsesegemagationOfLargeBody(:,:,FineSegItr),[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'Superpixelsegmantion'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg1Ini.tiff' ]);

        

        se = strel('disk',5);

        BW2 = imdilate(CoarsesegemagationOfLargeBody(:,:,FineSegItr),se);

        se = strel('disk',3);

        BW3 = imdilate(ImsqBin1(:,:,FineSegItr),se);

        TotalDilated =  BW2|BW3;

        

        TotalDilated = bwareaopen(TotalDilated, 500);

        [areasAll, Arealabel] = step(BlopAnalysator, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,FineSegItr)+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            mean(overlap(PixleIDX));

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        

        RGB = insertText(1-(SegmentationIteration2&ImsqBin2(:,:,FineSegItr)),[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'MidSegmentation'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg2Mid.tiff' ]);

        se = strel('disk',5);

        BW2 = imdilate(SegmentationIteration2&ImsqBin2(:,:,FineSegItr),se);

        se = strel('disk',3);

        BW3 = imdilate(ImsqBin2(:,:,FineSegItr),se);

        TotalDilated =  BW2|BW3;

        TotalDilated = bwareaopen(TotalDilated, 500);

        

        

        [areasAll, Arealabel] = step(BlopAnalysator, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,FineSegItr)+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            mean(overlap(PixleIDX));

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        SegmentationIteration3 = bwareaopen(SegmentationIteration2&ImsqBin3(:,:,FineSegItr), 25);

        se = strel('disk',5);

        BW2 = imdilate(SegmentationIteration3&ImsqBin3(:,:,FineSegItr),se);

        TotalDilated =  BW2|ImsqBin3(:,:,FineSegItr);

        %  imshow(TotalDilated)

        

        TotalDilated = bwareaopen(TotalDilated, 500);

        %   imshow(TotalDilated)

        [areasAll, Arealabel] = step(BlopAnalysator, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,FineSegItr)+TotalDilated;

        SegmentationIteration3  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            mean(overlap(PixleIDX));

            if mean(overlap(PixleIDX))>1

                SegmentationIteration3(PixleIDX)=1;

            end

        end

        

        SegmentationIteration3 = bwareaopen(SegmentationIteration3&ImsqBin3(:,:,FineSegItr), 25);

        FinalSegmentation(:,:,FineSegItr) =SegmentationIteration3;

        MeanOfFinalSegSegBody(FineSegItr) = sum(sum(FinalSegmentation(:,:,FineSegItr)));

        

        RGB = insertText(1-SegmentationIteration3,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'FinalSegmentation'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg3Fin.tiff' ]);

        RGB = insertText(ImgSqHomoImageCenteredMinusMedian(:,:,FineSegItr),[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'Homomorphic image'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg4HomoImage.tiff' ]);

        

    end

    plot(MeanOfSegBody); hold on

    plot(MeanOfFinalSegSegBody)

    saveas(gcf,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'SemenationPct.tiff' ]);

    hold off

    

    

    disp('Performs grading');

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        AnnoTrueBackground = zeros(length(AnnoFrames),1);

        AnnoFalseBackground = zeros(length(AnnoFrames),1);

        AnnoTrueVessel  = zeros(length(AnnoFrames),1);

        AnnoFalseVessel =  zeros(length(AnnoFrames),1);

        

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~FinalSegmentation(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+FinalSegmentation(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),FinalSegmentation(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            % imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Vessels correcly noted ' num2str(AnnoTrueVessel(AnnoationImg)) ' Background correcly noted ' num2str(AnnoTrueBackground(AnnoationImg))] );

            

            imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

            GradeFinalSeg{runAll,1} = AnnoTrueVessel;

            GradeFinalSeg{runAll,2} = AnnoTrueBackground;

        end

        

    end

    

    %% Activecontour  chanvese

    

    ActiveImg = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),size(ImgSqIorg,3));

    for d = 2 : size(ImgSqIorg,3)-1

        meanImg = 1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,d),0.5);

        ActiveImg(:,:,d) = meanImg&activecontour(ImgSqHomoImageCenteredMinusMedian(:,:,d),FinalSegmentation(:,:,d), 'Chan-Vese','ContractionBias',activecontourBias);

    end

    

    disp('Performs grading active conture');

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        AnnoTrueBackground = zeros(length(AnnoFrames),1);

        AnnoFalseBackground = zeros(length(AnnoFrames),1);

        AnnoTrueVessel  = zeros(length(AnnoFrames),1);

        AnnoFalseVessel =  zeros(length(AnnoFrames),1);

        

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~ActiveImg(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+ActiveImg(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),ActiveImg(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            % imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Vessels correcly noted ' num2str(AnnoTrueVessel(AnnoationImg)) ' Background correcly noted ' num2str(AnnoTrueBackground(AnnoationImg))] );

            

            imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) 'Activeconture.tiff' ]);

            GradeConture{runAll,1} = AnnoTrueVessel;

            GradeConture{runAll,2} = AnnoTrueBackground;

        end

        

    end

    

    

    

    %% WaterShed

    disp('Performs watershed bin img');

    WaterTest = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),size(ImgSqIorg,3));

    %%

    for wt = 1: length(WaterBinTest)

        

        WaterTestBin = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, WaterBinTest(wt) ,0.01, 0.01);

        se = strel('disk',1);

        WaterTestBin = imdilate(WaterTestBin,se);

        WaterTestBin = bwareaopen(WaterTestBin, 20);

        WaterTest = WaterTest+WaterTestBin;

      %  imshow(WaterTest(:,:,wt)./wt);

        

    end

    

    disp('Performs watershed');

    watera =  zeros(size(ImgSqIorg));

    for hhh = 2:size(ImgSqIorg,3)-1

        

        bw =~(WaterTest(:,:,hhh))>0;

        D = (WaterTest(:,:,hhh));

        D = -D;

        D(~bw) = -Inf;

        L = watershed(D);

        rgb = label2rgb(L,'jet',[.5 .5 .5]);

   %     imshow(rgb)

        I = rgb2gray(rgb);

  %      imshow(I)

        Id = cast(I,'double').*FinalSegmentation(:,:,hhh);

        

        greatest = Id.*ImsqBin1(:,:,hhh);

        WaterBin = ismember(I,unique(nonzeros(greatest)));

  %      imshow(WaterBin);

        

        TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,hhh),bwareaopen(WaterBin.*(WaterTest(:,:,hhh)>WaterTresholdImageFinalSeg),100),'blue');

        watera(:,:,hhh) = bwareaopen(WaterBin.*(WaterTest(:,:,hhh)>6),100);

 %       imshow((TMPimg))

    end

    

    disp('Performs grading watershed');

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        AnnoTrueBackground = zeros(length(AnnoFrames),1);

        AnnoFalseBackground = zeros(length(AnnoFrames),1);

        AnnoTrueVessel  = zeros(length(AnnoFrames),1);

        AnnoFalseVessel =  zeros(length(AnnoFrames),1);

        

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~watera(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+watera(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),watera(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            % imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Vessels correcly noted ' num2str(AnnoTrueVessel(AnnoationImg)) ' Background correcly noted ' num2str(AnnoTrueBackground(AnnoationImg))] );

            

            imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) 'WaterShedding.tiff' ]);

            GradeWater{runAll,1} = AnnoTrueVessel;

            GradeWater{runAll,2} = AnnoTrueBackground;

        end

        

    end

    

end









%% Bleow are plot fuctions used to produce images

%     numtresh = 15;

%     for hoho = 1 : size(ImgSqIorg,3)-1

%         thresh = multithresh(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),numtresh);

%         mtresh(:,hoho) =  multithresh(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),numtresh);

%         for hohoNo = 1 :numtresh

%             Multitresh(hoho,hohoNo) =  sum(sum(~DynStaticMask&~imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,hoho),thresh(hohoNo))))./sum(sum(~DynStaticMask));

%         end

%

%         adatresh1 = min(min(ImsqBin1.*~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,hoho)));

%         mytresh(hoho,1) = sum(sum(~DynStaticMask&~imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),adatresh1(hoho))))./sum(sum(~DynStaticMask));

%         adatresh2   = min(min(ImsqBin2.*~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,hoho)));

%         mytresh(hoho,2) = sum(sum(~DynStaticMask&~imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),adatresh2(hoho))))./sum(sum(~DynStaticMask));

%         adatresh3 = min(min(ImsqBin3.*~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,hoho)));

%         mytresh(hoho,3) = sum(sum(~DynStaticMask&~imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),adatresh3(hoho))))./sum(sum(~DynStaticMask));

%     end

%     plot(Multitresh(:,10:12)); hold on

%     plot(mytresh)

%

%     plot(squeeze(adatresh1)); hold on

%     plot(squeeze(adatresh2))

%     plot(squeeze(adatresh3))

%     plot(mtresh(10:12,:)')

%



% %% Test tophat

% se = strel('disk',24);

% se12 = strel('disk',12);

%  for  toptest = 1 : size(ImgSqIorg,3)-1

%     tophatFiltered5(:,:,toptest) = imtophat(1-ImgSqIorg(:,:,toptest),se);

%     tophatFiltered12(:,:,toptest) = imtophat(1-ImgSqIorg(:,:,toptest),se12);

%  end

%  for  toptest = 1 : size(ImgSqIorg,3)-1

%       imshow([tophatFiltered5(:,:,toptest)  tophatFiltered12(:,:,toptest)])

%  end

%  tophatFiltered5medsub = tophatFiltered5-median(tophatFiltered5,3);

%  tophatFiltered12medsub = tophatFiltered5-median(tophatFiltered12,3);



%  RGB = insertText([0.5-tophatFiltered5(:,:,toptest) 0.5-tophatFiltered12(:,:,toptest)] ,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' disk size 36 & 12'], 'FontSize',24 );

%  imwrite(RGB,['Resul222t\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

%  RGB = insertText([    0.5-(tophatFiltered5medsub(:,:,toptest)) 0.5-(tophatFiltered12medsub(:,:,toptest))  ] ,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' disk size 36 & 12 median subtracted'], 'FontSize',24 );

%  imwrite(RGB,['Resul222t\Patie44ntNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

%  RGB = insertText([  ImgSqIorg(:,:,toptest) ImgSqHomoImageCenteredMinusMedian(:,:,toptest) ] ,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Iorg & homomorphic subtracted median'], 'FontSize',24 );

%  imwrite(RGB,['Resul222t\Patie445n5No' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

%

%  for  toptest = 1 : size(ImgSqIorg,3)-1

%     imshow([(tophatFiltered5(:,:,toptest)) (tophatFiltered12(:,:,toptest))     ;

%             0.5-(tophatFiltered5medsub(:,:,toptest)) 0.5-(tophatFiltered12medsub(:,:,toptest))

%             ImgSqIorg(:,:,toptest) (ImgSqHomoImageCenteredMinusMedian(:,:,toptest).*4)-1.5])

%     pause(0.5)

%  end

% %% Test å rpinter

% for test222 = 1:50

%     gjennomnittt(test222) = mean(mean(ImgSqHomoImageCentered(:,:,test222)));

%     gjennomnittt2(test222) = mean(mean(ImgSqHomoImageCenteredMinusMedian(:,:,test222)));

% end

% plot(gjennomnittt); hold on

% plot(gjennomnittt2); hold off

% edges = [0.4 :0.005: 0.6];

% testFrame= 45;

% %     histogram(~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,testbilde),edges); hold on

% %     histogram(DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,testbilde),edges); hold on

% %     title(['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Dyn vs Static ' ' Frame No ' num2str(testbilde)])

% histogram(nonzeros(FinalSegmentation(:,:,testFrame).*ImgSqHomoImageCenteredMinusMedian(:,:,testFrame)),edges); hold on

% histogram(nonzeros(DynStaticMask.*~FinalSegmentation(:,:,testFrame).*ImgSqHomoImageCenteredMinusMedian(:,:,testFrame)),edges)

% title(['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Dyn segmentation' ' Frame No ' num2str(testFrame)])

% itr = 0;

% for testFrame = 5 : 5 : 40

%     itr  =itr+1;

%     histogram(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame))

%     testbile = imfilter(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),GaussFilter, 'same');

%     testbile = imfilter(testbile,GaussFilter, 'same');

%     %   histogram(testbile)

%     %  imshow(testbile)

%     thresh2 = multithresh(testbile,5)

%     %  imshow([]);

%

%     testbile = imfilter(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),GaussFilter, 'circular');

%     testbile = imfilter(testbile,GaussFilter, 'circular');

%     %  histogram(testbile)

%     %imshow(testbile)

%     thresh = multithresh(testbile,5)

%     gg(:,:,itr)  = [1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),thresh2(4)) 1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),thresh(2)) ImsqBin1(:,:,testFrame)];

% end

% imshow([gg(:,:,1); gg(:,:,2) ; gg(:,:,3); gg(:,:,4); gg(:,:,5); gg(:,:,6); gg(:,:,7); gg(:,:,8) ])

%










CodeWrittenForSubject/AKMWaterShedMetod.m



PatientOrder = [1 2 4 5 6 7 9];

SessionOrder = [5 4 2 2 5 7 4];

RunAll = 1;





disp(['ImageSequenze number ' num2str(runAll) ' of  ' num2str(length(PatientOrder))]);

PathMain = 'C:\Users\AlexanderKvale\Desktop\Starting Material\TIFF\';

PathSaveTO = 'C:\Users\AlexanderKvale\Desktop\OutputImageMaster\';



NumPatient=PatientOrder(runAll);

NumSession  =SessionOrder(runAll);



%%

%% Image Fecthing

%%

disp('Fetching Original Images');

[ImgSqIorg,NumImg] = AKMfuncGetPatientImages(PathMain,NumPatient, NumSession) ;

[AnnaBackground,AnnoVessels,AnnoFrames] = AKMfuncGetAnnotation(NumPatient, NumSession) ;



%%

%% Preprocssing in spartial domain

%%



%% Homomorphic Filtering

OptionsHomo.Sigma = 25;

OptionsHomo.CenterValue = 0.5;

disp('Performs homomorphic processing and centers them');

[ImgSqHomoImage, ImgSqHomoImageCentered]=AKMfuncHomomorphicCentering(ImgSqIorg,OptionsHomo);





%% Find and subtract median

PicMedianOfHomomorphicImage = median(ImgSqHomoImageCentered,3);

ImgSqHomoImageCenteredMinusMedian = ImgSqHomoImageCentered-PicMedianOfHomomorphicImage+OptionsHomo.CenterValue;



WaterTest = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),size(ImgSqIorg,3)-1);

WaterBinTest = 0.01 :0.02: 0.21;

for wt = 1: length(WaterBinTest)

    wt

    WaterTestBin = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, WaterBinTest(wt) ,0.01, 0.01);

    se = strel('disk',1);

    WaterTestBin = imdilate(WaterTestBin,se);

    WaterTestBin = bwareaopen(WaterTestBin, 20);

    WaterTest = WaterTest+WaterTestBin;

    imshow(WaterTest(:,:,20)./wt);

    

end



for hhh = 1:size(ImgSqIorg,3)-1

    bw =~imsharpen(WaterTest(:,:,hhh))>0;

