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ABSTRACT

Medical imaging uses techniques or processes which use human body images for
clinical or medical science. Medical imaging has a wide range of applications in the
field of radiology, angiography and angiogram imaging. Nowadays, angiography and
computerized tomography (CT) scans are two common methods that are used by
doctors for the detection of coronary artery stenosis (artery blockage) in medical

imaging.

Most of the detection processes in medical imaging are performed by analyzing
digital images generated through angiography and CT scan processes. Currently most
of the diagnoses are performed by doctors after manual inspection of real time

frames of the video generated by the respective medical imaging systems.

In this thesis we propose to use digital image processing techniques in detection and
categorization of the clogs in the arteries (stenosis/blockage) by using the frames
generated from the X-ray angiography. Utilized image pre-processing methods
includes selecting a line of Interest (LOI) on blocked vessel and further selection of
the region of interest (ROI) on that area, then automatically cropping the region of
interest followed by Gaussian filtering for smoothing. In the post processing, three
alternative methods are proposed to measure the stenosis in the vessel. The first
method applies thresholding to extract the vessel of interest. The extracted vessel is
analyzed for the calculation of the stenosis in percentage. The second method utilizes
segmentation of the vessel tissue over the extracted pixels of ROI. The final method

uses K-means clustering to differentiate between the vessel regions and non-vessel



regions. Among the proposed methods K-means -clustering based method

outperforms the thresholding and segmentation methods.

The performance of the proposed methods is compared with the manually measured
objective results and doctor’s opinion which can be considered a subjective score.
The results indicate that the proposed methods are reliable alternatives to aid the
doctors in deciding reliable stenosis scores. K-means based method produces the best
average performance on the evaluated vessels with stenosis. A new metric,
Maximum Percentage Error Ratio (MPER), in decibels is proposed to indicate the
quality of the decisions regarding the generated stenosis (%) using different methods.

K-means based method generates the highest performance in terms of MPER.

Keywords: Medical image processing, X-ray angiography, angiography imaging,

segmentation, thresholding, K-means clustering, stenosis in heart vessels.



Oz

T1bbi goriintiilemede insan viicuduna ait imgeler farkli teknikler ve siirecler ile klinik
ve tibbi bilim tarafindan kullanilmaktadir. Tibbi goriintiileme radyoloji, anjiografi ve
anjiyogram goriintiileme alaninda genis bir uygulama yelpazesine sahiptir.
Giliniimlizde, anjiyografi ve bilgisayarli tomografi (BT) taramalar1 tibbi
gorlntiillemede koroner damar darli§i (damar tikanikligl) tespiti i¢in doktorlar

tarafindan kullanilan iki yaygin yontemlerdir.

Tibbi goriintiileme algilama siireglerinde genellikle anjiyografi ve BT tarama ile
retilen sayisal goriintiiler analiz edilmektedir. Giiniimiizde, doktorlar muayene
strasinda tani ortaya koyabilmek icin ilgili medikal goriintiileme sistemleri tarafindan

tiretilen video ¢erceve imgelerini kullanmaktadirlar.

Bu tezde, sayisal imge isleme teknikleri kullanarak X-1sin1 kaynakli anjiyografi
imgelerini islenerek damar darlig1 (damar tikanikligy) tespiti ve siniflandirilmasi igin
kullanilmasimi Oneriyoruz. Kullanilan goriintii isleme yOntemleri sirasiyla:
daralmanin olustugu damar iizerinden ilgi ¢izgisinin se¢imi (LOI), bu ¢izgi etrafinda
ilgi alaninin ¢ikarimi (ROI) daha sonra bu bdlgenin kirpilmas:t ile daha sonraki
islemler i¢in 6n islem tamamlanir. Sonraki agsamada, Gauss filtresi kullanilarak bolge
diizgiinlestirilir.  Diizgiinlestirilen imgedeki damar igerisindeki daralmanin
dlgiilebilmesi igin ii¢ farkl1 yontem onerilmektedir. ilk yéntem, ilgi konusu damarin
cikarimi icin esikleme yontemi uygulamaktadir. Cikarilan damar imgesi analiz
edilerek damar daralmasi yiizdelik olarak hesaplanmaktadir. Ikinci ydntem ROI

tizerinden esiklenerek ¢ikarilan piksellerin gercek degerlerinin boliitleyerek damar



daralmasini hesaplamaktadir. Onerilen, son ydntemde K-ortalamalar kimeleme
yontemi kullanilarak, bolgeler damar igeren ve damar igermeyen bdlgeler olarak
ikiye ayrilmaktadir. Onerilen yontemler arasinda K-ortalamalar kiimeleme tabanli

yontem, esikleme ve segmentasyon tabanli yontemleri geride birakmaktadir.

Onerilen yontemlerin performansi, elle 6l¢iilmiis objektif sonuclar ve siibjektif
Olctim olarak kabul edilebilir doktor goriisii ile karsilagtirilmaktadir. Sonuglar
Onerilen yontemlerin damar darlig1 tespitinde karar asamasinda doktorlara yardime1
olabilecek giivenilir alternatifler olusturdugunu goéstermektedir. K-ortalamalar bazli
yontem daralma bulunan damarlardaki darlik Olgiimiinde en iyi performansi
gostermektedir.  Farkli yontemlerle hesaplanan darlik yiizdelerinin (%) ne kadar
saglikli oldugunu ortaya ¢ikarabilmek icin decibel olarak 6l¢iilen, Maksimum Yiizde
Hata Oran1 (MPER), diye adlandirdigimiz yeni bir metrik onerilmistir. K-ortalamalar

temelli yontem MPER acisindan en yiiksek performansi gostermektedir.

Anahtar Kelimeler: Tibbi Imge isleme, X-151mm1 anjiyografi, anjiyografi
goriintlileme, bdliitleme, esikleme, K-ortalamalar kiimeleme, kalp damarlarinda

darlik.
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Chapter 1

INTRODUCTION

1.1 Background

Research in medical databases like images is a breathtaking research area that needs
an alliance among technical engineering and biomedical engineering. Recording and
measurement techniques are not firstly designed to yield images like, Magneto
encephalography, Electrocardiography, and others, output the data is sensitive to be
shown as a time or maps versus parameter graph which include the measured
positions of where we assumed it as appearances of medical imaging in a limited
sense. Generally medical imaging is equivalent to radiology and the person who’s

responsible for interpreting the patient images is called a radiologist.

Beside medical physics and biomedical engineering, medical imaging is a field of
scientific research depending on the context: Development and any research in the
area of modeling, instrumentation, image acquisition and definition are usually to
preserve of biomedical engineering, medical physics, and computer science.
Application of the medical imaging is almost to produce the image of the internal

sides of human body [1].

Basically scientists are usually seen the medical imaging as the out of inverse
mathematic problems and it means inferred from effect. In the ultrasonography

procedure the probe includes of ultrasonic pressure waves and echoes inside the body



tissue show the internal structure and for the radiography projection, the probe is X-

ray radiation which is absorbed in different tissue types such as bone, muscle and fat

at different rates [2].
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Figure 1.1: Reciprocal relationship overview among medical or clinic applications.

In Figure 1.1, a block diagram illustrating mutual relationship between clinical
applications is given. You can see the way of describing the imaging modality, and
evaluation of coronary artery stenosis in figure. Measurement of the evaluation of

coronary artery stenosis is the central issue in this figure in a clinical setting.



1.2 Cardiac Imaging

Cardiac imaging is an indispensable gadget in determining the evaluation of coronary
stenosis. In medical imaging for detection and the evaluation of coronary artery
disease cardiac imaging is the method to choice and the most important reason for
choosing this method is the relatively non-invasive of cardiac imaging. Even in X-
ray angiography the most invasive cardiac imaging condition is to be choosing over

excising a possible coronary lesion during cardiac surgery.

Employing an intravascular approach instead of surgery for non-imaging

measurement methods still require cardiac imaging to set the arterial lesion [3].
1.3 Stenosis

In medical science, stenosis is a narrowing of the inner surface of the artery or valve,
usually caused by atherosclerosis. Meanwhile, we have two important case of
stenosis for discussion first is aortic stenosis and the second one is carotid stenosis

where the doctors are normally assuming the type of stenosis for further evaluation.

e First, Aortic stenosis is kind of diseases which causes narrowing in the aortic
valve, and it cause problem during the carry out the delivery blood from the
heart to the body.

e Second, Carotid artery disease stenosis is kind of diseases which it cause to
the narrowing of the carotid arteries, and this kind of narrowing is usually
caused by the providers of fatty material and cholesterol deposits on inner
surface and it called plague. And it’s important to know that carotid artery

occlusion refers to complete blockage of the artery [4].