    D = imsharpen(WaterTest(:,:,hhh));

    D = -D;

    D(~bw) = -Inf;

    L = watershed(D);

    rgb = label2rgb(L,'jet',[.5 .5 .5]);

    imshow(rgb)

    I = rgb2gray(rgb);

    Id = cast(I,'double');

    greatest = Id.*ImsqBin1(:,:,hhh);

    WaterBin = I==mode(nonzeros(greatest));

    TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,hhh),WaterBin&ImsqBin20(:,:,hhh),'blue');

    imshow(TMPimg)

end









%% Frangi Filtering

% OptionsFangi.FrangiScaleRange = [1 9];

% OptionsFangi.FrangiScaleRatio = 2;

% OptionsFangi.FrangiBetaOne = 5;

% OptionsFangi.FrangiBetaTwo =10000;

% OptionsFangi.BlackWhite = true;

% OptionsFangi.verbose = false;

% ImgSqHomoImageCenteredMinusMedianRecaled = ImgSqHomoImageCenteredMinusMedian.*4-1.5;

%

% disp('Performs frangi procssssing');

% [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

%     AKMfuncFrangiProcessing(ImgSqHomoImageCenteredMinusMedianRecaled,OptionsFangi) ;



% centreertmitdtfrang= ImgSqFrangiImg(:,:,45)./mean(mean(ImgSqFrangiImg(:,:,45)));

% centreertmitdtfrangadj = imadjust(centreertmitdtfrang);

% centreertmitdtfrangadj(centreertmitdtfrangadj<1) =0;

% imshow(centreertmitdtfrangadj);

%

% imshow(centreertmitdtfrang./10)

% imshow(ImgSqFrangiDir(:,:,45)./pi);

%

% imshow(ImgSqFrangiImg(:,:,45)./(max(max(ImgSqFrangiImg(:,:,45)))));



% OptionsFangi.FrangiScaleRange = [1 9];

% OptionsFangi.FrangiScaleRatio = 2;

% OptionsFangi.FrangiBetaOne = 150;

% OptionsFangi.FrangiBetaTwo =10000;

% OptionsFangi.BlackWhite = false;

% OptionsFangi.verbose = false;

%

% disp('Performs frangi procssssing');

% [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

%     AKMfuncFrangiProcessing(ImgSqSummedImg,OptionsFangi) ;










CodeFromSource/eig2image.m

function [Lambda1,Lambda2,Ix,Iy]=eig2image(Dxx,Dxy,Dyy)

% This function eig2image calculates the eigen values from the

% hessian matrix, sorted by abs value. And gives the direction

% of the ridge (eigenvector smallest eigenvalue) .

% 

% [Lambda1,Lambda2,Ix,Iy]=eig2image(Dxx,Dxy,Dyy)

%



%

% | Dxx  Dxy |

% |          |

% | Dxy  Dyy |





% Compute the eigenvectors of J, v1 and v2

tmp = sqrt((Dxx - Dyy).^2 + 4*Dxy.^2);

v2x = 2*Dxy; v2y = Dyy - Dxx + tmp;



% Normalize

mag = sqrt(v2x.^2 + v2y.^2); i = (mag ~= 0);

v2x(i) = v2x(i)./mag(i);

v2y(i) = v2y(i)./mag(i);



% The eigenvectors are orthogonal

v1x = -v2y; 

v1y = v2x;



% Compute the eigenvalues

mu1 = 0.5*(Dxx + Dyy + tmp);

mu2 = 0.5*(Dxx + Dyy - tmp);



% Sort eigen values by absolute value abs(Lambda1)<abs(Lambda2)

check=abs(mu1)>abs(mu2);



Lambda1=mu1; 

Lambda1(check)=mu2(check);

Lambda2=mu2; 

Lambda2(check)=mu1(check);



Ix=v1x; Ix(check)=v2x(check);

Iy=v1y; Iy(check)=v2y(check);












CodeFromSource/FrangiFilter2D.m

function [outIm,whatScale,Direction] = FrangiFilter2D(I, options)

% This function FRANGIFILTER2D uses the eigenvectors of the Hessian to

% compute the likeliness of an image region to vessels, according

% to the method described by Frangi:2001 (Chapter 2).

%

% [J,Scale,Direction] = FrangiFilter2D(I, Options)

%

% inputs,

%   I : The input image (vessel image)

%   Options : Struct with input options,

%       .FrangiScaleRange : The range of sigmas used, default [1 8]

%       .FrangiScaleRatio : Step size between sigmas, default 2

%       .FrangiBetaOne : Frangi correction constant, default 0.5

%       .FrangiBetaTwo : Frangi correction constant, default 15

%       .BlackWhite : Detect black ridges (default) set to true, for

%                       white ridges set to false.

%       .verbose : Show debug information, default true

%

% outputs,

%   J : The vessel enhanced image (pixel is the maximum found in all scales)

%   Scale : Matrix with the scales on which the maximum intensity 

%           of every pixel is found

%   Direction : Matrix with directions (angles) of pixels (from minor eigenvector)   

%

% Example,

%   I=double(imread ('vessel.png'));

%   Ivessel=FrangiFilter2D(I);

%   figure,

%   subplot(1,2,1), imshow(I,[]);

%   subplot(1,2,2), imshow(Ivessel,[0 0.25]);

%

% Written by Marc Schrijver, 2/11/2001

% Re-Written by D.Kroon University of Twente (May 2009)



defaultoptions = struct('FrangiScaleRange', [1 10], 'FrangiScaleRatio', 2, 'FrangiBetaOne', 0.5, 'FrangiBetaTwo', 15, 'verbose',true,'BlackWhite',true);



% Process inputs

if(~exist('options','var')), 

    options=defaultoptions; 

else

    tags = fieldnames(defaultoptions);

    for i=1:length(tags)

         if(~isfield(options,tags{i})),  options.(tags{i})=defaultoptions.(tags{i}); end

    end

    if(length(tags)~=length(fieldnames(options))), 

        warning('FrangiFilter2D:unknownoption','unknown options found');

    end

end



sigmas=options.FrangiScaleRange(1):options.FrangiScaleRatio:options.FrangiScaleRange(2);

sigmas = sort(sigmas, 'ascend');



beta  = 2*options.FrangiBetaOne^2;

c     = 2*options.FrangiBetaTwo^2;



% Make matrices to store all filterd images

ALLfiltered=zeros([size(I) length(sigmas)]);

ALLangles=zeros([size(I) length(sigmas)]);



% Frangi filter for all sigmas

for i = 1:length(sigmas),

    % Show progress

    if(options.verbose)

        disp(['Current Frangi Filter Sigma: ' num2str(sigmas(i)) ]);

    end

    

    % Make 2D hessian

    [Dxx,Dxy,Dyy] = Hessian2D(I,sigmas(i));

    

    % Correct for scale

    Dxx = (sigmas(i)^2)*Dxx;

    Dxy = (sigmas(i)^2)*Dxy;

    Dyy = (sigmas(i)^2)*Dyy;

   

    % Calculate (abs sorted) eigenvalues and vectors

    [Lambda2,Lambda1,Ix,Iy]=eig2image(Dxx,Dxy,Dyy);



    % Compute the direction of the minor eigenvector

    angles = atan2(Ix,Iy);



    % Compute some similarity measures

    Lambda1(Lambda1==0) = eps;

    Rb = (Lambda2./Lambda1).^2;

    S2 = Lambda1.^2 + Lambda2.^2;

   

    % Compute the output image

    Ifiltered = exp(-Rb/beta) .*(ones(size(I))-exp(-S2/c));

    

    % see pp. 45

    if(options.BlackWhite)

        Ifiltered(Lambda1<0)=0;

    else

        Ifiltered(Lambda1>0)=0;

    end

    % store the results in 3D matrices

    ALLfiltered(:,:,i) = Ifiltered;

    ALLangles(:,:,i) = angles;

end



% Return for every pixel the value of the scale(sigma) with the maximum 

% output pixel value

if length(sigmas) > 1,

    [outIm,whatScale] = max(ALLfiltered,[],3);

    outIm = reshape(outIm,size(I));

    if(nargout>1)

        whatScale = reshape(whatScale,size(I));

    end

    if(nargout>2)

        Direction = reshape(ALLangles((1:numel(I))'+(whatScale(:)-1)*numel(I)),size(I));

    end

else

    outIm = reshape(ALLfiltered,size(I));

    if(nargout>1)

            whatScale = ones(size(I));

    end

    if(nargout>2)

        Direction = reshape(ALLangles,size(I));

    end

end






CodeFromSource/Hessian2D.m

function [Dxx,Dxy,Dyy] = Hessian2D(I,Sigma)

%  This function Hessian2 Filters the image with 2nd derivatives of a 

%  Gaussian with parameter Sigma.

% 

% [Dxx,Dxy,Dyy] = Hessian2(I,Sigma);

% 

% inputs,

%   I : The image, class preferable double or single

%   Sigma : The sigma of the gaussian kernel used

%

% outputs,

%   Dxx, Dxy, Dyy: The 2nd derivatives

%

% example,

%   I = im2double(imread('moon.tif'));

%   [Dxx,Dxy,Dyy] = Hessian2(I,2);

%   figure, imshow(Dxx,[]);

%

% Function is written by D.Kroon University of Twente (June 2009)



if nargin < 2, Sigma = 1; end



% Make kernel coordinates

[X,Y]   = ndgrid(-round(3*Sigma):round(3*Sigma));



% Build the gaussian 2nd derivatives filters

DGaussxx = 1/(2*pi*Sigma^4) * (X.^2/Sigma^2 - 1) .* exp(-(X.^2 + Y.^2)/(2*Sigma^2));

DGaussxy = 1/(2*pi*Sigma^6) * (X .* Y)           .* exp(-(X.^2 + Y.^2)/(2*Sigma^2));

DGaussyy = DGaussxx';

% DGaussxx = round(DGaussxx.*1000000)/1000000;

% DGaussxy = round(DGaussxy.*1000000)/1000000;

% DGaussyy  =round(DGaussyy.*1000000)/1000000;

% subplot(1,3,1);

% surf(DGaussxx)

% xlabel('x')

% ylabel('y')

% zlabel('z')

% 

% subplot(1,3,2);

% surf(DGaussxy)

% xlabel('x')

% ylabel('y')

% zlabel('z')

% 

% subplot(1,3,3);

% surf(DGaussyy)

% xlabel('x')

% ylabel('y')

% zlabel('z')





Dxx = imfilter(I,DGaussxx,'conv');

Dxy = imfilter(I,DGaussxy,'conv');

Dyy = imfilter(I,DGaussyy,'conv');
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cd05/Vessel-cd05IMG00002_42.tiff.mat

Points:[78x2  double array]






cd05/Vessel-cd05IMG00002_45.tiff.mat

Points:[98x2  double array]






cd05/Vessel-cd05IMG00002_47.tiff.mat

Points:[87x2  double array]






cd05/Vessel-cd05IMG00002_50.tiff.mat

Points:[86x2  double array]






cd06/Vessel-cd06IMG00005_15.tiff.mat

Points:[52x2  double array]






cd06/Vessel-cd06IMG00005_17.tiff.mat

Points:[49x2  double array]






cd06/Vessel-cd06IMG00005_19.tiff.mat

Points:[42x2  double array]






cd06/Vessel-cd06IMG00005_21.tiff.mat

Points:[44x2  double array]






cd06/Vessel-cd06IMG00005_23.tiff.mat

Points:[41x2  double array]






cd07/Vessel-cd07IMG00007_11.tiff.mat

Points:[38x2  double array]






cd07/Vessel-cd07IMG00007_12.tiff.mat

Points:[41x2  double array]






cd07/Vessel-cd07IMG00007_14.tiff.mat

Points:[47x2  double array]






cd07/Vessel-cd07IMG00007_7.tiff.mat

Points:[20x2  double array]






cd07/Vessel-cd07IMG00007_8.tiff.mat

Points:[24x2  double array]






cd07/Vessel-cd07IMG00007_9.tiff.mat

Points:[44x2  double array]






cd09/Vessel-cd09IMG00004_13.tiff.mat

Points:[65x2  double array]






cd09/Vessel-cd09IMG00004_15.tiff.mat

Points:[76x2  double array]






cd09/Vessel-cd09IMG00004_17.tiff.mat

Points:[72x2  double array]






cd09/Vessel-cd09IMG00004_19.tiff.mat

Points:[55x2  double array]






cd09/Vessel-cd09IMG00004_21.tiff.mat

Points:[57x2  double array]






cd02/Vessel-cd10IMG00004_13.tiff.mat

Points:[35x2  double array]







AKMVesselEnhancmentMethod.m

clear all

close all

clc

%%%%%%% IMAGE PATH MUST BE FILLED OUT

%%%%%%% IMAGE PATH MUST BE FILLED OUT

%%%%%%% IMAGE PATH MUST BE FILLED OUT

PathMain = 'C:\Users\AlexanderKvale\Desktop\Starting Material\TIFF\';

%%  Naminconvention of images are

% C:\Users\AlexanderKvale\Desktop\Starting

% Material\TIFF\Patient-001^001\Study__XA_CardAngio[]\Series_1\IMG00000_Frame1.tiff

%

%%

mkdir ResultWater

mkdir ResultIniSeg

mkdir ResultBin

mkdir Result



addpath('CodeWrittenForSubject')

addpath('CodeFromSource')





%% Proposed method variables

%        1    2    3    4    5    6    7

Po =    [1    2    4    5    6    7     9    ];

SO =    [5    4    2    2    5    7     4    ];

Nois1 = [0.01 0.01 0.02 0.02 0.01 0.005 0.01 ];

Nois2 = [0.02 0.02 0.05 0.04 0.05 0.01  0.02 ];

Nois3 = [0.05 0.05 0.10 0.08 0.10 0.02  0.04 ];

sptes = [0.25 0.25 0.40 0.25 0.05 0.05  0.70 ];

smott = [0    0    1    1    2    1     1    ];

mtres = [5.5  5.5  5.5  4.5  4.5  6.5   6.5  ];

SuperJumpDist = 3;





%% Watershedimage

WaterBinTest = 0.01 :0.02: 0.15;

WaterTresholdImageFinalSeg = 6;



%% Active conture

activecontourBias = -0.3;



%%

% Po =    [1    1    1    1    1    1     1    ];

% SO =    [1    2    3    4    5    6     7    ];

% Nois1 = [0.01 0.01 0.01 0.01 0.01 0.01  0.01 ];

% Nois2 = [0.02 0.02 0.02 0.02 0.02 0.02  0.02 ];

% Nois3 = [0.05 0.05 0.05 0.05 0.05 0.05  0.05 ];

% sptes = [0.25 0.25 0.25 0.25 0.25 0.25  0.25 ];

% smott = [1    1    1    1    1    1     1    ];

% mtres = [5.5  5.5  5.5  4.5  4.5  6.5   6.5  ];





for runAll = 1: length(Po)

    %for runAll = 1

    Bin1NoiseTresh =              Nois1(runAll);

    Bin2NoiseTresh =              Nois2(runAll);

    Bin3NoiseTresh =              Nois3(runAll);

    gaussing =                    smott(runAll);

    masktresh =                   mtres(runAll);

    SuperPixelOccupacyTreshold  = sptes(runAll);

    SuperJumpDist = 2;

    

    disp(['ImageSequenze number ' num2str(runAll) ' of  ' num2str(length(Po))]);

    

    

    NumPatient=Po(runAll);

    NumSession  =SO(runAll);

    

    %%

    %% Image Fecthing

    %%

    disp('Fetching Original Images');

    [ImgSqIorg,NumImg] = AKMfuncGetPatientImages(PathMain,NumPatient, NumSession) ;

    [AnnaBackground,AnnoVessels,AnnoFrames] = AKMfuncGetAnnotation(NumPatient, NumSession) ;

    

    %% Homomorphic Filtering

    % Remove Uneven Illiumination

    OptionsHomo.Sigma = 25;

    OptionsHomo.CenterValue = 0.5;

    disp('Performs homomorphic processing and centers them');

    [ImgSqHomoImage, ImgSqHomoImageCentered]=AKMfuncHomomorphicCentering(ImgSqIorg,OptionsHomo);

    

    %% Find and subtract median

    % Remove Static noise

    PicMedianOfHomomorphicImage = median(ImgSqHomoImageCentered,3);

    ImgSqHomoImageCenteredMinusMedian = ImgSqHomoImageCentered-PicMedianOfHomomorphicImage+OptionsHomo.CenterValue;

    

    %imshow([ImgSqIorg(:,:,20) ImgSqHomoImageCentered(:,:,20) ImgSqHomoImageCenteredMinusMedian(:,:,20)])

    

    

    %% Find static and dynamic areas in image sequenze

    

    GaussFilter = fspecial('gaussian', 11,2.0);

    GaussFilter = GaussFilter./mean(mean(GaussFilter));

    OptionsIntermediate.FilterDesgin = GaussFilter;

    OptionsIntermediate.Edgelevel = masktresh;

    OptionsIntermediate.IlluminationPct = 0.8;

    OptionsIntermediate.MeanAdjustmentFilter = 1/size(GaussFilter,1);

    disp('Performs intermediatechange procssssing');

    [DynStaticMask, ImgSqBinTran,ImgSqTrans,ImgSqSummedImg]= ...