Imaging modality needs to be fast to measure cardiac function because the
measurement of flow and influx requires a combination of high temporal resolutions
and high spatial [5].

1.4 X-Ray Angiography

X-ray angiography is a medical imaging technique which images are taken to
visualize the blood-filled areas of the body and it should be noted that these areas
include various arteries or veins, which all are located throughout the body and also
the chambers of the heart. The angiography is derived from the Greek words to
record and for vessel. In most cases, the individual procedures needed to yield a

modern angiogram for other purposes within developing a first model [6].
1.5 Heart Catheterization

In Cardiac catheterization procedure doctor’s inserted a tube directly into the arteries
pervasive the heart, and a substance is directly put into the blood which contrasts
with the tissue of the heart. Blood flow in the vessels encompassing the heart can
then easily be seen. During the catheterization process, the catheter is injected into
the body at a distant site and usually the wire and the femoral artery is threaded up
the arterial system to the heart where the dye is presented. This catheterization
procedure is still used today and makes getting an angiography much safer as no
sharp object needs to be introduced near the neither heart nor does it need to remain
inside any vessel [7].

1.6 Thesis objectives

In this thesis, we propose to use three image processing methods for detection of
vessels blockage in cardiac angiography images. Following the extraction of ROI,
the cropped ROI goes through smoothing filter. Filter responses (smoothing) are

combined and in this context the main objectives are:

4



Analyzing the ROI after thresholding for the calculation of stenosis (vessel
blockage).

Applying segmentation on the thresholded pixels to be evaluated in the
process of calculation of the percentage of that vessel blockage.

Using K-means clustering method for the separation of vessel regions from
the non-vessel regions for the calculation of the percentage of that vessel
blockage.

Comparing the generated results of proposed methods with doctor’s opinion

and manual measurement.

1.7 Thesis contributions

In this thesis, we developed and proposed three methods for the detection of stenosis

of vessels in heart cardiac angiography images. This developed method includes the

following three main image processing techniques:

Image thresholding is used over the preprocessed vessel images, where the
vessel pixels are separated from the background for further analysis to
determine stenosis in percentage.

Segmentation of the actual pixel values in the thresholded vessel regions is
utilized for improved calculation of the stenosis.

K-means clustering is used as a strong alternative to separate the vessel pixels
from the background. K-means based method provides a better separation of
the vessel pixels and hence the performance of the calculated stenosis is
higher.

A new metric in decibels, Maximum Percentage to Noise Ratio (MPER), is
developed showing the reliability of the calculated results by reference to the

manually segmented ground truth.



1.8 Thesis overview

Chapter one as an introduction that includes brief review of medical imaging and
explaining main problem in cardiac images with explanation about medical
background. Current methods used by the doctors for the detection of stenosis are
already given; furthermore it includes description and application of x-ray
angiography. Chapter two gives the definition of image segmentation, segmentation
applications in medical image processing. Clustering and edge detection techniques
and their relationships to segmentation are also given. Chapter three is discussing
about clustering based segmentation technique and K-means clustering algorithms.
In Chapter four the proposed stenosis detection methods are introduced and
explained. Chapter five describes all kind of vessel and heart diseases with some
clinical database. The images with stenosis go through the proposed methods and the
obtained results are compared with the manually measured results and doctor’s
opinion. The comparison between considered methods have been observed and
shown in tables and charts. Finally in chapter six we present our conclusions based

on the experimental results and suggest alternative directions in future works.



Chapter 2

IMAGE SEGMENTATION

2.1 Introduction

In image processing field, segmentation requires in image analysis problems for
detecting the objects and divides the image into regions such as motion, color,
texture, etc. The important goal of image segmentation is to division an image into
significant regions with respect to a particular application and it need to say that the
segmentation is almost based on measurements which it taken from the image and

might be color, grey level, texture, depth or motion and etc. [8].
2.2 Image Segmentation

Image segmentation is the one of the first step in image analysis and pattern
recognition in the field of image processing and it is important and its necessary part
of image analysis system, and which is one of the most difficult tasks in image

processing that, determines the quality of the final result of analysis.

It should be noted that image segmentation method is the process which it divides an
image into different regions and where each region is homogeneous. For more

understanding we categorized Image segmentation methods as follows [9]:

1. First type is histogram thresholding and in this kind of segmentation we

assumes that the images are compounded of regions with different gray



ranges, and detaches it into a number of peaks, each corresponding to one
region.

The second type is edge-based approaches where these kinds of segmentation
normally use edge detection operators such as sobel, prewitt, laplacian for
example and resulting regions may not be connected so edges need to be
joined.

The third one is region based approaches which it based on likeness of
regional image data and some of the most common and widely used
approaches in this category include thresholding, region growing, clustering,
merging and splitting.

The forth one is hybrid which in this one we consider both edges and regions

on image [10].
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Figure 2.1: Heart Coronary vessel segmentation [11].



In Figure 2.1 you can see CT scan coronary angiography, Segmentation of coronary
arteries and flow simulation for Semiautomatic and automatic segmentation of the
aorta and development of where computer aided diagnosis tools for vessel wall

analysis.

For processing in Figure 2.2 to remove the noise, we apply an adaptive filter, called
wiener filter, while for the edges detection in both the views, a Laplacian of Gaussian

filtering [2, 3] procedure is computed.

’ : - a \*
o

Figure 2.2: Left Cornary artery and its left marginal secondary branch before and
after [12].

In Figure 2.2 where you can see Image selection of two pair of images about the left
coronary artery and it’s left marginal secondary branch before (PRE) and after

(POST) the surgical intervention.



View 2

POST

Figure 2.3: Outcome of image enhancement and segmentatlon procedure [13].

In Figure 2.3 obviously you can see results of the image enhancement and
segmentation procedure of the two selected images before (PRE) and after (POST)
the surgical intervention. The profile of the lumen contours are changed due the
restoration of the lumen patency after the surgical procedure. So we can say that the
result of the image processing is depicted both for the image acquired before the
percutaneous coronary intervention and after the procedure to detect the success rate

of the surgery, which is important in the clinical practice [14].
2.3 Image Segmentation by Clustering

Clustering can be regarded as a grading technique where given a vector of N
measurements explaining each pixel or group of pixels in an image, a similarity of
the measurement vectors and therefore their clustering in the N-dimensional
measurement space implies similarity of the mean pixel groups or corresponding
pixels. So we can say that, clustering in the case of measurement space may be a
showing of similarity of image regions, and may be it can be used for segmentation

purposes [15].

10



The vector of measurements describes some useful image feature and thus is also
known as a feature vector. Similarity between pixels or image regions implies

clustering in the feature space.

In Figure 2.4 we can see on sample of clustering which is called fuzzy clustering by

using level set segmentation integrating spatial on brain angiography.

We will discuss clearly in chapter 3 about most of the clustering techniques.

2.4 Image Segmentation by Thresholding

Technically thresholding method is the easiest method where it is one cases of image
segmentation method and from any gray scale images, thresholding method can be
apply to produce using histogram statistics or converting an input gray scale image to
single threshold image to produce a binary image. In image processing, techniques

like thresholding method is normally used to split an image into smaller segments
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and using at least one grayscale value or color is enough to define their boundary. A
conceivable threshold image might be have 40% gray in a grayscale image it means
that all pixels being darker than 40% gray belong to one segment, and others to the

second segment [17].

The main difficulties associated with thresholding such as in documents occur when
the associated noise process is non-stationary, correlated and non-Gaussian. Other
factors complicating thresholding operation are ambient illumination, variance of
gray levels within the object and the background, inadequate contrast, object shape
and size non-commensurate with the scene [18].

h(i)
2500

2000 ¥

1500 ¢

1000 ¢

500 4

0

0 50 100 150 200 250

Figure 2.5: Segmentation based on histogram [19].

In Figure 2.5 we can understand segmentation based on histogram by looking at the
picks of low noise object or background image. There is a clear valley between 2

peaks.