        AKMfuncIntermediateProcessing(ImgSqHomoImageCenteredMinusMedian,OptionsIntermediate);

    

    % Image no 5 requres manual attetion to avoid realy unforutnate seedpoint

    if runAll == 5

        DynStaticMask(1:100,320:520) = 0;

    end

    

    RGB = insertText(DynStaticMask,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Rough mask']);

    imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Rough mask.tiff' ]);

    

    %% perform binarizations

    %

    disp('Performs Binarizations images');

    if gaussing >0

        for filt = 1:1

            GaussFilter = fspecial('gaussian', 3,0.5);

            ImgSqHomoImageCenteredMinusMedian = imfilter(ImgSqHomoImageCenteredMinusMedian,GaussFilter,'replicate');

        end

    end

    

    [ImsqBin1] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, Bin1NoiseTresh ,0.01, 0.001);

    [ImsqBin2] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, Bin2NoiseTresh ,0.01, 0.001);

    [ImsqBin3] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, Bin3NoiseTresh ,0.01, 0.001);

    

    disp('Writing Binarizations images');

    for  FineSegItr = 2 : size(ImgSqIorg,3)-1

        TMPimg=  1-ImsqBin1(:,:,FineSegItr);

        RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'NoiseTresh ' num2str(Bin1NoiseTresh)], 'FontSize',18 );

        imwrite(RGB,['ResultBin\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'OutsideNoiseLevelset to ' num2str(Bin1NoiseTresh) '.tiff' ]);

        TMPimg=  1-ImsqBin2(:,:,FineSegItr);

        RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'NoiseTresh ' num2str(Bin2NoiseTresh)], 'FontSize',18 );

        imwrite(RGB,['ResultBin\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'OutsideNoiseLevelset to ' num2str(Bin2NoiseTresh) '.tiff' ]);

        TMPimg=  1-ImsqBin3(:,:,FineSegItr);

        RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'NoiseTresh ' num2str(Bin3NoiseTresh)], 'FontSize',18 );

        imwrite(RGB,['ResultBin\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'OutsideNoiseLevelset to ' num2str(Bin3NoiseTresh) '.tiff' ]);

    end

    

    

    

    

    

    %%  Segmentation

    %  Superpixel

    OptionsSuperPixels.PixeleNumbers = size(ImgSqIorg,1) +size(ImgSqIorg,2);

    OptionsSuperPixels.Itterations = 20;   %default 10, See superpixle help

    OptionsSuperPixels.Shape = 2;         %default 10 , See superpixle help

    

    disp('Performs inital superpixel procssssing');

    [ImgSqSuperPixles, NumSuperpixles,ImgSqBoundaryMask]= ...

        AKMfuncSuperpixleCreate(ImgSqHomoImageCenteredMinusMedian,OptionsSuperPixels);

    

    %%  Coaurse segemantaion

    

    disp('Performs caorse segemantaion');

    CoarsesegemagationOfLargeBody = zeros(size(ImgSqHomoImage));

    MeanOfSegBody = zeros(size(ImgSqHomoImage,3),3);

    SuperBinImgSq =zeros(size(ImgSqIorg));

    for CourseSegItr = 2:size(ImgSqHomoImage,3) -1

        IniSeg=zeros(size(ImgSqHomoImage,1),size(ImgSqHomoImage,2));

        SuperPixImg  =  ImgSqSuperPixles(:,:,CourseSegItr);

        binimg =  ImsqBin1(:,:,CourseSegItr);

        idx = label2idx(SuperPixImg);

        for labelVal = 1:NumSuperpixles(CourseSegItr)

            redIdx = idx{labelVal};

            pct = sum(binimg(redIdx))/length(redIdx);

            if pct>SuperPixelOccupacyTreshold

                IniSeg(redIdx) = 1;

            else

                IniSeg(redIdx) = 0;

            end

        end

        

        SuperBinImg = imbinarize(IniSeg);

        SuperBinImgSq(:,:,CourseSegItr) = SuperBinImg;

        

        PosPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        NegPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        SmallPixel = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        

        %%%% Border Mask creation

        Bordermask = ones(size(ImgSqIorg,1),size(ImgSqIorg,2));

        Bordermask(2:end-1,2:end-1) = 0;

        Bordermask= Bordermask.*DynStaticMask;

        

        %%%% Expand Border Mask creation

        Superpixelborder= aFuncSuperPixleEdge2(SuperPixImg,3,DynStaticMask,Bordermask);

        Superpixelborderbin = Superpixelborder;

        Superpixelborderbin(Superpixelborderbin>1) =1 ;

        

        

        

        TMPimg = imoverlay(DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,CourseSegItr),Superpixelborderbin,'blue');

        TMPimg = imoverlay(TMPimg, Bordermask|boundarymask(Bordermask),'green');

        TMPimg = imoverlay(TMPimg, ImgSqBoundaryMask(:,:,CourseSegItr),'white');

        % imshow([TMPimg])

        

        

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        initalborders = SuperBinImg&Superpixelborder;

        BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(BlopAnalysator, initalborders);

        AreaIndex = label2idx(Arealabel)  ;

        BiggerthanOneSuper  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            borderpix = unique(SuperPixImg(PixleIDX));

            if length(borderpix)>2

                BiggerthanOneSuper(PixleIDX)=1;

            end

        end

        if mean(mean(BiggerthanOneSuper))== 0

            BiggerthanOneSuper = initalborders;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(BlopAnalysator, SuperBinImg);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = BiggerthanOneSuper+SuperBinImg;

        Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                Biggerthanself(PixleIDX)=1;

            end

            

        end

        

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Grow to find neighbors

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        SuperpixelGrowing = 1;

        growingshow = 1;

        growschiem =  zeros(size(ImgSqIorg));

        while SuperpixelGrowing == 1

            initialSeg = Biggerthanself;

            growschiem(:,:,growingshow) = initialSeg;

            growingshow = growingshow+1;

            Boadergrow= aFuncSuperPixleEdge2(SuperPixImg,SuperJumpDist+1,DynStaticMask,initialSeg);

            

            BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

                'CentroidOutputPort', false,...

                'LabelMatrixOutputPort',true, ...

                'BoundingBoxOutputPort', false,...

                'ExcludeBorderBlobs', false);

            [areasAll, Arealabel] = step(BlopAnalysator, SuperBinImg);

            AreaIndex = label2idx(Arealabel)  ;

            overlap  = Boadergrow+SuperBinImg;

            Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

            for b = 1:length(AreaIndex)

                PixleIDX = AreaIndex{b};

                if mean(overlap(PixleIDX))>1

                    Biggerthanself(PixleIDX)=1;

                end

            end

            if Biggerthanself == initialSeg

                SuperpixelGrowing = 0;

            else

                SuperpixelGrowing = 1;

            end

        end

        

        CoarsesegemagationOfLargeBody(:,:,CourseSegItr) = Biggerthanself;

        MeanOfSegBody(CourseSegItr) = sum(sum(CoarsesegemagationOfLargeBody(:,:,CourseSegItr)));

        if CourseSegItr>4

            testvar  =MeanOfSegBody(CourseSegItr-2)-  2*MeanOfSegBody(CourseSegItr-1) + MeanOfSegBody(CourseSegItr);

            if testvar>0.029

                autoinclude = SuperBinImgSq(:,:,CourseSegItr-2)+ SuperBinImgSq(:,:,CourseSegItr-1) + SuperBinImgSq(:,:,CourseSegItr);

                autoinclude(autoinclude~=3) = 0;

                autoinclude(autoinclude==3)=  1;

                autoinclude = autoinclude.*(CoarsesegemagationOfLargeBody(:,:,CourseSegItr-2)|CoarsesegemagationOfLargeBody(:,:,CourseSegItr));

                

                BlopAnalysator = vision.BlobAnalysis('AreaOutputPort', true,...

                    'CentroidOutputPort', false,...

                    'LabelMatrixOutputPort',true, ...

                    'BoundingBoxOutputPort', false,...

                    'ExcludeBorderBlobs', false);

                [areasAll, Arealabel] = step(BlopAnalysator, imbinarize(SuperBinImgSq(:,:,CourseSegItr-1)));

                AreaIndex = label2idx(Arealabel)  ;

                overlap  = autoinclude+SuperBinImgSq(:,:,CourseSegItr-1);

                Correction  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

                for b = 1:length(AreaIndex)

                    PixleIDX = AreaIndex{b};

                    if mean(overlap(PixleIDX))>1

                        Correction(PixleIDX)=1;

                    end

                end

                CoarsesegemagationOfLargeBody(:,:,CourseSegItr-1) = Correction;

                MeanOfSegBody(CourseSegItr-1) = sum(sum(Correction));

            end

        end

        

        

        TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,CourseSegItr),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)),'blue');

        for printer = 2:growingshow-1

            colour = [rand(1),rand(1) ,rand(1)];

            TMPimg = insertText(TMPimg,[50 160-printer*20],['itteration ' num2str(growingshow-printer)],'TextColor',colour.*255,'BoxColor','w','BoxOpacity',1 );

            TMPimg = imoverlay(TMPimg,growschiem(:,:,growingshow-printer),colour );

        end

        % imshow(TMPimg)

        

        

        

    end

    

    %% Fine Segmentation

    disp('Performs Fine segemantaion');

    FinalSegmentation  = zeros(size(ImgSqHomoImage));

    MeanOfFinalSegSegBody = zeros(size(ImgSqHomoImage,3),1);

    

    for  FineSegItr = 2 : size(ImgSqIorg,3)-1

        RGB = insertText(1-CoarsesegemagationOfLargeBody(:,:,FineSegItr),[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'Superpixelsegmantion'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg1Ini.tiff' ]);

        

        se = strel('disk',5);

        BW2 = imdilate(CoarsesegemagationOfLargeBody(:,:,FineSegItr),se);

        se = strel('disk',3);

        BW3 = imdilate(ImsqBin1(:,:,FineSegItr),se);

        TotalDilated =  BW2|BW3;

        

        TotalDilated = bwareaopen(TotalDilated, 500);

        [areasAll, Arealabel] = step(BlopAnalysator, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,FineSegItr)+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            mean(overlap(PixleIDX));

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        

        RGB = insertText(1-(SegmentationIteration2&ImsqBin2(:,:,FineSegItr)),[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'MidSegmentation'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg2Mid.tiff' ]);

        se = strel('disk',5);

        BW2 = imdilate(SegmentationIteration2&ImsqBin2(:,:,FineSegItr),se);

        se = strel('disk',3);

        BW3 = imdilate(ImsqBin2(:,:,FineSegItr),se);

        TotalDilated =  BW2|BW3;

        TotalDilated = bwareaopen(TotalDilated, 500);

        

        

        [areasAll, Arealabel] = step(BlopAnalysator, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,FineSegItr)+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            mean(overlap(PixleIDX));

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        SegmentationIteration3 = bwareaopen(SegmentationIteration2&ImsqBin3(:,:,FineSegItr), 25);

        se = strel('disk',5);

        BW2 = imdilate(SegmentationIteration3&ImsqBin3(:,:,FineSegItr),se);

        TotalDilated =  BW2|ImsqBin3(:,:,FineSegItr);

        %  imshow(TotalDilated)

        

        TotalDilated = bwareaopen(TotalDilated, 500);

        %   imshow(TotalDilated)

        [areasAll, Arealabel] = step(BlopAnalysator, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,FineSegItr)+TotalDilated;

        SegmentationIteration3  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            mean(overlap(PixleIDX));

            if mean(overlap(PixleIDX))>1

                SegmentationIteration3(PixleIDX)=1;

            end

        end

        

        SegmentationIteration3 = bwareaopen(SegmentationIteration3&ImsqBin3(:,:,FineSegItr), 25);

        FinalSegmentation(:,:,FineSegItr) =SegmentationIteration3;

        MeanOfFinalSegSegBody(FineSegItr) = sum(sum(FinalSegmentation(:,:,FineSegItr)));

        

        RGB = insertText(1-SegmentationIteration3,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'FinalSegmentation'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg3Fin.tiff' ]);

        RGB = insertText(ImgSqHomoImageCenteredMinusMedian(:,:,FineSegItr),[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(FineSegItr) 'Homomorphic image'] );

        imwrite(RGB,['ResultIniSeg\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(FineSegItr) 'Seg4HomoImage.tiff' ]);

        

    end

    plot(MeanOfSegBody); hold on

    plot(MeanOfFinalSegSegBody)

    saveas(gcf,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'SemenationPct.tiff' ]);

    hold off

    

    

    disp('Performs grading');

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        AnnoTrueBackground = zeros(length(AnnoFrames),1);

        AnnoFalseBackground = zeros(length(AnnoFrames),1);

        AnnoTrueVessel  = zeros(length(AnnoFrames),1);

        AnnoFalseVessel =  zeros(length(AnnoFrames),1);

        

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~FinalSegmentation(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+FinalSegmentation(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),FinalSegmentation(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            % imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Vessels correcly noted ' num2str(AnnoTrueVessel(AnnoationImg)) ' Background correcly noted ' num2str(AnnoTrueBackground(AnnoationImg))] );

            

            imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

            GradeFinalSeg{runAll,1} = AnnoTrueVessel;

            GradeFinalSeg{runAll,2} = AnnoTrueBackground;

        end

        

    end

    

    %% Activecontour  chanvese

    

    ActiveImg = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),size(ImgSqIorg,3));

    for d = 2 : size(ImgSqIorg,3)-1

        meanImg = 1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,d),0.5);

        ActiveImg(:,:,d) = meanImg&activecontour(ImgSqHomoImageCenteredMinusMedian(:,:,d),FinalSegmentation(:,:,d), 'Chan-Vese','ContractionBias',activecontourBias);

    end

    

    disp('Performs grading active conture');

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        AnnoTrueBackground = zeros(length(AnnoFrames),1);

        AnnoFalseBackground = zeros(length(AnnoFrames),1);

        AnnoTrueVessel  = zeros(length(AnnoFrames),1);

        AnnoFalseVessel =  zeros(length(AnnoFrames),1);

        

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~ActiveImg(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+ActiveImg(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),ActiveImg(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            % imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Vessels correcly noted ' num2str(AnnoTrueVessel(AnnoationImg)) ' Background correcly noted ' num2str(AnnoTrueBackground(AnnoationImg))] );

            

            imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) 'Activeconture.tiff' ]);

            GradeConture{runAll,1} = AnnoTrueVessel;

            GradeConture{runAll,2} = AnnoTrueBackground;

        end

        

    end

    

    

    

    %% WaterShed

    disp('Performs watershed bin img');

    WaterTest = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),size(ImgSqIorg,3));

    %%

    for wt = 1: length(WaterBinTest)

        

        WaterTestBin = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, DynStaticMask, WaterBinTest(wt) ,0.01, 0.01);

        se = strel('disk',1);

        WaterTestBin = imdilate(WaterTestBin,se);

        WaterTestBin = bwareaopen(WaterTestBin, 20);

        WaterTest = WaterTest+WaterTestBin;

      %  imshow(WaterTest(:,:,wt)./wt);

        

    end

    

    disp('Performs watershed');

    watera =  zeros(size(ImgSqIorg));

    for hhh = 2:size(ImgSqIorg,3)-1

        

        bw =~(WaterTest(:,:,hhh))>0;

        D = (WaterTest(:,:,hhh));

        D = -D;

        D(~bw) = -Inf;

        L = watershed(D);

        rgb = label2rgb(L,'jet',[.5 .5 .5]);

   %     imshow(rgb)

        I = rgb2gray(rgb);

  %      imshow(I)

        Id = cast(I,'double').*FinalSegmentation(:,:,hhh);

        

        greatest = Id.*ImsqBin1(:,:,hhh);

        WaterBin = ismember(I,unique(nonzeros(greatest)));

  %      imshow(WaterBin);

        

        TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,hhh),bwareaopen(WaterBin.*(WaterTest(:,:,hhh)>WaterTresholdImageFinalSeg),100),'blue');

        watera(:,:,hhh) = bwareaopen(WaterBin.*(WaterTest(:,:,hhh)>6),100);

 %       imshow((TMPimg))

    end

    

    disp('Performs grading watershed');

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        AnnoTrueBackground = zeros(length(AnnoFrames),1);

        AnnoFalseBackground = zeros(length(AnnoFrames),1);

        AnnoTrueVessel  = zeros(length(AnnoFrames),1);

        AnnoFalseVessel =  zeros(length(AnnoFrames),1);

        

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~watera(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+watera(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),watera(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            % imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            RGB = insertText(TMPimg,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Vessels correcly noted ' num2str(AnnoTrueVessel(AnnoationImg)) ' Background correcly noted ' num2str(AnnoTrueBackground(AnnoationImg))] );

            

            imwrite(RGB,['Result\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) 'WaterShedding.tiff' ]);

            GradeWater{runAll,1} = AnnoTrueVessel;

            GradeWater{runAll,2} = AnnoTrueBackground;

        end

        

    end

    

end









%% Bleow are plot fuctions used to produce images

%     numtresh = 15;

%     for hoho = 1 : size(ImgSqIorg,3)-1

%         thresh = multithresh(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),numtresh);

%         mtresh(:,hoho) =  multithresh(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),numtresh);

%         for hohoNo = 1 :numtresh

%             Multitresh(hoho,hohoNo) =  sum(sum(~DynStaticMask&~imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,hoho),thresh(hohoNo))))./sum(sum(~DynStaticMask));

%         end

%

%         adatresh1 = min(min(ImsqBin1.*~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,hoho)));

%         mytresh(hoho,1) = sum(sum(~DynStaticMask&~imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),adatresh1(hoho))))./sum(sum(~DynStaticMask));

%         adatresh2   = min(min(ImsqBin2.*~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,hoho)));

%         mytresh(hoho,2) = sum(sum(~DynStaticMask&~imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),adatresh2(hoho))))./sum(sum(~DynStaticMask));

%         adatresh3 = min(min(ImsqBin3.*~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,hoho)));

%         mytresh(hoho,3) = sum(sum(~DynStaticMask&~imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,hoho),adatresh3(hoho))))./sum(sum(~DynStaticMask));

%     end

%     plot(Multitresh(:,10:12)); hold on

%     plot(mytresh)

%

%     plot(squeeze(adatresh1)); hold on

%     plot(squeeze(adatresh2))

%     plot(squeeze(adatresh3))

%     plot(mtresh(10:12,:)')

%



% %% Test tophat

% se = strel('disk',24);

% se12 = strel('disk',12);

%  for  toptest = 1 : size(ImgSqIorg,3)-1

%     tophatFiltered5(:,:,toptest) = imtophat(1-ImgSqIorg(:,:,toptest),se);

%     tophatFiltered12(:,:,toptest) = imtophat(1-ImgSqIorg(:,:,toptest),se12);

%  end

%  for  toptest = 1 : size(ImgSqIorg,3)-1

%       imshow([tophatFiltered5(:,:,toptest)  tophatFiltered12(:,:,toptest)])

%  end

%  tophatFiltered5medsub = tophatFiltered5-median(tophatFiltered5,3);

%  tophatFiltered12medsub = tophatFiltered5-median(tophatFiltered12,3);



%  RGB = insertText([0.5-tophatFiltered5(:,:,toptest) 0.5-tophatFiltered12(:,:,toptest)] ,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' disk size 36 & 12'], 'FontSize',24 );

%  imwrite(RGB,['Resul222t\PatientNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

%  RGB = insertText([    0.5-(tophatFiltered5medsub(:,:,toptest)) 0.5-(tophatFiltered12medsub(:,:,toptest))  ] ,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' disk size 36 & 12 median subtracted'], 'FontSize',24 );

%  imwrite(RGB,['Resul222t\Patie44ntNo' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

%  RGB = insertText([  ImgSqIorg(:,:,toptest) ImgSqHomoImageCenteredMinusMedian(:,:,toptest) ] ,[0 0],['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Frame ' num2str(bilde) ' Iorg & homomorphic subtracted median'], 'FontSize',24 );

%  imwrite(RGB,['Resul222t\Patie445n5No' num2str(NumPatient) 'SessionNo' num2str(NumSession)  'Frame' num2str(bilde) '.tiff' ]);

%

%  for  toptest = 1 : size(ImgSqIorg,3)-1

%     imshow([(tophatFiltered5(:,:,toptest)) (tophatFiltered12(:,:,toptest))     ;

%             0.5-(tophatFiltered5medsub(:,:,toptest)) 0.5-(tophatFiltered12medsub(:,:,toptest))

%             ImgSqIorg(:,:,toptest) (ImgSqHomoImageCenteredMinusMedian(:,:,toptest).*4)-1.5])

%     pause(0.5)

%  end

% %% Test å rpinter

% for test222 = 1:50

%     gjennomnittt(test222) = mean(mean(ImgSqHomoImageCentered(:,:,test222)));

%     gjennomnittt2(test222) = mean(mean(ImgSqHomoImageCenteredMinusMedian(:,:,test222)));

% end

% plot(gjennomnittt); hold on

% plot(gjennomnittt2); hold off

% edges = [0.4 :0.005: 0.6];

% testFrame= 45;

% %     histogram(~DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,testbilde),edges); hold on

% %     histogram(DynStaticMask.*ImgSqHomoImageCenteredMinusMedian(:,:,testbilde),edges); hold on

% %     title(['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Dyn vs Static ' ' Frame No ' num2str(testbilde)])

% histogram(nonzeros(FinalSegmentation(:,:,testFrame).*ImgSqHomoImageCenteredMinusMedian(:,:,testFrame)),edges); hold on

% histogram(nonzeros(DynStaticMask.*~FinalSegmentation(:,:,testFrame).*ImgSqHomoImageCenteredMinusMedian(:,:,testFrame)),edges)

% title(['Patient No ' num2str(NumPatient) ' Session No ' num2str(NumSession)  ' Dyn segmentation' ' Frame No ' num2str(testFrame)])

% itr = 0;

% for testFrame = 5 : 5 : 40

%     itr  =itr+1;

%     histogram(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame))

%     testbile = imfilter(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),GaussFilter, 'same');

%     testbile = imfilter(testbile,GaussFilter, 'same');

%     %   histogram(testbile)

%     %  imshow(testbile)

%     thresh2 = multithresh(testbile,5)

%     %  imshow([]);

%

%     testbile = imfilter(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),GaussFilter, 'circular');

%     testbile = imfilter(testbile,GaussFilter, 'circular');

%     %  histogram(testbile)

%     %imshow(testbile)

%     thresh = multithresh(testbile,5)

%     gg(:,:,itr)  = [1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),thresh2(4)) 1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,testFrame),thresh(2)) ImsqBin1(:,:,testFrame)];

% end

% imshow([gg(:,:,1); gg(:,:,2) ; gg(:,:,3); gg(:,:,4); gg(:,:,5); gg(:,:,6); gg(:,:,7); gg(:,:,8) ])

%
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CodeFromSource/AKMfuncHomomorphicCentering.m

function [HomoImage, HomoImageCentered]=AKMfuncHomomorphicCentering(ImgIn,optionas)





Sigma  = optionas.Sigma;

Center = optionas.CenterValue;



HomoImage = zeros(size(ImgIn));

HomoImageCentered = zeros(size(ImgIn));

for i=1:size(ImgIn,3)

    TestSubjectIMG = ImgIn(:,:,i);

    %%%%%%%%%%%%%%%%%%%%%%%%%

    % Perfrm morpogloical filtering to get equal illumination

    %

    % Taken from block  need reference

    %%%%%%%%%%%%%%%%%%%%%%%%%

    I = TestSubjectIMG;

    I = log(1 + I);

    if i == 1

        M = 2*size(I,1) + 1;

        N = 2*size(I,2) + 1;

        [X, Y] = meshgrid(1:N,1:M);

        centerX = ceil(N/2);

        centerY = ceil(M/2);

        gaussianNumerator = (X - centerX).^2 + (Y - centerY).^2;

        H = exp(-gaussianNumerator./(2*Sigma.^2));

        H = 1 - H;

        H = fftshift(H);

        

    end

    paddedI = padarray(I,ceil(size(I)/2)+1,'replicate');

    paddedI = paddedI(1:end-1,1:end-1);

    If = fft2(paddedI);

    Iout = real(ifft2(H.*If));

    Iout = Iout(ceil(M/2)-size(I,1)/2+1:ceil(M/2)+size(I,1)/2, ceil(N/2)-size(I,2)/2+1:ceil(N/2)+size(I,2)/2);

    Ihmf = exp(Iout) - 1;

    LowestValue= min(min(Ihmf));

    EqualIlluminationPic = Ihmf -LowestValue;

    HomoImage(:,:,i) = EqualIlluminationPic;

    

    %Centers the images around same value for easier comaparison

    TempAverageOfImg = mean(mean(HomoImage(:,:,i)));

    HomoImageCentered(:,:,i)= (HomoImage(:,:,i)-TempAverageOfImg+Center);



end






CodeFromSource/eig2image.m

function [Lambda1,Lambda2,Ix,Iy]=eig2image(Dxx,Dxy,Dyy)

% This function eig2image calculates the eigen values from the

% hessian matrix, sorted by abs value. And gives the direction

% of the ridge (eigenvector smallest eigenvalue) .

% 

% [Lambda1,Lambda2,Ix,Iy]=eig2image(Dxx,Dxy,Dyy)

%



%

% | Dxx  Dxy |

% |          |

% | Dxy  Dyy |





% Compute the eigenvectors of J, v1 and v2

tmp = sqrt((Dxx - Dyy).^2 + 4*Dxy.^2);

v2x = 2*Dxy; v2y = Dyy - Dxx + tmp;



% Normalize

mag = sqrt(v2x.^2 + v2y.^2); i = (mag ~= 0);

v2x(i) = v2x(i)./mag(i);

v2y(i) = v2y(i)./mag(i);



% The eigenvectors are orthogonal

v1x = -v2y; 

v1y = v2x;



% Compute the eigenvalues

mu1 = 0.5*(Dxx + Dyy + tmp);

mu2 = 0.5*(Dxx + Dyy - tmp);



% Sort eigen values by absolute value abs(Lambda1)<abs(Lambda2)

check=abs(mu1)>abs(mu2);



Lambda1=mu1; 

Lambda1(check)=mu2(check);

Lambda2=mu2; 

Lambda2(check)=mu1(check);



Ix=v1x; Ix(check)=v2x(check);

Iy=v1y; Iy(check)=v2y(check);












CodeFromSource/FrangiFilter2D.m

function [outIm,whatScale,Direction] = FrangiFilter2D(I, options)

% This function FRANGIFILTER2D uses the eigenvectors of the Hessian to

% compute the likeliness of an image region to vessels, according

% to the method described by Frangi:2001 (Chapter 2).

%

% [J,Scale,Direction] = FrangiFilter2D(I, Options)

%

% inputs,

%   I : The input image (vessel image)

%   Options : Struct with input options,

%       .FrangiScaleRange : The range of sigmas used, default [1 8]

%       .FrangiScaleRatio : Step size between sigmas, default 2

%       .FrangiBetaOne : Frangi correction constant, default 0.5

%       .FrangiBetaTwo : Frangi correction constant, default 15

%       .BlackWhite : Detect black ridges (default) set to true, for

%                       white ridges set to false.