Suppose g(x,y) is an image, and it has been segmented in 2 classes to applying a

gray space threshold T then
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(L if gxy)>T
f(x'y)_{o if gl,y)<T 1)

Where f(x,y)a 2 class’s segmented image with gray scales binary is in 1 and 0 and

T is referring to the threshold which it almost carried out from histogram [20].
2.5 Image Segmentation by Edge Detection

Edge detection techniques is one of the image processing techniques which basically
it’s convert a images to edge images using variations of gray tones in the images. As
a conclusion of this change, edge image is received without having any changes in
physical qualities of the original image. The purpose of segmentation is to extract
favorable properties of an original image to the form of edges which they have

important trait for an image to even carry the high frequency. [21].

Major difficulties in edge detection are edge localization and missing computational
period with true edges. To attain excellence resolution with less noise for the image
operators, the big deal is to describe suitable value to the threshold. In image
processing we have three types of edges which include: 1) step edges, 2) smooth

edges 3) Roof edges and each of these steps have own Property.

Figure 2.6: Original image [22].
13



Figure 2.7: Using ede detection [22].

Figure 2.6 (original brain image) scan you can see the brain bonny side and other
side of it where we want to separate these two side from each other in image, in
Figure 2.7 which is Magnitude of the Marr-Hildreth edge detection using the filter
ask from 5x5 mask approximating an LOG, where it can be clearly seen that noise in

right image is significantly enhanced [23].
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Chapter 3

CLUSTERING BASED SEGMENTATION

3.1 Introduction

Clustering in image processing is the grouping together of pixels from an image,
depending on calculated similarity between them. Clustering can be often defined as
a non-coherent design of pixels. The color image data is naturally clustered in three-
dimensional color space (RGB). All dominant colors in the image create dense
clusters in the color space. Figure 3.1 provides a good illustration of the pixel
clouds in RGB color space. Many color clustering techniques have been proposed
in the past. Bellow, we shortly describe three classical and two less popular
clustering techniques suitable for performing of color image segmentation. All these

techniques are iterative [24].

Figure 3.1: Simple Color Image [25].
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In the first step of procedure a fixed number of clusters and first cluster centers in
color space are picked. The main idea is the modification the positions of cluster
centers so long as the sum of distances between all points of clusters and their cluster
centers will be minimum. During these modifications all points areal located to

closest cluster centers usinga metric.

The most typical used metrics are: the City Block metric and the Euclidean distance.
After each allocation a new positions of cluster centers are computed as arithmetical
means or medians. The procedure stops if the difference between new and old
positions is too small. A disadvantage of k-means technique is need of initial
determination the number of clusters and positions of their centers [26].

3.1.1 K-means Clustering Algorithm

Application of the K-means is to segment the image to K clusters and the procedure
include of some steps to separate information of input image in to the absolute
number of clusters. It should be noted that, in K-means techniques different locations

cause different results.

For using K-means method first of all you need to get points one by one depending
to the data. At the end, a primary group age appears out and it requires calculating

the new K [27].

Figure 3.2: Histogram Based K-means clusters in different color spaces [28].
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In Figure 3.2 you can see that when k becomes newer calculation has to be done

between new closest and pervious data set points.

K-Means is a method to prepare a categorization of all data based on its own
information and this categorization is depending on analysis between numeric values
from data. So the algorithm automatically will prepare an independent categorization
sans human supervision. Commonly the K-means algorithm can works with

continuously samples; however it can behave like discrete data. [29].

The k-means method makes a collation between each value of the line to produce the
clusters and classify the samples where the line based on distance mesures.
Technically, k-means method uses the Euclidian distance to calculate how far the
attribute of the pattern is from each other and how to evaluate this distance depends
on how many properties exist from the provided table. After the calculation of the
distances, the algorithm computes the centroid for each one of the clusters. While the
algorithm goes through each step, the value of each centroid is recomputed based on
the mean of the values of each attribute of each pattern that belongs to this centroid.
Thus, the algorithm results with k centroids and put the patterns of the table in

accordance to its distance of centroids [30].

I will present K-means process at the following steps to show that how the algorithm
works
e Step 1: start with a decision on the value of k like taking the first k samples
of the table and dedicate each of remaining (N-k) samples to the cluster.
e Step 2: Create a distance matrix between each the centroids and pattern
where difficulty of this step is the heavy calculation, it means that when we
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have N samples and k centroids then the algorithm will have to evaluate NxK
distances.

e Step 3: Put each sample in the cluster with the nearest centroid and if the
sample is not in the cluster with the closest centroid, then switch this sample
to that cluster.

e Step 4: Update the new k centroids for each cluster where the updated
location will be a centroid.

e Step 5: Repeat until the isotropy condition satisfied [31].

In Figure 3.3 shows the all explained steps in the form of diagram.
/ Number of Cluster /

Centroid

Distance Object to No Object

Centroids Move

Group?

Grouping Based on

minimum distance

Figure 3.3: Block diagram of K-means process [32].
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3.1.2 Clustering Process

e Step 1: Input image is taken in the form of pixels then transformed in the
form of RGB.

e Step 2: Similar data are grouped together like point which has same color and
information with using clustering method like K-means method where you

can see in the chart.

Following block diagram in Figure 3.4 shows a typical clustering process in

segmentation:

Segment Cy;

Cluster C, :
Segment Cyy,
_ Transformation .
Input image _ Clustering in !
————3| into feature !
feature space !
space |
Segment C,
Cluster C, :

Segment C.p,

Figure 3.4: Flow-chart of an image segmentation method.

Figures 3.5 shows and example of original input image and the respective segmented

images where in Figure 3.6(a) image segmented with 4 clusters and in Figure 3.6(b)

image segmented with 6 clusters.
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Figure 3.6: a) Image segmented with 4 clusters, b) Segmented with 6 Iusters[33].
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Chapter 4

PROPOSED STENOSIS DETECTION TECHNIQUES

4.1 Introduction

A new image processing procedure enabling the semi-automatic detection and
measurement of coronary artery stenosis by using angiography images is proposed
by using computer image processing techniques in the following pre and post

processing.

Pre-processing:

e Manually drawing the Line of interest (LOI) through the vessel blockage.

e Region of interest (ROI) is extracted around LOI after normalization.

e Gaussian low pass filter is used to provide smoothing in ROI.

Post-processing:

e Method 1: Thresholding method is used on filtered image.

e Method 2: Segmentation method is used by multiplying the filtered image
and thresholded image.

e Method 3: K-Means method is used on filtered image.

These three methods facilitate the detection of stenotic lesions from coronary

angiograms.
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4.2 Step by Step Description of the Pre-Processing

In this part we describe each part of the pre-processing procedure which is applied at

the initial stage of the proposed methods.

The pre-processing involves the following 3 steps:

e Firstly, after visual inspection, the section of the vessel which is to be
analyzed for stenosis measurement is selected by drawing a LOI between the
two points chosen. The two points are centered at narrowest side of clogged
vessel, and we need to keep distance before and after clogged part with
normal size of vessel.

e Secondly, after rotation normalization, region of interest (ROI) containing
clogged part of the vessel is extracted by cropping.

e Thirdly, the extracted region of interest which corresponds to a small section
of the entire image, needs smoothing to get rid of embedded noise and blocky
artifacts. This process is important, since the quality and resolution can affect

further processing.

The proposed methods a common pre-processing process stated above and 3
different post processing. In summary, in the pre-processing the following steps are
taken:

e Line of Interest (LOI).

e Region of Interest (ROI).

e Gaussian Smoothing filter.
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Figure 5.1 shows the system diagram for pre-processing.

Manually select LOI

calculate Angle 0

Y
Rotate by 0

Extract ROI (Cropping)

A4
Gaussian Smoothing Filter

Figure 4.1: Pre-processing System diagram.

4.2.1 Line of Interest (LOI)

The process starts by drawing a line of interest (LOI) on blocked area of the vessel.
LOI is important, since is forms a foundation to the extraction of the region interest
in the next stage. Selection of LOI helps us to focus exactly on blocked area to find
the suitable location for stenosis detection. It is important that two sides of selected

points for LOI to be approximately the same distance from the center of the line.

Once image displayed and appears on your screen, you the graphical user interface of
the program allow you to draw a line through the blocked vessel by locating two
points using mouse. While carrying out this procedure, it is important to have the

midpoint of the blockage of the vessel to be around the center of the LOI.

You can see on Figures 5.2 where we start by clicking from right side. It is

recommended to start this procedure by ascertaining the direction of blood flow then
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start drawing from that point, nevertheless keep in mind that images vary so you

need to ascertain direction of blood flow.

Let P,(x,y) and P,(x,y), to be the begining and ending points of selected LOI. In

Figure 5.2 you can see line P; (x, y) on vessel.

Figue 4.2: Starting point for LOI.

So if we look clearly at Figure 5.2 the P; shows the starting point on mid part
between blockage point and normal size of the vessel, thus we need to draw as the

same form on the side of the blockage point.
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So for selecting the second point on the blockage vessel as we described before, we
consider the mid diameter of normal side of vessel then click that point to get figure,

and you can see in Figure 5.3 how P, (x, y) is selected.

Figure 4.3: Ending point for LOI.

4.2.2 Region of Interest (ROI)

After selecting LOI, we semi-automatically draw our rectangular box around the
LOI. A rectangle is automatically drawn by assuming that P, (x,y) and P,(x,y) are
the left upper and right lower corners of the rectangle respectively. We can see in
Figure 5.4, the captured image shows selecting semi-automatically region of interest

in actual size, the black arrow shows the exact clogged area.
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Figure 4.4: Capturing Region of Interest and Line of Interest together.

4.2.3 Rotation Normalization
After extracting the LOI and a rectangle around it, we calculate the angle that would
rotate the LOI to be rotationally normalized, where the LOI becomes horizontally

oriented. The angle of the required rotation, @, can be calculated as follows:

— -1Y27Y

Xp—x1
Where:

y, = Vertical Position of P,(x, y)

y,= Vertical Position of P; (x, y)

x,= Horizontal Position of P,(x, y)

x1= Horizontal Position of P, (x,y)
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In Figure 5.5 we can see the normalized angio image with LOI in horizontal

orientation.

Figure 4.5: Rotationally Normalized LOI.

4.2.4 Cropping the ROI

Rotation normalization is followed by cropping a rectangle around the LOI which
approximately centers the clogged vessel that we need to analyze. This rectangular
region, which we refer to as the region of interest (ROI) contains the vessel image
that we will use in the post-processing. The width of the rectangle is equal to the
width of the LOI and the height is chosen such that it encapsulates the vessel that is

being studied. The following steps are undertaken in the process of cropping ROI:
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e After normalization crop the ROI by using an area above and below of LOI
such that the size of the cropped region in nxm pixels where n is the length of

LOI in pixels and m is selected to be 30 pixels.

Figure 5.6 illustrates the LOI and the cropped ROI at the right bottom of the image.

Figure 4.6: Angio image analyzed and the cropped ROI.

4.2.5 Smoothing - Gaussian filtering
Gaussian smoothing filter has an impulse response as the Gaussian function. The

filtering process is a convolution by the surface image and filter image.
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Figure 4.7: Gaussian filter in 2D.

The impulse response of 1-D Gaussian filter given by

flx) = \Ee“”‘ (5.1)

Frequency response is also given by

2 f2

fl@) =e a (5.2)

So the equations also can be represented with standard deviation as parameter

[0 = e (5.3)
Also frequency response is given by
flg) =e *r (5.4)
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So with writingain the function form of &, and almost with two equations

for £ (g) and in the function form of ¢ including two equations for f(x) it shown that
as the result of the standard deviation in the frequency domain and for standard

deviation is given by

8.6, =— (5.5)

In above equation the form of standard deviations is represented in their own
physical units where the time is referred in seconds and frequency in hertz.

In 2D form Gaussians the result

1 _x%+4y?

foy) =—e 2& (5.6)

It needs to be explained that, y is the distance from origin in the vertical axis and X is
the distance from origin in the horizontal axis, and ¢ is the standard deviation of the

Gaussian distribution [34].

After understanding the concept of Gaussian-smoothing filter we can apply this filter

on our cropped image, since the cropped image has noise and blocky artifacts.
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Cropped ROI Filtered ROI

Figure 4.8: Before and after Smoothing filter.

In Figure 5.8 you can see the differences between before and after Gaussian filtering.

In filtered image we can better separate the vessel from image.

After completing the pre-processing we can introduce the following three post-
processing approaches to be used within the proposed methods. In the post
processing the following approaches are utilized:

e Thresholding

e Segmentation

e K-Means Clustering
4.2.6 Proposed Thresholding Method
Basically thresholding method is kind of the methods where it approaches generally
used in segmentation methods.

e Thresholding method is one of the most important approaches for image

segmentation.
¢ In thresholding method, totally pixels are alike grouped together and even in

the form of gray scale.
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e Thresholding can be seen as an function that involves tests versus a function

T of the form

T = T[X, Y, (p(x' y)rf(xr y)] (57)

e Where p(X, y) refers some property of the point such as f(x, y) is the gray level

at the point (x, y) and the average gray level of a neighborhood centered on

(x, y) [35].

e Threshold image is defined as

(Lif fey)>T (5.8)
900 =yt feyy <7

In above equation the pixels labeled as 1 correspond to objects, and the pixels labeled

as 0 correspond to the background [36].

We start to apply thresholding technique on our system and basically we can perform
thresholding based on the mean of the pixels in the ROI. Complete block diagram of

the thresholding method is given in Figure 5.9 below.
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Figure 4.9: Proposed thresholding system diagram.

In Figure 5.9, first we need to select our line of interest then after that our region of
interest (ROI) will appear automatically, for better vision we do some smoothing
filter on cropped image where it is selected from region of interest, so for further
processing of diagram it is obvious that how thresholding method can apply.
Remember that the important part for evaluation of stenosis by thresholding method
to find with thresholding based on all region of interest, because we need to calculate
number of black pixel where it is located inside of vessel and it necessary that the

black part never mix with the white side of region of interest because it will give a
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wrong percentage of blockage in this method. In the final part of system diagram you
can see the formula where it shows that how a mathematical and standard formula

will do calculation of stenosis according to the vessel diameter.

Ds is the diameter of the stenosis portion of the lesion, it is important to also need to
be careful about line of interest to passed from inside of blocked area, this

corresponds to the minimum in middle area of the ROI.

Dn is normal vessel diameter where this one needs to be selected in the mid part of

normal sized vessel.

In Figure 5.10 you can see the image showing the effect of thresholding method.

Stenosis = %

The Mean ROI

Figure 4.10: Thresholded cropped and smoothed image.

4.2.7 Proposed Segmentation Method

In our last method for evaluating a percentage of blocked artery and according to the
method it is obvious that the results are almost better than both thresholding and
doctor evaluation method, however it is not good enough as clustering (K-Means)

method so it can be our second choices for detection.
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For clearly understanding we start to explain with our block diagram:

Manually select LOI

!
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!

Pre-processing

\ 4
Extract ROI

v
Gaussian Smoothing Filter

|
|
|
|
|
|
|
|
|
|
i
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;
|
|
|
|
|
|
|
|
|
|

Thresholding Filtered ROI
based on all ROI

Segmented region

: 4 ¥
Post-processing Calculate Calculate
maximum minimum
diameter, Dn diameter, Ds

\/

Calculate Stenosis % = [1 —( % ) ]x 100

Figure 4.11: Segmentation method system diagram.

It is obvious that in Figure 5.14 first we should select our line of interest then after
selecting line of interest our region of interest will come after that, and for better

vision we did some smoothing filter on cropped image which it selected from region
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of interest, and for further processing of diagram we can see how segmentation
method can apply. For obtaining a segmented image we did multiplication for
filtered image with threshold image, however in filtered image we don’t have much
noises, but we some unwanted region and for omission of that region we can
multiply to the threshold image. For the final part of system diagram you see the
formula which it is marker a mathematical and standard calculation of stenosis

according to the vessel diameter.

Ds is the diameter of the stenosis portion of the lesion, it is important to also need to

be careful about line of interest to passed from inside of blocked area.

Dn is normal vessel diameter where this one needs to select in the mid part of

normal sized vessel.

In Figure 5.15 you see the image showing the effect of segmentation method after
applying, and it is pretty obvious that we don’t have much unwanted area in image,
so it can be change a little amount of percentage for our system calculation to obtain
the closest percentage of stenosis according to the manual method for further

discussion.
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Stenosis = %

Filtered ROI Thresholded image Segmentation

Figure 4.12: Segmented image process.