%       .verbose : Show debug information, default true

%

% outputs,

%   J : The vessel enhanced image (pixel is the maximum found in all scales)

%   Scale : Matrix with the scales on which the maximum intensity 

%           of every pixel is found

%   Direction : Matrix with directions (angles) of pixels (from minor eigenvector)   

%

% Example,

%   I=double(imread ('vessel.png'));

%   Ivessel=FrangiFilter2D(I);

%   figure,

%   subplot(1,2,1), imshow(I,[]);

%   subplot(1,2,2), imshow(Ivessel,[0 0.25]);

%

% Written by Marc Schrijver, 2/11/2001

% Re-Written by D.Kroon University of Twente (May 2009)



defaultoptions = struct('FrangiScaleRange', [1 10], 'FrangiScaleRatio', 2, 'FrangiBetaOne', 0.5, 'FrangiBetaTwo', 15, 'verbose',true,'BlackWhite',true);



% Process inputs

if(~exist('options','var')), 

    options=defaultoptions; 

else

    tags = fieldnames(defaultoptions);

    for i=1:length(tags)

         if(~isfield(options,tags{i})),  options.(tags{i})=defaultoptions.(tags{i}); end

    end

    if(length(tags)~=length(fieldnames(options))), 

        warning('FrangiFilter2D:unknownoption','unknown options found');

    end

end



sigmas=options.FrangiScaleRange(1):options.FrangiScaleRatio:options.FrangiScaleRange(2);

sigmas = sort(sigmas, 'ascend');



beta  = 2*options.FrangiBetaOne^2;

c     = 2*options.FrangiBetaTwo^2;



% Make matrices to store all filterd images

ALLfiltered=zeros([size(I) length(sigmas)]);

ALLangles=zeros([size(I) length(sigmas)]);



% Frangi filter for all sigmas

for i = 1:length(sigmas),

    % Show progress

    if(options.verbose)

        disp(['Current Frangi Filter Sigma: ' num2str(sigmas(i)) ]);

    end

    

    % Make 2D hessian

    [Dxx,Dxy,Dyy] = Hessian2D(I,sigmas(i));

    

    % Correct for scale

    Dxx = (sigmas(i)^2)*Dxx;

    Dxy = (sigmas(i)^2)*Dxy;

    Dyy = (sigmas(i)^2)*Dyy;

   

    % Calculate (abs sorted) eigenvalues and vectors

    [Lambda2,Lambda1,Ix,Iy]=eig2image(Dxx,Dxy,Dyy);



    % Compute the direction of the minor eigenvector

    angles = atan2(Ix,Iy);



    % Compute some similarity measures

    Lambda1(Lambda1==0) = eps;

    Rb = (Lambda2./Lambda1).^2;

    S2 = Lambda1.^2 + Lambda2.^2;

   

    % Compute the output image

    Ifiltered = exp(-Rb/beta) .*(ones(size(I))-exp(-S2/c));

    

    % see pp. 45

    if(options.BlackWhite)

        Ifiltered(Lambda1<0)=0;

    else

        Ifiltered(Lambda1>0)=0;

    end

    % store the results in 3D matrices

    ALLfiltered(:,:,i) = Ifiltered;

    ALLangles(:,:,i) = angles;

end



% Return for every pixel the value of the scale(sigma) with the maximum 

% output pixel value

if length(sigmas) > 1,

    [outIm,whatScale] = max(ALLfiltered,[],3);

    outIm = reshape(outIm,size(I));

    if(nargout>1)

        whatScale = reshape(whatScale,size(I));

    end

    if(nargout>2)

        Direction = reshape(ALLangles((1:numel(I))'+(whatScale(:)-1)*numel(I)),size(I));

    end

else

    outIm = reshape(ALLfiltered,size(I));

    if(nargout>1)

            whatScale = ones(size(I));

    end

    if(nargout>2)

        Direction = reshape(ALLangles,size(I));

    end

end






CodeFromSource/Hessian2D.m

function [Dxx,Dxy,Dyy] = Hessian2D(I,Sigma)

%  This function Hessian2 Filters the image with 2nd derivatives of a 

%  Gaussian with parameter Sigma.

% 

% [Dxx,Dxy,Dyy] = Hessian2(I,Sigma);

% 

% inputs,

%   I : The image, class preferable double or single

%   Sigma : The sigma of the gaussian kernel used

%

% outputs,

%   Dxx, Dxy, Dyy: The 2nd derivatives

%

% example,

%   I = im2double(imread('moon.tif'));

%   [Dxx,Dxy,Dyy] = Hessian2(I,2);

%   figure, imshow(Dxx,[]);

%

% Function is written by D.Kroon University of Twente (June 2009)



if nargin < 2, Sigma = 1; end



% Make kernel coordinates

[X,Y]   = ndgrid(-round(3*Sigma):round(3*Sigma));



% Build the gaussian 2nd derivatives filters

DGaussxx = 1/(2*pi*Sigma^4) * (X.^2/Sigma^2 - 1) .* exp(-(X.^2 + Y.^2)/(2*Sigma^2));

DGaussxy = 1/(2*pi*Sigma^6) * (X .* Y)           .* exp(-(X.^2 + Y.^2)/(2*Sigma^2));

DGaussyy = DGaussxx';

% DGaussxx = round(DGaussxx.*1000000)/1000000;

% DGaussxy = round(DGaussxy.*1000000)/1000000;

% DGaussyy  =round(DGaussyy.*1000000)/1000000;

% subplot(1,3,1);

% surf(DGaussxx)

% xlabel('x')

% ylabel('y')

% zlabel('z')

% 

% subplot(1,3,2);

% surf(DGaussxy)

% xlabel('x')

% ylabel('y')

% zlabel('z')

% 

% subplot(1,3,3);

% surf(DGaussyy)

% xlabel('x')

% ylabel('y')

% zlabel('z')





Dxx = imfilter(I,DGaussxx,'conv');

Dxy = imfilter(I,DGaussxy,'conv');

Dyy = imfilter(I,DGaussyy,'conv');






CodeFromSource/LoactionAndFilestakenfrom.txt

Frangifiltering taken from 

https://se.mathworks.com/matlabcentral/fileexchange/24409-hessian-based-frangi-vesselness-filter

functions:

eig2image 

FrangiFilter2D

Hessian2D 





Homomorphic filtering taken from

https://blogs.mathworks.com/steve/2013/06/25/homomorphic-filtering-part-1/

http://blogs.mathworks.com/steve/2013/07/10/homomorphic-filtering-part-2/



functions:

AKMfuncHomomohpicCentering 






CodeWrittenForSubject/aFuncBinariasation.m

function [ ImsqBin ] = aFuncBinariasation(Imsequenze, RoughMask, SNR ,P, Tolerance)

startVar = 0.5;



for proving =   1 : size(Imsequenze,3)

    adaptres = SNR+1;

    while ((adaptres>SNR+Tolerance)||(adaptres<SNR-Tolerance))

        ImsqBin(:,:,proving) =1-imbinarize(Imsequenze(:,:,proving),startVar);

        adaptres =  sum(sum(~RoughMask&ImsqBin(:,:,proving)))/sum(sum(~RoughMask));

        SNRcalc =(SNR-adaptres);

        startVar = startVar + SNRcalc*P;

    end

end



end
















CodeWrittenForSubject/aFuncSuperPixleEdge2.m

function [ImgSuperEdge] = aFuncSuperPixleEdge2(SuperPixleImage,pixlesIn,RoughMask,IniMask)



idx = label2idx(SuperPixleImage);

WorkingBorderMask = zeros(size(SuperPixleImage,1),size(SuperPixleImage,2));

WorkingSuperImage = SuperPixleImage;



Bordermask = IniMask;

ImgSuperEdge = zeros(size(SuperPixleImage,1),size(SuperPixleImage,2));



for i = 1:pixlesIn

    if sum(sum(Bordermask.*RoughMask))>0

    borderpix = WorkingSuperImage.*Bordermask.*RoughMask;

    else

    borderpix = WorkingSuperImage.*Bordermask;   

    end

    TempVariable = unique(borderpix);

    PixelsInLayer = TempVariable(2:end);

    for j = 1:length(PixelsInLayer)

        labelVal = PixelsInLayer(j);

        PixleIDX = idx{labelVal};

        WorkingBorderMask(PixleIDX) = 1;

        ImgSuperEdge(PixleIDX) = i;

        WorkingSuperImage(PixleIDX)=0;

    end

    Bordermask = boundarymask(WorkingBorderMask);

end








CodeWrittenForSubject/AKMfuncFrangiProcessing.m



function [FrangiPic, FrangiScale, FrangiDir] = AKMfuncFrangiProcessing(ImgIn,FrangiOptions) 

FrangiPic = zeros(size(ImgIn));

FrangiScale = zeros(size(ImgIn));

FrangiDir = zeros(size(ImgIn));

for i=1:size(ImgIn,3)



[outIm,whatScale,Direction]=FrangiFilter2D(ImgIn(:,:,i),FrangiOptions);

FrangiPic(:,:,i) = outIm;

FrangiScale(:,:,i)  = whatScale;

FrangiDir(:,:,i) = Direction;

end










CodeWrittenForSubject/AKMfuncGetAnnotation.m

function [BackgroundAnno,VesselAnno,Frame] = AKMfuncGetAnnotation(NumPatient, NumSession)



AnnotationDir = ['cd0' num2str(NumPatient) '\'];



SubPath = ['Background-cd' num2str(NumPatient,'%02d') 'IMG' num2str(NumSession,'%05d') '_'];

NumbckImg = length(dir([AnnotationDir SubPath '*']));





if NumbckImg>0

    folder = dir([AnnotationDir SubPath '*']);

   for v =1: NumbckImg

        streng  = [AnnotationDir folder(v).name];

        load(streng);

        Points= round(Points);

        BackgroundAnno{v} = Points;

        

        start= length(SubPath);

        slut = strfind(folder(v).name,'.tiff.mat');

        Frame(v) = str2num(folder(v).name(start+1:slut-1));

    end

else

    BackgroundAnno = 0;

    Frame = 0;

end



SubPath = ['Vessel-cd' num2str(NumPatient,'%02d') 'IMG' num2str(NumSession,'%05d') '_'];

NumVslImg = length(dir([AnnotationDir SubPath '*']));

if NumVslImg>0

    folder = dir([AnnotationDir SubPath '*']);

    for v =1: NumVslImg

        streng  = [AnnotationDir folder(v).name];

        load(streng);

        Points= round(Points);

        VesselAnno{v} = Points;

    end

else

    VesselAnno = 0;

    Frame = 0;

end














CodeWrittenForSubject/AKMfuncGetPatientImages.m



function [IorgSeq,NumImg]=AKMfuncGetPatientImages(MainPath,patient,session)



% 

% NumberOfImgPath = [MainPath 'Patient-' num2str(patient,'%03d') '^' num2str(patient,'%03d') '\Study__XA_CardAngio[]\Series_1\IMG' num2str(session,'%05d') '*'];

% NumImg = dir(NumberOfImgPath);



SubPath = ['Patient-' num2str(patient,'%03d') '^' num2str(patient,'%03d') '\Study__XA_CardAngio[]\Series_1\IMG' num2str(session,'%05d')];

NumImg = length(dir([MainPath SubPath '*']));



for i=1:NumImg

    TestSubjectPath  = [MainPath SubPath '_Frame' num2str(i) '.tif'];

    tempImg = imread(TestSubjectPath);

    IorgSeq(:,:,i)  = im2double(tempImg(:,:,1));

end






CodeWrittenForSubject/AKMfuncGradient2DProcessing.m

function [ImgSqGardientMag, ImgSqGardientMagBin, ImgSqGardientDir] =  AKMfuncGradient2DProcessing(ImgInput);



ImgSqGardientMag = zeros(size(ImgInput));

ImgSqGardientMagBin = zeros(size(ImgInput));

ImgSqGardientDir = zeros(size(ImgInput));



for i =1 : size(ImgInput,3)

    [Gmag, Gdir] = imgradient(ImgInput(:,:,i),'prewitt');

    ImgSqGardientMag(:,:,i) = Gmag;

    ImgSqGardientMagBin(:,:,i) = imbinarize(Gmag,max(max(Gmag)));

    ImgSqGardientDir(:,:,i) = Gdir;

end



%  [test1] = gradientweight(ImgSqHomoImageCentered(:,:,i),5,'RolloffFactor',2.5);








CodeWrittenForSubject/AKMfuncIntermediateProcessing.m



function [RoughMask, ImgSqBinTran,TransisionalFilterImgSq,ImgSqSummedImg]=AKMfuncIntermediateProcessing(ImgSqIn,options)





FitlerDesign(:,:,1) = options.FilterDesgin;

FitlerDesign(:,:,2) = -FitlerDesign(:,:,1);

TresholdTransission =options.Edgelevel;

Imtresh = options.IlluminationPct;

Filterfactor = options.MeanAdjustmentFilter;

TresholdIllumunation = 1;

FirstImage = ones(size(ImgSqIn,1),size(ImgSqIn,2)).*0.5;

Imgsq = zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3)+1);

Imgsq(:,:,1) = FirstImage;

Imgsq(:,:,2:end) = ImgSqIn;

ImgSqIn = Imgsq;

TransisionalFilterImgSq = imfilter(ImgSqIn,FitlerDesign,'replicate');



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Options

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%





FiltFact = Filterfactor;

if FiltFact== 0

    FiltFact = 1;

end

if Imtresh== 0 || Imtresh>1

    Imtresh = 1;

end



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% BlobbyParamterer

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

BlockAnaAllblobs = vision.BlobAnalysis('AreaOutputPort', true,...

    'CentroidOutputPort', false,...

    'LabelMatrixOutputPort',true, ...

    'BoundingBoxOutputPort', false,...

    'MinimumBlobArea',  1000, ...