4.2.8 Proposed Clustering (K-means) based Method
K-means (clustering) method is a repeated technique that is used to division an image

into K clusters, and the basic algorithm follows by

e Pick randomly or based on some exploratory, K cluster centers
e Assign each pixel in the image to the cluster for minimizing the distance
between the pixel and the cluster center.

e By averaging all of the pixels in the cluster re-compute the cluster centers

In this situation, distance is the absolute difference or squared between a cluster

center and a pixel.

The actual difference is typically based on intensity, pixel color, location, and

texture, or a weighted combination of these factors.

The above algorithm is guaranteed to converge, but it may not return the optimal
solution. The quality of the solution depends on the value of K and the initial set of
clusters [37]. The number of clusters used in this method is chosen to be 4. This is
because 2 darker clusters correspond to blood vessel and the 2 lighter clusters

correspond to non-blood vessels.
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So for our clustering part we assumed darkness side of clustered image as Dn and
brightest of the clustered image as a Ds, and you need know that all part of the
discussion such drawing line of interest until smoothing is same procedure as
previous part. So we can see all part of a discussion in system diagram for clustering

method.

The Figure 5.11 is the process as the same as thresholding part, however until

smoothing.
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Figure 4.13: K-means clustering method system diagram.

38



In Clustering section for our system evaluation of stenosis we start with 1% cluster
which corresponds to very clear blood vessel pixels. 2" cluster corresponds to

second darkest pixels where stenosis is affecting the tone of the respective pixels.

In Figure 5.12 you can see the cluster 1 and cluster 2 on cropped ROI, where in both
images there is some unwanted regions which can cause effect on system stenosis

evaluation according to the manual method.

bn  Cluster 1 Ds Cluster 2

Figure 4.14: Cluster 1 and cluster 2 of the sample ROI.

In Figure 5.13 we used 4 cluster on image, you can see 4 clustered image with
filtered image, which it shows vessel and heart and this shows that we can separate

the vessel part from heart muscle when the catheter is injected.

Stenosis = %

Filtered ROI Dn K-Means Ds

Figure 4.15: 4 Clusters obtained by K-means.
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Ds is the diameter of the stenosis portion of the lesion, it is important to also need to

be careful about line of interest to passed from inside of blocked area.

Dn is normal vessel diameter where this one needs to select in the mid part of
normal sized vessel.
4.2.9 Stenosis Analysis

In Figure 5.16 you see whole system, where we see our proposed system with all of

evaluation cases with methods differences.

Cropped ROI i
Pre pp Filtered ROI

- ‘

Filtered ROI Mean ROI

Method

Post Filtered ROI Thresholded

processing | _ Segmentation
% - Method

Cluster 1 Cluster 2

K-means

Figure 4.16: Complete evaluation system using 3 different methods.

Where for evaluating the percentage of stenosis we use standard mathematical

formula our system and we can describe it like this

(5.9)
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Stenosis Percentage = [1 — (ESZ

—Sl)] x 100

Ds is the diameter of the stenosis portion of the lesion, it is important to also need to

be careful about line of interest to passed from inside of blocked area.

Dn is normal vessel diameter where this one needs to select in the mid part of

normal sized vessel.
4.3 Standard (Manual) Method

In this part we explain the standard method and we give one of our examples to show
how we calculate the stenosis percentage in standard method. And all procedure of

measurement requires working on matlab imtool window.

For calculating the standard method we need to first find the blockage area and then
start to zoom on that part and also we must find the normal diameter of vessel for
measurement, after that the important case is to start measure the stenosis lesion and
this part of vessel must less than normal diameter, if the size for both of them are

become equal, then we don’t have any stenosis.
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In Figure 5.13 you can see that we start to open figure in matlab imtool window.

Figure 4.17: Input example for manual measurement.

In Figure 5.13 even you can see the exact area coordinate for special measurement,

and also you can see that the blocked area is pointed with green circle.

So we start our measurement by normal diameter side, so in figure 5.14 you can see

the initial measurement, meanwhile you need to select measure distance from matlab

tools.
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Figure 4.18: Distance selection from malab tools.

For second step we should zoom from tools and start to zoom on the blocked area

and start to click for drawing on normal diameter vessel.

In Figure 5.15 you can see the clicking point for normal side of the normal inside and

get size of Dn:
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Figure 4.19: Measurement for normal diameter (Dn).

For third step we need to get measurement for stenosis side of vessel so you can see

in Figure 5.16 how is select from matlab.
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Figure 4.20: Measurement for stenosis side of vessel (Ds).
44



Then we need to start calculation manually with standard formula for observing
exact percentage of blockage and the formula is the same formula which we used it

in our detection system.

(5.8)

DSZ
D51

Stenosis % = [1 — ( )] %X 100

Where:

Ds is the diameter of the stenosis portion of the lesion, it is important to also need to

be careful about line of interest to passed from inside of blocked area.

Dn is normal vessel diameter where this one needs to select in the mid part of

normal sized vessel.
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Chapter 5

RESULTS AND DISCUSSIONS

5.1 Introduction

Coronary arteries are kind of artery which carry the blood away from the heart such
as the capillaries, which enable the real exchange of chemicals and water between
the tissues and the blood. Cardiac veins is the vessels that remove the deoxygenated
blood from the heart muscle and these include the great cardiac vein, the middle

cardiac vein, the anterior cardiac veins and the small cardiac vein [38].

The right and left coronary artery when they are healthy they are capable of auto
regulation to maintain coronary blood flow at levels proper to the needs of the heart
muscle. These probably narrow vessels are commonly affected by atherosclerosis

(stenosis) and can become blocked therefore it causing heart attack [39].

Generally the coronary arteries are categorized as end circulation. Since they
represent the only source of blood supply to the myocardium, there is very small

redundant blood supply, which is why blockage of these vessels can be so critical.

In Figure 5.1 you can see the anatomy of human body which we mentioned the name
of all vessel and we separated the vessel which we will discuss about them in each

own respective part.
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Figure 5.1: Anatomy of human heart [40].

5.2 Simulation Methodologies

e In this chapter, | use 4 main vessels for our discussion and even each of this
vessel type include own database.

e For left pulmonary artery | used 6 images where all of them need for surgery
in case of high and medium stenosis diseases.

e All of image size are radiology standard.

In four main part of artery discussion we included our clinical database for
describing the differences of stenosis detection methods in the form of angiographic

frames.
5.3 Left Pulmonary Artery

The left pulmonary artery is divided to the two one for each lobe of the lung, and this
artery is shorter and almost smaller than the right passes horizontally in front of the

descending aorta and left bronchus to the root of the left lung. Above side of left
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pulmonary artery is connected to the concavity of proxical aorta on the left and
superficial part of plexus by ligamentum and in Figure 5.2 you can see the

pulmonary vein by the ligament of the left vena cava [41].

ENTRANGE OF
~VEMA AZYGOS

BRANGH OF PlL-
GNARY ARTERY
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LEFT| LEFT UE:;?Q""Q

VENTRICLE ATRIUM

Sample 1 Sample 2
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The Blockage

Sample 4

Sample 5
Figure 5.3: Clinical test image for Left pulmonary artery.

So we can start our comparison of methods according to the manual method and all
of clinical images are used for these results, however first we need to understand the

concept of mean square error.
5.4 Mean Square Error Analysis of Methods Introduced

The mean squared error (MSE) is one of many ways to quantify the difference
between the true values of the quantity being estimated and values implied by an
estimator. Clearly MSE is a risk function and it almost measures the average of the
squares of the errors, and this error is the quantity by which the value implied by the

estimator and it is differs from the quantity to be estimated. The quantity differences
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occurs because of randomness or because the estimator doesn't calculate for data that

could yield an exact estimate [43].

In an analogy to standard deviation, taking the square root of MSE yields the root-
mean-square error (RMSE) or root-mean-square deviation (RMSD), which has the
same units as the quantity being estimated; for an unbiased estimator, the root-mean-

square error is the square root of the variance, known as the standard deviation.

If Y and Y is the vector of the true values and a vector of n predictions respectively,

then the MSE of the prediction is like this formula

MSE= — 6.1)

5 Zic1 (V- Yi)?

Where Y is vector with true value, and Y is vector, N is start from 1 to .

e It should be noted that we calculated all of errors according to the MSE.

Table 5.1: Evaluation of stenosis for pulmonary artery angiography in 5 samples.

Doctor’s Manual Proposed Proposed Proposed K- means
Samples Opinion Method Threshold Method Segmentation Method(Percentage)
(Percentage) | (Percentage) (Percentage) method (Percentage)
Sample 1 50 52 60 49 54
Sample 2 90-95 79 68 65 83
Sample 3 85 80 89 84 81
Sample 4 50 49 61 59 50
Sample 5 60 51 50 57 57
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We can see MSE results for left pulmonary artery in Figure 5.4. The MSEs are
calculated by using stenosis results from 5 samples with respect to reference results

in column 2. K-means generate the best performance by means of calculated MSE.

MSE Left Pulmonary Artery

[0 0]
=

90.00 -

80.00 70:
70.00 -

60.00 A
45.

50.00 A

40.00 -

30.00

20.00 A 102
10.00 A

0.00 . : . ~—> Methods
Doctor's Oponion Threshold Segmentation K-means

Figure 5.4: MSE for Pulmonary artery in 5 angiographic samples.

5.5 Right Coronary Artery

The right coronary artery is locating above the right cusp of the aortic valve and it
circulates down the right atrioventricular furrow, toward the crux of the heart. It

branches into the right marginal artery and the posterior descending artery [44].
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Figure 5.5: Heart Right Coronary Arteries with posterior descending [45].

You can see our clinical test image for right coronary artery from sample 1 to 5.

Sample 1 Sample 2

g
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~
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Sample 5
Figure 5.6: Clinical test images for Right coronary artery.

Table 5.2: Evaluation of stenosis for Right coronary artery angiography in 5 samples.

Doctor’s Manual Proposed Proposed Proposed K-
samoles Opinion Method Threshold Method | Segmentation method | means Method
P (Percentage) | (Percentage) (Percentage) (Percentage) (Percentage)
Sample 1 80 71 68 69 71
Sample 2 40 47 64 58 47
Sample 3 80 70 70 71 67
Sample 4 85 65 52 46 54
Sample 5 80 76 52 51 67

We can see MSE results for right coronary artery in following chart and it show that

k-means methods give best results:
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Figure 5.7: MSE for Right coronary artery in 5 angiographic samples.

We can see MSE results for right coronary artery in Figure 5.7. The MSEs are
calculated by using stenosis results from 5 samples with respect to reference results
in column 2. K-means generate the best performance by means of calculated MSE.

5.6 Left Anterior Descending Artery

Anterior Descending artery is locating at the left margin of the pulmonary trunk and
it a branch of the left coronary artery. The left anterior descending artery is the one of

commonly affected by disease, mainly atherosclerotic narrowing [46].
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Figure 5.8: Left anterior descending artery with descriptions [47].

Our clinical test images for Left Pulmonary Artery from sample 1 to 6 in below:

Image 1
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Image 3

Image 5 Image 6
Figure 5.9: Clinical test images for Left Anterior Descending Artery.

Table 5.3: Evaluation of stenosis for Left Anterior Descending Artery in 6 samples.

Doctor’s Manual Proposed Proposed Proposed K- means
Samples Opinion Method Threshold Method Segmentation Method
P (Percentage) | (Percentage) (Percentage) method (Percentage) (Percentage)
Sample 1 55 51 31 35 50
Sample 2 70 58 67 59 59
Sample 3 55 56 70 70 56
Sample 4 75 73 76 78 78
Sample 5 61 58 55 58 67
Sample 6 70 63 53 55 60
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We can see MSE results for left anterior descending artery in following chart and it

show that k-means methods gives a best results:

Left Anterior Descending Artery
MSE

140.00

120.00

100.00

80.00

60.00 -

36.9
40.00

20.00 A

0.00 Methods

Doctor's Oponion Threshold Segmentation K-means

Figure 5.10: MSE for Left Anterior Descending artery in 6 angiographic samples.

We can see MSE results for Left Anterior Descending artery in Figure 5.10. The
MSEs are calculated by using stenosis results from 5 samples with respect to
reference results in column 2. K-means generate the best performance by means of

calculated MSE.
5.7 Left Coronary Artery

Left coronary artery is one of significant artery which sometimes human body within
a stress or pressure can feel pain and maybe it cause a heart attack, because left
coronary artery is really sensitive in this occasion and also most of the doctors called

the main artery for left coronary artery. This artery is an artery that arises from the
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aorta above the left cusp of the aortic valve and feeds blood to the left side of the

heart [48].

Figure 5.11: Left and right coronary artery [49].

You can see our clinical images for Left coronary Artery from sample 1 to 4

Image 1 Image 2

Image3 | . Image 4
Figure 5.12: Clinical test images for Left coronary artery.

58



Table 5.4: Evaluation of stenosis for Left coronary artery angiography in 4samples.

Doctor’s Manual Proposed Proposed Proposed K- means
Samples Opinion Method Threshold Method Segmentation Method
P (Percentage) | (Percentage) (Percentage) method (Percentage) (Percentage)
Sample 1 90 88 74 73 82
Sample 2 95 75 73 63 82
Sample 3 85 80 88 95 90
Sample 4 85 85 83 93 90

We can see MSE results for left coronary in following chart and K-means is best:

Left Coronary Artery
MSE

180 1643

160 A

140

120 A

100 A

80 1
60
40 A

20

0 . . . > Methods
Doctor's Oponion Threshold Segmentation K-means

Figure 5.13: MSE for Left coronary artery in 4 angiographic samples.

We can see MSE results for Left coronary artery in Figure 5.13. The MSEs are
calculated by using stenosis results from 5 samples with respect to reference results

in column 2. K-means generate the best performance by means of calculated MSE.
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Now in this part, we collect all results of coronary arteries stenosis in one chart and
this can show us that, after using three images processing techniques for stenosis
detection the K-Means method is the best method and it gives us the best result in

comparing with the manual method.

MSE

250.00 A
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Doctor

150.00

B Threshold

B segmentation
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50.00
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0.00 ' ' ' > category
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Figure 5.14: MSE for All categories of coronary diseases.

5.8 Aortic valve stenosis

The carotid arteries are the closest arteries to the aortic valve that can be felt by the
doctor examining the neck and carry blood from the aorta to the brain. Patients with
very significant aortic stenosis have a lower intensity of the carotid pulse and delayed
up stroke which correlates with the percentage of narrowing. Aortic valve stenosis
causes significant disarray to blood flowing during shrinkage of the left ventricle

resulting in a loud murmur. The loudness of the murmur does not, however, correlate
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with the severity of stenosis. And by the way patients with mild stenosis can have
loud murmurs, while patients with severe stenosis and heart failure may not pump
enough blood to cause much of a murmur [50]. Now we you can see our category in

table 6.5:

Table 5.5: Conventional Stenosis Classification of Doctors Evaluation.

Percentage of disease
Stenosis diseases rate (percentage) Evaluation
Mild Coronary (< 50) Medicine (Drug) treatment is
Stenosis enough
Moderate Coronary (50 -70)
Stenosis Drug treatment and / or Stent
placement
Severe Coronary (>75)
Stenosis Stent placement / by-pass surgery

5.9 Analysis of Mild Coronary Stenosis

Mild coronary stenosis is a kind of disease that causes shortness of breath when
patient go walking or in daily activities like other coronary diseases and it is large
and its complications if not longer he/she go to the doctor and start medication
treatment to Prevent its progression. Mild coronary stenosis is not a sufficient case of
disease for surgery, because the percentage range for this kind of disease is less than
50, but it doesn’t mean that to disregard it and patient needs to refer to the doctor to

start medicine treatment.
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Table 5.6: MSE for Mild coronary stenosis in four methods.

Mild Doctor’s Manual Threshold | Segmentation | K —means
Stenosis Opinion method Method Method Method
diseases | (percentage) | (percentage) | (percentage) | (percentage) | (percentage)

left
pulmonary 50 49 61 59 50
artery

Right
Coronary 40 47 64 58 47

artery

So according to the table we can see all errors in bar chart in below:

MSE

250 1

200

150 A

100 A

50 H

Mild Coronary Stenosis

21

Doctor Opinion

Threshold

Segmentation

-
Methods

K - Means

5.10 Analysis of Moderate Coronary Stenosis

Figure 5.15: MSE for Mild coronary stenosis

Moderate coronary stenosis is a kind of disease which sometimes most of the doctors

give an opinion different from others and they discuss about this result many times.
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Doctor’s variable evaluations can cause a confusion for some patient to trust the

doctor and sometimes some doctors

replacement, but he/she ignore and advise to start medicine treatment.

in such case that vessel need to stent

Variable evaluation in Moderate coronary stenosis only can occur when stenosis

percentage is closed to 55 or 60 percent.