    'ExcludeBorderBlobs', false);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Makes a coarseImageMask That indicates where the movements occours

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

AreaOfInterstMask = zeros(size(ImgSqIn,1),size(ImgSqIn,2));

for i=1:size(ImgSqIn,3)-1

    AreaOfInterstMasktemp = abs(TransisionalFilterImgSq(:,:,i));

    AreaOfInterstMasktemp(AreaOfInterstMasktemp<(TresholdTransission)) =0;

    AreaOfInterstMask = AreaOfInterstMask+AreaOfInterstMasktemp;

end

se = strel('disk',6);

AreaOfInterstMaskTemp = imdilate(AreaOfInterstMask,se);

[areasAll, Arealabel] = step(BlockAnaAllblobs,(imbinarize(AreaOfInterstMaskTemp)));

MaxLables = find(areasAll==max(areasAll));

Arealabel(Arealabel~=MaxLables) = 0;

Arealabel(Arealabel==MaxLables) = 1;

AreaOfInterstMaskExtracted =  cast(Arealabel,'double');

RoughMask = imdilate(AreaOfInterstMaskExtracted,se);

RoughMask = imfill(RoughMask,'holes');







%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% This part below is not really used anymore 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% This part below is not really used anymore 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% This part below is not really used anymore 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%





%AreaOfInterstMaskExtracted = ones(size(ImgSqIn,1),size(ImgSqIn,2));

%RoughMask= AreaOfInterstMaskExtracted;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Summs the Image over time this gives a good estimation of the veins

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



SummedImg = ones(size(ImgSqIn,1),size(ImgSqIn,2)).*0.5;

%SummedImg = TransisionalFilterImgSq(:,:,1)-TransisionalFilterImgSq(:,:,2);

ImgSqBinTran =  zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3));

ImgSqBinTranIllum = zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3));

ImgSqSummedImg = zeros(size(ImgSqIn,1),size(ImgSqIn,2),size(ImgSqIn,3));

h = fspecial('average',11);

for i=1:size(ImgSqIn,3)-1

    %     if i == 1

    %     tmpSummedImg =  Correctpos;

    %     else

    tmpSummedImg = TransisionalFilterImgSq(:,:,i).*FiltFact;

    tmpSummedImg = imfilter(tmpSummedImg,h);

%     tmpSummedImg = localcontrast(cast(tmpSummedImg,'single'),0.03,-0.5);

%     %     end

    

    

    SummedImg =tmpSummedImg+ SummedImg ;

    ImgSqSummedImg(:,:,i) = SummedImg;

    Overgang = SummedImg;

    BinOvergang = imbinarize(Overgang,TresholdTransission);

    ImgSqBinTran(:,:,i) = BinOvergang;

    HistoGramBins22 = 0.3:0.005:0.7;

    CountsOfHistogram= histcounts(BinOvergang.*ImgSqIn(:,:,i),HistoGramBins22);

    SumOfHistogram = sum(CountsOfHistogram);

    histteller = 0;

    tresholdFinder = 0;

    for t = 1: length(CountsOfHistogram)

        histteller = histteller+CountsOfHistogram(t);

        if histteller/SumOfHistogram >Imtresh && tresholdFinder ==0

            TresholdIllumunation = HistoGramBins22(t);

            tresholdFinder = 1;

        end

    end

    

    TestBildeOvergangIlluminasjon = ImgSqIn(:,:,i).*BinOvergang;

    TestBildeOvergangIlluminasjon = imbinarize(TestBildeOvergangIlluminasjon,TresholdIllumunation);

    TestBildeOvergangIlluminasjon = BinOvergang&~TestBildeOvergangIlluminasjon;

    ImgSqBinTranIllum(:,:,i)  =TestBildeOvergangIlluminasjon;

    

end





%

%     tmpSummedImg = TransisionalFilterImgSq(:,:,i).*FiltFact;

%     SummedImg =tmpSummedImg+ SummedImg ;

%     SummedImg = SummedImg.*AreaOfInterstMaskExtracted;

%     ImgSqSummedImg(:,:,i) = SummedImg;

%

%     Overgang = SummedImg;

%     Overgang =  medfilt2(Overgang,[5 5]);

%     Overgang(Overgang>=TresholdTransission) = 1;

%     Overgang(Overgang<TresholdTransission) = 0;

%     BinOvergang = imbinarize(Overgang);

%     [areasAll, Arealabel] = step(BlockAnaAllblobs,BinOvergang);

%     TesSzize = find(areasAll==max(areasAll));

%     if(areasAll(TesSzize)<minsizeBlob)

%         TestArea = cast(Arealabel,'double');

%         TestAreaSizie = cast(areasAll,'double');

%         TestAreaSum = 0;

%         for p = 1:length(areasAll)

%             TestArea = cast(Arealabel,'double');

%             TestAreaSizie = cast(areasAll,'double');

%             TestArea(TestArea~=p) = 0;

%             TestArea(TestArea==p) = 1;

%             TestArea = SummedImg.*TestArea;

%             Tesareamean =  sum(sum(TestArea))./TestAreaSizie(p);

%             TestAreaSum(p) = Tesareamean;

%         end

%         MaxLables = find(TestAreaSum==max(TestAreaSum));

%     else

%         MaxLables = find(areasAll==max(areasAll));

%     end

%     if isempty(areasAll) == 0

%         Arealabel(Arealabel~=MaxLables) = 0;

%         Arealabel(Arealabel==MaxLables) = 1;

%         ImgSqTran(:,:,i) =  cast(Arealabel,'double');

%     else

%         ImgSqTran(:,:,i)  = zeros(length(I));

%     end

%

%

%     HistoGramBins22 = 0.1:0.05:1;

%     histogramtelling= histcounts(ImgSqTran(:,:,i).*testirog(:,:,i+1),HistoGramBins22);

%     summenavhistogram = sum(histogramtelling);

%     histteller = 0;

%     prosentfinner = 0;

%     for t = 1: length(histogramtelling)

%         histteller = histteller+histogramtelling(t);

%         if histteller/summenavhistogram >0.95 && prosentfinner ==0

%             TresholdIllumunation = HistoGramBins22(t);

%             prosentfinner = 1;

%         end

%     end

%

%     TestBildeOvergangIlluminasjon = testirog(:,:,i+1).*Overgang;

%     TestBildeOvergangIlluminasjon(TestBildeOvergangIlluminasjon>TresholdIllumunation) = 1;

%     TestBildeOvergangIlluminasjon(TestBildeOvergangIlluminasjon<TresholdIllumunation) = 0;

%     TestBildeOvergangIlluminasjon = Overgang&~TestBildeOvergangIlluminasjon;

%

%     [areasAll, Arealabel] = step(BlockAnaAllblobs,(TestBildeOvergangIlluminasjon));

%     TesSzize = find(areasAll==max(areasAll));

%     if(areasAll(TesSzize)<minsizeBlob)

%         TestAreaSum = zeros(length(areasAll),1);

%         for p = 1:length(areasAll)

%             TestArea = cast(Arealabel,'double');

%             TestAreaSizie = cast(areasAll,'double');

%             TestArea(TestArea~=p) = 0;

%             TestArea(TestArea==p) = 1;

%             TestArea = SummedImg.*TestArea;

%             Tesareamean =  sum(sum(TestArea))./TestAreaSizie(p)

%             TestAreaSum(p) = Tesareamean;

%         end

%         MaxLables = find(TestAreaSum==max(TestAreaSum));

%     else

%         MaxLables = find(areasAll==max(areasAll));

%     end

%     if isempty(areasAll) == 0

%         Arealabel(Arealabel~=MaxLables) = 0;

%         Arealabel(Arealabel==MaxLables) = 1;

%         ImgSqTranIllum(:,:,i)  =  cast(Arealabel,'double');

%     else

%         ImgSqTranIllum(:,:,i)  = zeros(length(I));

%     end






CodeWrittenForSubject/AKMfuncSuperpixleCreate.m

function [ImgSqSuperPixles, NumSuperpixles,BWMask]= ...

    AKMfuncSuperpixleCreate(ImSqIn,OptionsSuperPixels)



ImgSqSuperPixles  = zeros(size(ImSqIn));

BWMask = zeros(size(ImSqIn));

NumSuperpixles = size(ImSqIn,3);

PixleSize = OptionsSuperPixels.PixeleNumbers ;

Interation = OptionsSuperPixels.Itterations ;

Shape = OptionsSuperPixels.Shape ;



for i = 1:size(ImSqIn,3)

    [L,N] = superpixels(ImSqIn(:,:,i),PixleSize,'NumIterations',Interation,'Compactness',Shape);

    NumSuperpixles(i) = N;

    ImgSqSuperPixles(:,:,i) = L;

    BWMask(:,:,i) = boundarymask(L);

    

end






CodeWrittenForSubject/AKMfuncSuperpixleProcessing.m

function [ImgSqSuperPixles, NumSuperpixles,BW]= ...

    AKMfuncSuperpixleProcessing(ImSqIn,OptionsSuperPixels)





for i = 1 : 

    ImgSqSuperPixles(:,:,i) = L ;

    TransFerangi = ImgSqTran(:,:,i).*ImgSqFrangi(:,:,i);

    TransImg = ImgSqTran(:,:,i);

    idx = label2idx(L);

    outputImage = zeros(size(ImSqIn,1),size(ImSqIn,2));

    for labelVal = 1:N

        redIdx = idx{labelVal};

        if mean(TransFerangi(redIdx))>FranInterBinRatio || mean(TransImg(redIdx))>InterBinRatio

            outputImage(redIdx) = 1;

        else

            outputImage(redIdx) = 0;

        end

    end

    ImgSqSuperPixlesBin(:,:,i) = outputImage;

end






CodeWrittenForSubject/AKMmain.m

clear all

close all

clc



PathMain = 'C:\Users\AlexanderKvale\Desktop\Starting Material\TIFF\';

PathSaveTO = 'C:\Users\AlexanderKvale\Desktop\OutputImageMaster\';

NumPatient=1;

NumSession  =5;

PatientOrder = [1 2 4 5 6 7 8 9 10];

SessionOrder = [5 4 2 2 5 7 8 4 4];



for runAll = 1: length(PatientOrder)

    

    

    

    %%

    %% Image Fecthing

    %%

    disp('Fetching Original Images');

    [ImgSqIorg,NumImg] = AKMfuncGetPatientImages(PathMain,NumPatient, NumSession) ;

    [AnnaBackground,AnnoVessels,AnnoFrames] = AKMfuncGetAnnotation(NumPatient, NumSession) ;

    

    %%

    %% Preprocssing in spartial domain

    %%

    

    %% Homomorphic Filtering

    OptionsHomo.Sigma = 25;

    OptionsHomo.CenterValue = 0.5;

    disp('Performs homomorphic processing and centers them');

    [ImgSqHomoImage, ImgSqHomoImageCentered]=AKMfuncHomomorphicCentering(ImgSqIorg,OptionsHomo);

    

    %% Find and subtract median

    PicMedianOfHomomorphicImage = median(ImgSqHomoImageCentered,3);

    ImgSqHomoImageCenteredMinusMedian = ImgSqHomoImageCentered-PicMedianOfHomomorphicImage+OptionsHomo.CenterValue;

    

    

    %% Gradient Filtering

    disp('Performs 2D Gradientprocesssing');

    [ImgSqGardient2dMag, ImgSqGardientMag2DBin, ImgSqGardient2DDir] = ...

        AKMfuncGradient2DProcessing(ImgSqHomoImageCentered);

    

    disp('Performs 3D Gradientprocesssing');

    [ImgSqGardient3DtMag,ImgSqGardient3DDir,ImgSqGardient3DElevation]  = imgradient3(ImgSqHomoImageCentered,'intermediate');

    

    %% Frangi Filtering

    % OptionsFangi.FrangiScaleRange = [1 9];

    % OptionsFangi.FrangiScaleRatio = 2;

    % OptionsFangi.FrangiBetaOne = 5;

    % OptionsFangi.FrangiBetaTwo =10000;

    % OptionsFangi.BlackWhite = true;

    % OptionsFangi.verbose = false;

    % ImgSqHomoImageCenteredMinusMedianRecaled = ImgSqHomoImageCenteredMinusMedian.*4-1.5;

    %

    % disp('Performs frangi procssssing');

    % [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

    %     AKMfuncFrangiProcessing(ImgSqHomoImageCenteredMinusMedianRecaled,OptionsFangi) ;

    

    % centreertmitdtfrang= ImgSqFrangiImg(:,:,45)./mean(mean(ImgSqFrangiImg(:,:,45)));

    % centreertmitdtfrangadj = imadjust(centreertmitdtfrang);

    % centreertmitdtfrangadj(centreertmitdtfrangadj<1) =0;

    % imshow(centreertmitdtfrangadj);

    %

    % imshow(centreertmitdtfrang./10)

    % imshow(ImgSqFrangiDir(:,:,45)./pi);

    %

    % imshow(ImgSqFrangiImg(:,:,45)./(max(max(ImgSqFrangiImg(:,:,45)))));

    %%

    %% Preprocssing in time domain

    %%

    %% Intermediateimage procssing

    GaussFilter = fspecial('gaussian', 11,2.0);

    GaussFilter = GaussFilter./mean(mean(GaussFilter));

    

    OptionsIntermediate.FilterDesgin = GaussFilter;

    OptionsIntermediate.Edgelevel = 5.5;

    OptionsIntermediate.IlluminationPct = 0.8;

    OptionsIntermediate.MeanAdjustmentFilter = 1/size(GaussFilter,1);

    disp('Performs intermediatechange procssssing');

    [PicRoughMask, ImgSqBinTran,ImgSqTrans,ImgSqSummedImg]= ...

        AKMfuncIntermediateProcessing(ImgSqHomoImageCenteredMinusMedian,OptionsIntermediate);

    imshow(PicRoughMask);

    PicRoughMaskFilled = imfill(PicRoughMask,'holes');

    PicMedianOfSummedSq = median(ImgSqSummedImg,3);

    ImgSqHomoSummedImageCenteredMinusMedian = ImgSqSummedImg-PicMedianOfSummedSq+0.5;

    ImgSqHomoSummedImageCenteredMinusMedianMinusorg = ImgSqHomoSummedImageCenteredMinusMedian-ImgSqSummedImg+0.5;

    imshow(ImgSqHomoSummedImageCenteredMinusMedian(:,:,30))

    [PicRoughMask2, ImgSqBinTran2,ImgSqTrans2,ImgSqSummedImg2]= ...

        AKMfuncIntermediateProcessing(-ImgSqHomoSummedImageCenteredMinusMedian,OptionsIntermediate);

    for i = 2:size(ImgSqHomoImage,3) -1

        imshow(-ImgSqSummedImg2(:,:,i)-median(ImgSqSummedImg2,3));

    end

    % OptionsFangi.FrangiScaleRange = [1 9];

    % OptionsFangi.FrangiScaleRatio = 2;

    % OptionsFangi.FrangiBetaOne = 150;

    % OptionsFangi.FrangiBetaTwo =10000;

    % OptionsFangi.BlackWhite = false;

    % OptionsFangi.verbose = false;

    %

    % disp('Performs frangi procssssing');

    % [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

    %     AKMfuncFrangiProcessing(ImgSqSummedImg,OptionsFangi) ;

    

    %%

    %%  Segmentation

    %%

    %% Superpixel

    OptionsSuperPixels.PixeleNumbers = size(ImgSqIorg,1) +size(ImgSqIorg,2);

    OptionsSuperPixels.Itterations = 20;   %default 10, See superpixle help

    OptionsSuperPixels.Shape = 2;         %default 10 , See superpixle help

    

    disp('Performs inital superpixel procssssing');

    % [ImgSqSuperPixles, NumSuperpixles,ImgSqBoundaryMask]= ...

    %     AKMfuncSuperpixleCreate(ImgSqHomoImageCenteredMinusMedian,OptionsSuperPixels);

    

    [ImgSqSuperPixlesSummed, NumSuperpixlesSummed,ImgSqBoundaryMaskSummed]= ...

        AKMfuncSuperpixleCreate(ImgSqHomoSummedImageCenteredMinusMedian,OptionsSuperPixels);

    

    ImgSqSuperPixles=ImgSqSuperPixlesSummed;

    ImgSqBoundaryMask = ImgSqBoundaryMaskSummed;

    NumSuperpixles= NumSuperpixlesSummed;

    offset = 0;

    [X,Y] = meshgrid(1:size(ImgSqIorg,1),1:size(ImgSqIorg,2));

    

    GaussFilter2 = fspecial('gaussian', 5,2.0);

    lapFilter2 = fspecial('laplacian', 0.25);

    logilter2 = fspecial('log',5);

    

    for i = 2:size(ImgSqHomoImage,3) -1

        

        SuperPixImg  =  ImgSqSuperPixles(:,:,i);

        idx = label2idx(SuperPixImg);

        Summmedimg = ImgSqSummedImg(:,:,i)-0.5;

        Summmedimg(Summmedimg>1) = 1;

        Summmedimg(Summmedimg<-1) =-1;

        

        NegPartFromSummedImg = Summmedimg;

        NegPartFromSummedImg(NegPartFromSummedImg<0.2) = 0;

        NegPartFromSummedImg(NegPartFromSummedImg~=0) =1;

        

        PosPartFromSummedImg = Summmedimg;

        PosPartFromSummedImg(PosPartFromSummedImg>0.2) = 0;

        PosPartFromSummedImg(PosPartFromSummedImg~=0) =1;

        

        pospart = Summmedimg.*NegPartFromSummedImg;

        negoart = -Summmedimg.*PosPartFromSummedImg;

        for d = 1 :50

            pospart = imfilter(pospart,GaussFilter2);

            negoart = imfilter(negoart,GaussFilter2);

        end

        prossedgradient = imgradient(pospart-Summmedimg,'sobel').*(1-PosPartFromSummedImg).*PicRoughMaskFilled;

        combined = (Summmedimg+prossedgradient).*(1-PosPartFromSummedImg).*PicRoughMaskFilled;

        

        comsuprerimg= zeros(736);

        for labelVal = 1:NumSuperpixles(i)

            redIdx = idx{labelVal};

            combmeeeen(labelVal) = mean(combined(redIdx));

            % NegPartFromSummedImg = mean(NegPartFromSummedImg(redIdx))./length(redIdx);

        end

        finngrenseverdi = graythresh(combmeeeen)

        

        for labelVal = 1:NumSuperpixles(i)

            redIdx = idx{labelVal};

            if combmeeeen(labelVal)>finngrenseverdi

                comsuprerimg(redIdx) = 1;

            else

                comsuprerimg(redIdx) = 0;

            end

        end

        SuperBinImg = imbinarize(comsuprerimg);

        

        SuperBinImgSq(:,:,i) = SuperBinImg;

        

        PosPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        NegPctPix = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        SmallPixel = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        

        %%%% Border Mask creation

        Bordermask = ones(size(ImgSqIorg,1),size(ImgSqIorg,2));

        Bordermask(2:end-1,2:end-1) = 0;

        Bordermask= Bordermask.*PicRoughMaskFilled;

        %%%% Expand Border Mask creation

        Superpixelborder= aFuncSuperPixleEdge2(SuperPixImg,3,PicRoughMaskFilled,Bordermask);

        Superpixelborderbin = Superpixelborder.*PicRoughMaskFilled;

        Superpixelborderbin(Superpixelborderbin>1) =1 ;

        

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        initalborders = SuperBinImg&Superpixelborder;

        

        MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(MinimumsBlobls, initalborders);

        AreaIndex = label2idx(Arealabel)  ;

        BiggerthanOneSuper  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            borderpix = unique(SuperPixImg(PixleIDX));

            if length(borderpix)>2

                BiggerthanOneSuper(PixleIDX)=1;

            end

        end

        if mean(mean(BiggerthanOneSuper))== 0

            BiggerthanOneSuper = initalborders;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Find superpixels connected to edge of image

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        %  imshow(BiggerthanOneSuper)

        MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(MinimumsBlobls, SuperBinImg);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = BiggerthanOneSuper+SuperBinImg;

        Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                Biggerthanself(PixleIDX)=1;

            end

            

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Grow to find neighbors

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        SuperpixelGrowing = 1;

        while SuperpixelGrowing == 1

            initialSeg = Biggerthanself;

            Boadergrow= aFuncSuperPixleEdge2(SuperPixImg,3,PicRoughMaskFilled,initialSeg);

            

            MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

                'CentroidOutputPort', false,...

                'LabelMatrixOutputPort',true, ...

                'BoundingBoxOutputPort', false,...

                'ExcludeBorderBlobs', false);

            [areasAll, Arealabel] = step(MinimumsBlobls, SuperBinImg);

            AreaIndex = label2idx(Arealabel)  ;

            overlap  = Boadergrow+SuperBinImg;

            Biggerthanself  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

            for b = 1:length(AreaIndex)

                PixleIDX = AreaIndex{b};

                if mean(overlap(PixleIDX))>1

                    Biggerthanself(PixleIDX)=1;

                end

            end

            if Biggerthanself == initialSeg

                SuperpixelGrowing = 0;

            else

                SuperpixelGrowing = 1;

            end

        end

        

        CoarsesegemagationOfLargeBody(:,:,i) = Biggerthanself;

        MeanOfSegBody(i) = mean(mean(CoarsesegemagationOfLargeBody(:,:,i)));

        if i>4

            testvar  =MeanOfSegBody(i-2)-  2*MeanOfSegBody(i-1) + MeanOfSegBody(i);

            if testvar>0.029

                autoinclude = SuperBinImgSq(:,:,i-2)+ SuperBinImgSq(:,:,i-1) + SuperBinImgSq(:,:,i);

                autoinclude(autoinclude~=3) = 0;

                autoinclude(autoinclude==3)=  1;

                autoinclude = autoinclude.*(CoarsesegemagationOfLargeBody(:,:,i-2)|CoarsesegemagationOfLargeBody(:,:,i));

                

                MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

                    'CentroidOutputPort', false,...

                    'LabelMatrixOutputPort',true, ...

                    'BoundingBoxOutputPort', false,...

                    'ExcludeBorderBlobs', false);

                [areasAll, Arealabel] = step(MinimumsBlobls, SuperBinImgSq(:,:,i-1));

                AreaIndex = label2idx(Arealabel)  ;

                overlap  = autoinclude+SuperBinImgSq(:,:,i-1);

                Correction  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

                for b = 1:length(AreaIndex)

                    PixleIDX = AreaIndex{b};

                    if mean(overlap(PixleIDX))>1

                        Correction(PixleIDX)=1;

                    end

                end

                CoarsesegemagationOfLargeBody(:,:,i-1) = Correction;

                MeanOfSegBody(i-1) = mean(mean(Correction));

            end

        end

    end

    

    

    [ImsqBin1] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.01 ,0.01, 0.001);

    [ImsqBin2] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.02 ,0.05, 0.001);

    [ImsqBin5] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.05 ,0.05, 0.001);

    [ImsqBin10] = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, 0.1 ,0.05, 0.001);

      

    

    

    

    for  gg = 2 : size(ImgSqIorg,3)-1

        imshow([ImsqBin1(:,:,gg) ImsqBin2(:,:,gg); ImsqBin5(:,:,gg) ImsqBin10(:,:,gg)     ]);

    end

    %Global Binarization of image

    

    filterSobel= fspecial('sobel');

    filterAvg5x5 = fspecial('average',5);

    EdgeTreshold = 0.125;

    NegativTreshold = 0.55;

    gg =21;

    

    for  gg = 2 : size(ImgSqIorg,3)-1

        histroambin = 1-adapthisteq(ImgSqHomoImageCenteredMinusMedian(:,:,gg),'NumTiles',[32 32],'clipLimit',0.15,'Distribution','rayleigh');

        histroambin = imbinarize(histroambin);

        histroambin =  AdaptiveBIN(:,:,gg);

        imshow(histroambin)

        %%%%%%edge imgage

        AverageMinusMedian =imfilter(ImgSqHomoImageCenteredMinusMedian(:,:,gg),filterAvg5x5);

        AverageMinusMedian = ImgSqHomoImageCenteredMinusMedian(:,:,gg);

        EdgeImage = abs(imfilter(AverageMinusMedian,filterSobel', 'replicate'))+abs(imfilter(AverageMinusMedian,filterSobel, 'replicate'));

        EdgeImage2 = imgradient(ImgSqHomoImageCenteredMinusMedian(:,:,gg),'sobel');

        EdgeImageBin = imbinarize(EdgeImage,EdgeTreshold);

        

        EdgeImageBin = bwareaopen(EdgeImageBin, 200);

        % imshow([EdgeImage EdgeImage2 EdgeImageBin histroambin histroambin|EdgeImageBin])

        

        %%%%%%edge imgage

        NegPartFromSummedImg4444 = ImgSqSummedImg(:,:,gg);

        NegPartFromSummedImg4444=imbinarize(NegPartFromSummedImg4444,NegativTreshold);

        

        

        %Remove Small areas

        BWdistSmallElements = bwdist(1-(histroambin));

        BWdistSmallElements(BWdistSmallElements<2) = 0;

        BWdistSmallElements(BWdistSmallElements>0) = 1;

        

        

        lightelemnts = ImgSqHomoImageCenteredMinusMedian(:,:,gg)<0.50;

        

        

        BWdistLargeElements = bwdist(1-histroambin);

        BWdistLargeElements(BWdistLargeElements<=4) = 0;

        BWdistLargeElements(BWdistLargeElements>4) = 1;

        BWdistLargeElementsGrown = boundarymask(BWdistLargeElements);

        BWdistLargeElementsGrown= BWdistLargeElements|boundarymask(BWdistLargeElementsGrown);

        BWdistLargeElementsGrown= BWdistLargeElementsGrown|boundarymask(BWdistLargeElementsGrown);

        

        

        

        BWdistcomb =CoarsesegemagationOfLargeBody(:,:,gg)&~BWdistLargeElements|BWdistSmallElements;

        HistEqCourase = BWdistcomb|CoarsesegemagationOfLargeBody(:,:,gg);

        

        % Find overlap of coarse and binarization image

        HistEqCouraseLarge = bwareaopen(HistEqCourase, 250);

        MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

            'CentroidOutputPort', false,...

            'LabelMatrixOutputPort',true, ...

            'BoundingBoxOutputPort', false,...

            'ExcludeBorderBlobs', false);

        [areasAll, Arealabel] = step(MinimumsBlobls, HistEqCouraseLarge);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = CoarsesegemagationOfLargeBody(:,:,gg)+HistEqCouraseLarge;

        SegmentationIteration1  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration1(PixleIDX)=1;

            end

        end

        

        

        imshow([SegmentationIteration1 CoarsesegemagationOfLargeBody(:,:,gg)])

        

        se = strel('disk',8);

        BW2 = imdilate(SegmentationIteration1,se);

        se = strel('disk',5);

        BW3 = imdilate(HistEqCourase,se);

        TotalDilated =  BW2|BW3;

        imshow(TotalDilated)

        

        TotalDilated = bwareaopen(TotalDilated, 250);

        [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = SegmentationIteration1+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        

        sjekkbilde = Correctioncombimg2&SegmentationIteration1;

        SegmentationIteration2large = bwareaopen(SegmentationIteration2&histroambin, 50);

        se = strel('disk',8);

        HistEqCourase = imdilate(SegmentationIteration2large,se);

        se = strel('disk',8);

        BW2 = imdilate(SegmentationIteration2large,se);

        se = strel('disk',3);

        BW3 = imdilate(histroambin,se);

        TotalDilated =  BW2|BW3;

        imshow(TotalDilated)

        TotalDilated = bwareaopen(TotalDilated, 250);

        [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = SegmentationIteration1+TotalDilated;

        SegmentationIteration2  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration2(PixleIDX)=1;

            end

        end

        

        

        

        

        

        

        imshow(sjekkbilde33)

        [areasAll, Arealabel] = step(MinimumsBlobls, sjekkbilde33);

        BiggestBlob = Arealabel == find(areasAll==max(areasAll));

        AreaIndex = label2idx(Arealabel)  ;

        overlap  = histroambin+sjekkbilde33;

        SegmentationIteration3 = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

        for b = 1:length(AreaIndex)

            PixleIDX = AreaIndex{b};

            if mean(overlap(PixleIDX))>1

                SegmentationIteration3(PixleIDX)=1;

            end

        end

        

        se = strel('disk',2);

        SecondSegmentation = imdilate(SegmentationIteration3&histroambin,se);

        %  SecondSegmentation = bwareaopen(SecondSegmentation, 300);

        imshowpair(SecondSegmentation, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

        

        imshowpair(histroambin, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

        SecondSegmentationImgSq(:,:,gg) = SecondSegmentation;

        % pause(0.25);

    end

    

    

    

    %Grading

    if ~isempty(AnnoFrames>0)

        ImgsqAnnotationBackground = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        ImgsqVesselAnnotation  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),length(AnnoFrames));

        for AnnoationImg =1:length(AnnoFrames)

            bilde = AnnoFrames(AnnoationImg);

            bakbrunn = 0;

            Points = AnnaBackground{AnnoationImg};

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                bakbrunn= bakbrunn+~SecondSegmentationImgSq(x,y,bilde);

                ImgsqAnnotationBackground(x,y,AnnoationImg) =1;

            end

            

            AnnoTrueBackground(AnnoationImg) = bakbrunn/length(Points);

            AnnoFalseBackground(AnnoationImg) = 1-AnnoTrueBackground(AnnoationImg);

            

            

            Points = AnnoVessels{AnnoationImg};

            vessel = 0;

            for d = 1:length(Points)

                x = Points(d,2);

                y = Points(d,1);

                vessel= vessel+SecondSegmentationImgSq(x,y,bilde);

                ImgsqVesselAnnotation(x,y,AnnoationImg) =1;

            end

            AnnoTrueVessel(AnnoationImg) = vessel/length(Points);

            AnnoFalseVessel(AnnoationImg) = 1-  AnnoTrueVessel(AnnoationImg) ;

            

            ImgsqAnnotationBackground(:,:,AnnoationImg) = ImgsqAnnotationBackground(:,:,AnnoationImg) | boundarymask(ImgsqAnnotationBackground(:,:,AnnoationImg));

            ImgsqVesselAnnotation(:,:,AnnoationImg) = ImgsqVesselAnnotation(:,:,AnnoationImg) | boundarymask(ImgsqVesselAnnotation(:,:,AnnoationImg));

            

            TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),SecondSegmentationImgSq(:,:,bilde),'blue');

            TMPimg = imoverlay(TMPimg,ImgsqVesselAnnotation(:,:,AnnoationImg),'green');

            TMPimg = imoverlay(TMPimg, ImgsqAnnotationBackground(:,:,AnnoationImg),'red');

            imshow([TMPimg imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,bilde),zeros(size(ImgSqIorg,1),size(ImgSqIorg,2)))]);

            

        end

    end

end



%

% for gg = 2:size(ImgSqIorg,3)-1

%

%     verierforgrov = CoarsesegemagationOfLargeBody(:,:,gg).*ImgSqHomoImageCenteredMinusMedian(:,:,gg);

%     % histogram(verierforgrov(verierforgrov>0));

%     [N,edges] = histcounts(verierforgrov(verierforgrov>0));

%

%     hitrogramteller = sum(sum(N));

%     grense= 0;

%     over98 = 0;

%     for d = 1 : length(N)

%         grense = grense+N(d);

%         if( grense/hitrogramteller >0.98)

%             over98 =edges(d);

%             break

%         end

%     end

%

%     Correctioncombimg2 = imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,gg),over98);

%     BWdistSmallElements = bwdist(1-Correctioncombimg2);

%     BWdistSmallElements(BWdistSmallElements<2) = 0;

%     BWdistSmallElements(BWdistSmallElements>0) = 1;

%     Correctioncombimg2 = BWdistSmallElements;

%     % imshow( D)

%     % imshow(Correctioncombimg2)

%     se = strel('disk',10);

%     BW2 = imdilate(Correctioncombimg2,se);

%     se = strel('disk',5);

%     BW3 = imdilate(CoarsesegemagationOfLargeBody(:,:,gg),se);

%     TotalDilated =  BW2|BW3;

%     %  imshow([BW2 BW3 TOTLET])

%     [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

%

%     BiggestBlob = Arealabel == find(areasAll==max(areasAll));

%     BW4=BiggestBlob.*Correctioncombimg2;

%     %   bw99 = activecontour(ImgSqHomoImageCenteredMinusMedian(:,:,gg), BW4, 100, 'Chan-Vese','ContractionBias',-0.25);

%     %     %     imshow(BW2);

%     %  imshowpair(bw99, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

%

%     %  se = strel('disk',3);

%     %   BW2 = imdilate(Correctioncombimg2,se);

%     imshowpair(bwareaopen(BW4.*BW2,20)|CoarsesegemagationOfLargeBody(:,:,gg), ImgSqHomoImageCenteredMinusMedian(:,:,gg));

%     %  imshowpair(bwareaopen(BW4.*BW2,20),CoarsesegemagationOfLargeBody(:,:,gg));

%

%     pause(1);

% end

%

%

%

%

%

%

%

%

%

























for gg = 2 : 57

    imshow(histroambin)

    BWdistSmallElements = bwdist(1-histroambin);

    BWdistSmallElements(BWdistSmallElements<2) = 0;

    

    BWdistSmallElements = bwdist(1-histroambin);

    BWdistSmallElements(BWdistSmallElements<2) = 0;

    %  BWdistSmallElements(BWdistSmallElements>5) = 0;

    BWdistSmallElements(BWdistSmallElements>0) = 1;

    

    

    imshow( BWdistSmallElements)

    HistEqCourase = bwareaopen((BWdistSmallElements),100);

    imshow([HistEqCourase ImgSqHomoImageCenteredMinusMedian(:,:,gg)]);

    

    MinimumsBlobls = vision.BlobAnalysis('AreaOutputPort', true,...