Table 5.7 show Mean square error for moderate stenosis vessel:

Table 5.7: MSE for Moderate stenosis vessels in four methods.

Moderate Doctor’s Manual Threshold | Segmentation | K-means
Stenosis Opinion Method Method Method Method
disease (percentage) | (percentage) | (percentage) | (percentage) | (percentage)
Left
pulmonary 50 52 60 49 54
artery
(2 samples) 60 51 50 57 57
Right 80 71 68 69 71
Coronary
artery 80 70 70 71 67
(3 samples) 85 65 52 46 54
55 51 31 35 50
70 58 67 59 59
Left Anterior 55 56 70 70 56
Descending
(6 samples) 61 58 55 58 67
70 63 53 55 60
Left coronary
artery 95 75 73 63 82
(1 sample)

In above table we collect all data bases for moderate stenosis diseases.
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Figure 5.16: MSE for Moderate coronary stenosis

5.11 Analysis of Severe Coronary Stenosis

If stenosis percentage exceeds the 75 %, then stent placement or medicine treatment

cannot help patient to improve the diseases, and the only way is by-pass surgery to

help heart to blood perfusion to the other coronary vessels.

Table 5.8: MSE for Severe stenosis vessels in four methods.

Severe Stenosi Doctor’s Manual Segmentatio | Thresholding | K —means
di 318 opinion method n method method method
1Seases
(percentage) | (percentage) | (percentage) | (percentage) | (percentage)
Left pulmonary 90-95 79 68 65 83
artery
(2 samples) 85 80 89 84 81
Right Coronary
artery 80
(1 sample) 76 52 51 67
Left Anterior 90 88 74 73 82
descending 85 80 88 95 90
artery
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Figure 5.17: MSE for Severe coronary stenosis

5.12 Maximum Performance Error Ratio

We have developed a new metric, maximum percentage error ratio (MPER), to

evaluate the quality of all methods. MPER can be defined as:

2
MPER = 10 logso(*or) (6.2)

Where maximum performance is assumed to be 100 for maximum percentage and
MSE is the Mean Square Error. The results of MPER are in decibel (dB). A good
quality of stenosis results of a given method is expected to be more than 20 dB,

below this ratio is not the acceptable range for medical discussions.

We calculated our previous results from 4 category and tables and charts can show

corresponding results between methods and all of results are calculated in dB.

In table 5.9 we can see that K-Means method have better quality metric than the
other methods and as mentioned before 20 dB is almost good value.
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Table 5.9: MPER for all kind of coronary diseases.

Doctor’s Thresholding | Segmentation K—Means

Methods method method method method

(dB) (dB) (dB) (dB)
left F;‘::g“r;”ary 23.4294 20.8879 21,5120 29.8970
Righgrctg’rryo”ary 18.9534 16.8058 16.5316 23.6805
Left anterior
asconding 24,3262 18.7900 20.4726 27.2446
Left Coronary | 14 gggq 217393 17.8383 227984
artery

Now we can see all methods results in following bar chart that shows that K-means

have best results for any evaluation with quality more than 20 dB:

MPER(dB)
N
30
24.32
25 +723.43
20 18.95 19.69 Doctor's
B Thresholdin
B Segmentation
15 M K-means
10 A
5 .
0 Different
LPA RCA LAD LCA category

Figure 5.18: MPER calculated in all kind of coronary diseases
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Chapter 6

CONCLUSION AND FUTURE WORK

6.1 Conclusion

In this thesis a K—Means clustering based Angiographic Image Analysis to measure
Coronary Stenosis method in detecting stenosis cardiac angiography images we
apply three main methods, which it is include thresholding method, k-means

clustering method and the segmentation method respectively.

In all part of discussion and evaluation with used the important database for
understanding that the method which gives us the blockage percentage is correct or
not. When we start to use the first method (thresholding), it is clearly had a far
differences between standard evaluation and threshold evaluation. For the second
method (k-mean clustering) we used all database and we got the comparable result
which it is better than other two methods. At the end we used the segmentation
method, but it is not good as k-means method, but most of the time it is better than

thresholding method.

Meanwhile for the results and discussions we also assumed the other methods which
we call it doctor opinion, because it is important to know doctor’s evaluation and we
compared with k-means; however k-means method showed better and ideal rate than

others.
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6.2 Future Work

The proposed method is not fully automatic because the doctor has to select region of

interest manually.

In the future work, we are planning to extent our approach such that the method will
automatically find ROI and process is independent of doctor supervision. Even | will
work on image time intensity graph to further detail in evaluation process.

And the next things that | want to do in the future work is, for instead of apply K-
means in ROI, K-means can be apply to segmented part of ROI. This would help to

reduce the possible error that K-means would make in ROI.

68



[1]

[2]

[3]

[4]

[5]

[6]

[7]

REFERENCES

M. Schrijer, * © Angiographic Image Analysis to Assess the Severity of

Coronary Stenosis,” * Ph.D. thesis, Univ. Twente, May 2002.

“ “ Medical Imaging,’” ’ 2 June 2011. [Online]. Available:

http://en.wikipedia.or-g/wiki/Medical _imaging.

M. Schrijer, * * Angiographic Image Analysis to Assess the Severity of

Coronary Stenosis,” * Ph.D. thesis, Univ. Twente, May 2002.

S. Lundin, R. W. Metcalfe, C. J. Hartley, < * Effect of Severity and
eccentricity of carotid stenosis on pulsatile blood flow,” * in Proc. IEEE Veh.

Technol. Conf., pp. 1311-1312, October 2002.

C. Ahlstrom, © “ Assessment of Suspected Aortic Stenosis by Auto Mutual

Information Analysis of Murmurs,” * in Proc. IEEE Veh. Technol. Conf., pp.

1945-1948, August 2007.

LA

P. Simms, “ ‘ History of Angiogram and Angiography, 21 November
2009. [Online]. Available: http://www.sciences360.com/index.php/history-of-

angi-ograms-and-angiography-12571/.

R. M. Gardner, W. Hoecherl, * “ Instrumentation for Computerized Heart

Catheterization,” ’ in Proc. IEEE Trans. Bio Medical, Vol. 18, no. 1, pp. 60-

69



[8]

[9]

[10]

[11]

[12]

[13]

65, January 1971.

J. Tang, * * A Color Image Segmentation algorithm Based on Region
Growing,” * in Proc. IEEE Trans. Electrical Engineering, Conf., pp. 634-637,
April 2010.

C. Li, Y. Li, X. Wu, “ ‘ Novel Fuzzy C-Means Segmentation Algorithm for

L

Image with the Spatial Neighborhoods, in Proc. IEEE Trans. Engineering,

Conf., pp. 1-6, June 2012.

M. Y. Choong, Y. K. Chin, * * Image segmentation via normalised cuts and

) )

clustering algorithm, in Proc. IEEE Veh. Computing Engineering, Conf.,

pp. 430-435, November 2012.

A. Bautistaa, J. Estornellb, F. Ridoccia, C.J Sorianoa, M. Gudina, J. Vilara, P.
Federicoa, R. Payaa, V. Cerverab, J. A Velascoa, ‘ ‘ Non-Invasive
Assessment of Coronary Artery Bypass Grafts by Computed Tomography:

) )

Comparison With Conventional Coronary Angiography, 3rd International

cardiac society, Vol. 58, no. 7, July 2005.

‘ * Bi-dimensional analysis of angiographic images before and after surgical
intervention’ 17 October 2013. [Online]. Available: http://www2.unipv.it-

/compmech/3dreconstr3.html.

* * Percutaneous Coronary Interventions for the long coronary lesions

70



[14]

[15]

[16]

[17]

[18]

[19]

treatment’ * 27 October 2013. [Online]. Available: http: http://www2.uni-

pv.it/compmech/corinterv.html.

O. R. P.Bellon, A.I. Direne, L. Silva, * * Image segmentation via normalised

) )

cuts and clustering algorithm, in Proc. IEEE Trans. Image Processing,

Conf., Vol. 2, pp. 725-729, October 1999.

F. Z. Kettaf, A. de Beauville, * * A comparison study of image segmentation

L

by clustering techniques, International Conference on Image Processing

(ICIP), Vol. 2, pp. 1280-1283, 14 October 1996.