        'CentroidOutputPort', false,...

        'LabelMatrixOutputPort',true, ...

        'BoundingBoxOutputPort', false,...

        'ExcludeBorderBlobs', false);

    [areasAll, Arealabel] = step(MinimumsBlobls, imbinarize(CoarsesegemagationOfLargeBody(:,:,gg)));

    AreaIndex = label2idx(Arealabel)  ;

    overlap  = CoarsesegemagationOfLargeBody(:,:,gg)+HistEqCourase;

    SegmentationIteration1  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

    for b = 1:length(AreaIndex)

        PixleIDX = AreaIndex{b};

        if mean(overlap(PixleIDX))>1

            SegmentationIteration1(PixleIDX)=1;

        end

    end

    imshow(SegmentationIteration1)

    % for ff =1:50

    Correctioncombimg2 = SegmentationIteration1;

    se = strel('disk',8);

    BW2 = imdilate(Correctioncombimg2,se);

    se = strel('disk',5);

    BW3 = imdilate(HistEqCourase,se);

    TotalDilated =  BW2|BW3;

    imshow([BW2 BW3 TotalDilated])

    [areasAll, Arealabel] = step(MinimumsBlobls, TotalDilated);

    

    AreaIndex = label2idx(Arealabel)  ;

    overlap  = CoarsesegemagationOfLargeBody(:,:,gg)+TotalDilated;

    extracted  = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2));

    for b = 1:length(AreaIndex)

        PixleIDX = AreaIndex{b};

        if mean(overlap(PixleIDX))>1

            extracted(PixleIDX)=1;

        end

    end

    %imshow(extracted|skeleton)

    SegmentationIteration1=(extracted);

    imshow(SegmentationIteration1)

    imshowpair((SegmentationIteration1|CoarsesegemagationOfLargeBody(:,:,gg))&histroambin, ImgSqHomoImageCenteredMinusMedian(:,:,gg));

    pause(0.25);

    

end







    for gg = 2 : size(ImgSqIorg,3)-1

        gg

        starttest=40;

        stopstest=80;

        mainbodysum= zeros(21,1);

        outskitssum = zeros(21,1);

        mainbodypct = zeros(21,1);

        outside = zeros(21,1);

        outsideinside= zeros(21,1);

        for adaptivtresh = starttest:stopstest

            histroambin =imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,gg),'adaptive','ForegroundPolarity','bright','Sensitivity',adaptivtresh/100);

            %  imshow( histroambin)

            histroambin =medfilt2(histroambin);

            mainbodysum(adaptivtresh-starttest+1) = sum(sum(CoarsesegemagationOfLargeBody(:,:,gg)&histroambin));

            outskitssum(adaptivtresh-starttest+1) = sum(sum(~PicRoughMask&histroambin));

            mainbodypct(adaptivtresh-starttest+1) =  mainbodysum(adaptivtresh-starttest+1)/sum(sum(CoarsesegemagationOfLargeBody(:,:,gg)));

            outside(adaptivtresh-starttest+1) =   sum(sum(~PicRoughMask&histroambin))/sum(sum(~PicRoughMask));

            outsideinside(adaptivtresh-starttest+1) =   sum(sum(mainbodysum(adaptivtresh-starttest+1)&~PicRoughMask&histroambin))/sum(sum(PicRoughMask));

            Snrrr(adaptivtresh-starttest+1) = mainbodypct(adaptivtresh-starttest+1)./ outsideinside(adaptivtresh-starttest+1)

        end

        plot(Snrrr)

        sjekk = mainbodysum-outskitssum;

        sjekk(sjekk>0) = 0;

        sjekk= sjekk(sjekk~=0);

        sjekk =min(abs(sjekk));

        sum(sum(CoarsesegemagationOfLargeBody(:,:,gg)));

        plot(mainbodypct);hold on

        plot(outside);

        plot(outsideinside);

        adatrtesh = (find( mainbodysum-outskitssum == -sjekk)+starttest)/100;

        adatrtesh = 56/100

        AdaptiveBIN(:,:,gg) =imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,gg),'adaptive','ForegroundPolarity','bright','Sensitivity',adatrtesh+0.0);

        imshow(AdaptiveBIN(:,:,gg))

    end

    

    startVar = 0.5;

    SNRtarget = 0.02;

    for proving =   2 : size(ImgSqIorg,3)-1

        proving

        SNRcalc = SNRtarget+1;

        while abs(SNRcalc)>SNRtarget+0.05

            ImsqBinAdaptive(:,:,proving) =imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,proving),'adaptive','ForegroundPolarity','bright','Sensitivity',startVar);

            adaptres =   sum(sum(~PicRoughMask&ImsqBinAdaptive(:,:,proving)))/sum(sum(~PicRoughMask))

            SNRcalc =(SNRtarget-adaptres);

            startVar = startVar + SNRcalc;

            imshow( ImsqBinAdaptive(:,:,proving))

            pause(1);

        end

    end

    

    startVar = 0.5;

    SNRtarget = 0.02;

    for proving =   2 : size(ImgSqIorg,3)-1

        proving

        adaptres = SNRtarget+1;

        %     while ((adaptres>SNRtarget+0.005)||(adaptres<SNRtarget-0.005))

        %         ImsqBinTresh(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

        %         adaptres =   sum(sum(~PicRoughMask&ImsqBinTresh(:,:,proving)))/sum(sum(~PicRoughMask));

        %         SNRcalc =(SNRtarget-adaptres);

        %         startVar = startVar + SNRcalc*0.1;

        %     end

        %     SNRtarget2 = 0.005;

        %     adaptres = SNRtarget2+1;

        %     while ((adaptres>SNRtarget2+0.001)||(adaptres<SNRtarget2-0.001))

        %         ImsqBinTresh2(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

        %         adaptres =  sum(sum(~PicRoughMask&ImsqBinTresh2(:,:,proving)))/sum(sum(~PicRoughMask));

        %         SNRcalc =(SNRtarget2-adaptres);

        %         startVar = startVar + SNRcalc*0.01;

        %     end

        %

        

        SNRtarget3 = 0.05;

        adaptres = SNRtarget3+1;

        while ((adaptres>SNRtarget3+0.005)||(adaptres<SNRtarget3-0.005))

            ImsqBinTresh3(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

            adaptres =  sum(sum(~PicRoughMask&ImsqBinTresh3(:,:,proving)))/sum(sum(~PicRoughMask));

            SNRcalc =(SNRtarget3-adaptres);

            startVar = startVar + SNRcalc*0.01;

        end

        

        %   imshow(ImsqBinTresh3(:,:,proving))

        % pause(1);

        

        SNRtarget4 = 0.1;

        adaptres = SNRtarget4+1;

        while ((adaptres>SNRtarget4+0.005)||(adaptres<SNRtarget4-0.005))

            ImsqBinTresh4(:,:,proving) =1-imbinarize(ImgSqHomoImageCenteredMinusMedian(:,:,proving),startVar);

            adaptres =  sum(sum(~PicRoughMask&ImsqBinTresh4(:,:,proving)))/sum(sum(~PicRoughMask));

            SNRcalc =(SNRtarget4-adaptres);

            startVar = startVar + SNRcalc*0.01;

        end

        

        imshow([ImsqBinTresh2(:,:,proving) ImsqBinTresh(:,:,proving);

            ImsqBinTresh3(:,:,proving) ImsqBinTresh4(:,:,proving)] )

        pause(1);

    end

    

    

    for proving =   2 : size(ImgSqIorg,3)-1

        %imshow([ImsqBinTresh(:,:,proving) ImsqBinTresh2(:,:,proving) ImsqBinAdaptive(:,:,proving) imbinarize(1-ImgSqHomoImageCenteredMinusMedian(:,:,proving))])

        comsuprerimg2333= zeros(736);

        SuperPixImg  =  ImgSqSuperPixles(:,:,proving);

        binimg =  ImsqBinTresh2(:,:,proving);

        idx = label2idx(SuperPixImg);

        

        

        for labelVal = 1:NumSuperpixles(proving)

            

            redIdx = idx{labelVal};

            pct = sum(binimg(redIdx))/length(redIdx);

            if pct>0.25

                comsuprerimg2333(redIdx) = 1;

            else

                comsuprerimg2333(redIdx) = 0;

            end

        end

        imshow(imoverlay(boundarymask(ImgSqSuperPixles(:,:,proving)),comsuprerimg2333|ImsqBinTresh(:,:,proving)))

        pause(1);

    end

    

    

    for gg = 2 : size(ImgSqIorg,3)-1

        imshow( AdaptiveBIN(:,:,gg) );

    end




















CodeWrittenForSubject/AKMWaterShedMetod.m



PatientOrder = [1 2 4 5 6 7 9];

SessionOrder = [5 4 2 2 5 7 4];

RunAll = 1;





disp(['ImageSequenze number ' num2str(runAll) ' of  ' num2str(length(PatientOrder))]);

PathMain = 'C:\Users\AlexanderKvale\Desktop\Starting Material\TIFF\';

PathSaveTO = 'C:\Users\AlexanderKvale\Desktop\OutputImageMaster\';



NumPatient=PatientOrder(runAll);

NumSession  =SessionOrder(runAll);



%%

%% Image Fecthing

%%

disp('Fetching Original Images');

[ImgSqIorg,NumImg] = AKMfuncGetPatientImages(PathMain,NumPatient, NumSession) ;

[AnnaBackground,AnnoVessels,AnnoFrames] = AKMfuncGetAnnotation(NumPatient, NumSession) ;



%%

%% Preprocssing in spartial domain

%%



%% Homomorphic Filtering

OptionsHomo.Sigma = 25;

OptionsHomo.CenterValue = 0.5;

disp('Performs homomorphic processing and centers them');

[ImgSqHomoImage, ImgSqHomoImageCentered]=AKMfuncHomomorphicCentering(ImgSqIorg,OptionsHomo);





%% Find and subtract median

PicMedianOfHomomorphicImage = median(ImgSqHomoImageCentered,3);

ImgSqHomoImageCenteredMinusMedian = ImgSqHomoImageCentered-PicMedianOfHomomorphicImage+OptionsHomo.CenterValue;



WaterTest = zeros(size(ImgSqIorg,1),size(ImgSqIorg,2),size(ImgSqIorg,3)-1);

WaterBinTest = 0.01 :0.02: 0.21;

for wt = 1: length(WaterBinTest)

    wt

    WaterTestBin = aFuncBinariasation(ImgSqHomoImageCenteredMinusMedian, PicRoughMaskFilled, WaterBinTest(wt) ,0.01, 0.01);

    se = strel('disk',1);

    WaterTestBin = imdilate(WaterTestBin,se);

    WaterTestBin = bwareaopen(WaterTestBin, 20);

    WaterTest = WaterTest+WaterTestBin;

    imshow(WaterTest(:,:,20)./wt);

    

end



for hhh = 1:size(ImgSqIorg,3)-1

    bw =~imsharpen(WaterTest(:,:,hhh))>0;

    D = imsharpen(WaterTest(:,:,hhh));

    D = -D;

    D(~bw) = -Inf;

    L = watershed(D);

    rgb = label2rgb(L,'jet',[.5 .5 .5]);

    imshow(rgb)

    I = rgb2gray(rgb);

    Id = cast(I,'double');

    greatest = Id.*ImsqBin1(:,:,hhh);

    WaterBin = I==mode(nonzeros(greatest));

    TMPimg =imoverlay(ImgSqHomoImageCenteredMinusMedian(:,:,hhh),WaterBin&ImsqBin20(:,:,hhh),'blue');

    imshow(TMPimg)

end









%% Frangi Filtering

% OptionsFangi.FrangiScaleRange = [1 9];

% OptionsFangi.FrangiScaleRatio = 2;

% OptionsFangi.FrangiBetaOne = 5;

% OptionsFangi.FrangiBetaTwo =10000;

% OptionsFangi.BlackWhite = true;

% OptionsFangi.verbose = false;

% ImgSqHomoImageCenteredMinusMedianRecaled = ImgSqHomoImageCenteredMinusMedian.*4-1.5;

%

% disp('Performs frangi procssssing');

% [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

%     AKMfuncFrangiProcessing(ImgSqHomoImageCenteredMinusMedianRecaled,OptionsFangi) ;



% centreertmitdtfrang= ImgSqFrangiImg(:,:,45)./mean(mean(ImgSqFrangiImg(:,:,45)));

% centreertmitdtfrangadj = imadjust(centreertmitdtfrang);

% centreertmitdtfrangadj(centreertmitdtfrangadj<1) =0;

% imshow(centreertmitdtfrangadj);

%

% imshow(centreertmitdtfrang./10)

% imshow(ImgSqFrangiDir(:,:,45)./pi);

%

% imshow(ImgSqFrangiImg(:,:,45)./(max(max(ImgSqFrangiImg(:,:,45)))));



% OptionsFangi.FrangiScaleRange = [1 9];

% OptionsFangi.FrangiScaleRatio = 2;

% OptionsFangi.FrangiBetaOne = 150;

% OptionsFangi.FrangiBetaTwo =10000;

% OptionsFangi.BlackWhite = false;

% OptionsFangi.verbose = false;

%

% disp('Performs frangi procssssing');

% [ImgSqFrangiImg, ImgSqFrangiScale, ImgSqFrangiDir] = ...

%     AKMfuncFrangiProcessing(ImgSqSummedImg,OptionsFangi) ;