*  Spatial Fuzzy Clustering and Level Set Segmentation,” * 16 April 2011.
[Online]. Awvailable: http://www.mathworks.com/matlabcentral/fileexchange-

/31068-spatial-fuzzy cl-ustering-and-level-set-segmentation.

M. Bourjandi, * * Image Segmentation Using Thresholding by Local Fuzzy
Entropy-Based Competitive Fuzzy Edge Detection,” ’ in Proc. IEEE Trans.

Electrical Engineering, Conf., Vol. 1, pp. 1522-4880, 24 October 2004.

L. Busin, * © Color space selection for unsupervised color image segmentation
by histogram multi-thresholding,” * International Conference on Image

Processing (ICIP), Vol. 2, pp. 1280-1283, 2004.

““EM image segmentation, ’ 3 May 2006. [Online]. Available:

http://www.ma-thworks.co-m/matlabcentral/fileexchange/10956-em-image-

71



[20]

[21]

[22]

[23]

[24]

[25]

segmentation.

W. N. Lie, * “ Automatic target segmentation by locally adaptive image
thresholding,” * in Proc. IEEE Trans. Image Processing, Conf., VVol. 4, pp.

1057-1071, 6 Augost 2002.

O. R. P. Bellon, * “ New improvements to range image segmentation by edge
detection,” * in Proc. IEEE Veh. Signal Processing, Conf., VVol. 9, pp. 43-45,

February 2002.

« ( )y

Neuroesthetics, 20 September 2008. [Online]. Awvailable:

http://en.wiki-pedia.org/wi-ki/File:OFC.JPG.

J. S. J. Lie, © * Morphological edge detection by successive segmentation for

L

thermal images, IEEE Internasional Conference in Information, Decision

and Control, pp. 365-369, 11 February 2002.

S. Chebbout, O. El Bouaghi, H.F. Merouani, * * Comparative Study of
Clustering Based Colour Image Segmentation Techniques,” = 2012 8th
International Conference on Signal Image Technology and Internet Based

Systems, Vol. 4, pp. 1057-7149, 25 November 2012.

“ “ Color comes in 2 basic flavors CMYK and RGB,” * 10 Maech 2010.

[Online]. Available: http://bpiinc.wordpress.com/2011/11/16/those-pesky-

72



[26]

[27]

[28]

[29]

[30]

[31]

profiles/.

A. Abodpour, S. Kasaei, * * A new FPCA-based fast segmentation method for

) )

color images, in 0zProc. 4th IEEE International Symposium on Signal

Processing and Information Technology, Vol. 4, pp. 72-75, 18 December 2004.

R.V. Patil, K.C. Jondhale, * * Edge based technique to estimate number of
clusters in k-means color image segmentation,” ’ 3rd IEEE International
Conference on Computer Science and Information Technology (ICCSIT), Vol.

2, pp. 117-121, 9 July 2010.

M. Mignotte, * * Segmentation by fusion of histogram-based K-means
clusters in different color spaces,” * IEEE Trans. on Neural Networks, vol. 5,

no. 17, pp. 780-787, May 2008.

M. Mignotte, * * Segmentation by Fusion of Histogram-Based K-Means

L

Clusters in Different Color Spaces, in Proc. IEEE Trans. Image

Processing, Conf., Vol. 17, pp. 780-787, May 2008.

A. A. Z Irani, B. Belaton, * * A K-means Based Generic Segmentation
System,” ’ 6th International Conference on Computer Graphics, Imaging and

Visualization, Vol. 9, pp. 300-307, 11 Augost 2009.

X. Wenzhu, X. Lihong, “ * A novel shot detection algorithm based on

clustering,” * 2nd International Conference on Education Technology and

73



[32]

[33]

[34]

[35]

[35]

Computer (ICETC), Vol. 1, pp. 570-572, 22 June 2010.

C. T. Wei, C. Y. Ling, C. Y. Shao, * “ Fast image segmentation based on K-
Means clustering with histograms in HSV color space,” * IEEE 10th
Workshop on Multimedia Signal Processing, Vol. 4, pp. 322-325, 8 October

2008.

M. Mignotte, * * A label field fusion Bayesian model and its penalized

LA

maximum Rand estimator for image segmentation, IEEE Trans. on Neural

Networks, vol. 3, pp. 447-460, March 2011.

R. Matei, * * Gaussian Shaped Multiband FIR and IIR 2D Filters,” * 14th
IEEE International Conference on Electronics, Circuits and Systems, vol. 3,

pp. 254-257, 11 December 2007.

J. H. Jin, Y. K. Tae, H. H. Gil, J. C. Hyun, * * Comparison of thresholding

LA

methods for breast tumor cell segmentation, Proceedings of 7th
International Workshop on Enterprise networking and Computing in

Healthcare Industry, vol. 1, pp. 392-395, 23 June 2005.

L. Qingwu, H. Chunyuan, * * A New Thresholding Method in Wavelet Packet
Analysis for Image De-noising,” ° Proceedings of the 2006 IEEE
International Conference on Mechatronics and Automation, pp. 734-737, 29

May 2012.

74



[36]

[37]

[38]

[39]

[40]

[41]

[42]

L. Yujun, L. Ting, Y. Sheng, M. Kaikai, * * An improved clustering method

L

based on k-means, 14th IEEE International Conference on Electronics,

Circuits and Systems, vol. 3, pp. 254-257, 11 December 2007.

Q. Jinjian, L. Xuefang, * * A new clustering algorithm based on artificial
immune network and K-means method,” * 6th International Conference on

Natural Computation (ICNC), vol. 6, pp. 2826-2830, 10 August 2010.

R. I. Kakihara, * “* A Noninvasive Alternative to Coronary Angiography:
Myocardial Contrast Echocardiography Following Strain Map as a Gate Way
to Myocardial Contrast Echocardiography Map,” °  3th International

Conference on Cardiology, vol. 5, pp. 74-77, 11 November 2004.

R. Matei, * * Gaussian Shaped Multiband FIR and IIR 2D Filters, * * 14th

IEEE International Conference on Electronics, Circuits and Systems, vol. 3,

pp. 254-257, 11 December 2007.

) )

* “ Coronary circulation, 4 September 2010. [Online]. Available:

http://en.wi-kipedia.or-g/wiki/Coronary_arteries.

«

L. Xuefang, * clustering algorithm based on K-means method,” * 3rd

International Conference on Natural Computation (ICNC), vol. 6, pp. 2826-

2830, 10 August 2010.

“ “ Left pulmonary artery,” * 23 January 2007. [Online]. Available:

75



[43]

[45]

[45]

[46]

[47]

[48]

http://en.wiki-pedia.org/wi-ki/File:Gray504.png.

R. I. Kakihara, ‘ “ Coronary Angiography Maping Method,” *  4th

International Conference on Cardiology, vol. 1, pp. 14-17, 18 June 2008.

*  Cardiovascular replacement Therapy in children,” 5 July 2007. [Online].
Available: http://biomed.brown.edu/Courses/B1108/B1108_2008 Groups/gro-

up09/page%205.html.

“ “ Right marginal branch of right coronary artery,” * 23 January 2007.

[Online]. Available: http://en.wikipedia.org/wiki/File:Gray492.png.

L. Cheng, S. Jing, Y. Zhang, * * A comparison study between CT angiography
with 64-multislice spiral computed tomography and selective X-ray coronary

angiography,” * vol. 1, pp. 969-971, 17 January 2013.

A. Micheau, D. Hoa. (24 August 2008) * * Anatomy of the heart: anatomical
illustrations and structures, 3D model and photographs of dissection,” ’
[Online]. Available: http://www.imaios.com/en/e-Anatomy/Thorax-Abdomen-

Pelvis/Heart-pictures.

Nuno. Antunes, Ana. Meireles, Catarina. Gomes, Miguel. Vieira, Diana. Anjo,

Mario. Santos, Pinheiro. Vieira, lsabel. Sa, Henrique. Carvalho, Severo.

Torres, * * Anomalous origin of the right coronary artery and acute myocardial

76



[49]

[50]

infarction,” ’ vol. 1, pp. 14-17, 18 June 2008.

“f Coronary infrection,” ’ 2009. [Online]. Available:

http://en.wikipedia.org/wi-ki/Coronary-infarction.

D. Sharif, A. Sharif, * * Detection of severe left anterior descending coronary

artery tenosis by transthoracic evaluation of resting coronary flow velocity

dynamics,” * vol. 5, pp. 47-48, Univ. Haifa, 18 June 2008.

77



