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Anzatia 

CouPrbl 2KbIIJlapbl CypeTTepsli KOMINbIOTepJIK AHAJII3 2Kacay KAPKDIH Ab! AMbIT 

KeJle *KaTbip. Mesiunna canacbin la /\arHos KOIO 2Kylieci yuiH KeNTereH KeMeriH 

THII3yY APKbIIbI Kaha JeHretire wpirapzpi. Kasipri Tanga ocbTasbMOJIOPHA 2KOHe 

KapAMOOrMA calacblHya akNapaTrpik waylienep kenTen Ke3jjeceal. ambiran Tex- 

HOJOrHAAp JepirepsepAi 2*KYMbICTapbIH Te37eTIN Kaha KOfimali aypy 2Karafibly 

epTe aHbIKTall, eM Taralibinjayra kemekrecegi. Byst rbivibIMH MakaJlaya Ke3 >KYli- 

eclH Jer KaH TaMbIpJAapbiHbIH, TOMOrpacuAJIbIK CypeTTepik, AepeKKOPbIH KOTana 

OTBIPbIN MallIMHAJIbIK, OKbITYAbIH, AITOPHTMAepivih, AHAJINSI 2WacaIbIHAbI. Benrini 

6ip Mozemb Ai TaHayAblh OipHeme cebenTepiv, OHbIH KacHeTTepin, KeliOip apTbi- 

KIUDIJIDIKTAaPLIH *KOHE MAHbI3AbWUIbIPbIH ecenTey yin KOJI AH bIvIaT bin amicTrep/ 

3eprtesju. Byn seprrey *KYMBICTAPbIIbIH, OaCTbl MaKCaTbI JjopirepJiep ©34epiHiH 

eMACJIYUNMIK, Ke3inix, Kasipri xKaralibiH Tekcepin Kava Kolimali, Haber 2KaHe ane- 

MIsl CHAKTBI Oesrimi 6ip aypy 2yfiesepine JWMarHos KOA aJTybl. 

N
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AHHOTAalMa 

B nocaegune rogbl KOMMbIOTepHbHi alasii3 W306parKcuii pasBuBaeTcs GnicT- 

pbIMi TemMmamu. B o6sjacTH MeANWHHbI Obi BbIABsICH Ha HOBbIIT YPOBCHb OKa3aB 

6oAbIUYIO TOMOMb AVIA JWarnocTuyeckolt cucrembl. Ha cerogHAWHMit jeHb cy- 

WeCTBYCT MHOXKECTBO HHQOPMANMOHHbIX CHCTeM B O6.1aCTH O*TAIbMOJIOPNY 1 

Kapauosorun. Tepenospie TexHosIOruu He TOsIbKO YCKOpsIOT pabory Bpateli, HO 1 

NOMOral0T CBOCBPeMeHHO AMarHOCTHpOBaTb 3abo/1eBaHHe HM Ha3sHayaTb Aeyenne. B 

AanHOH Hay4HO! cTaTbe Obi BbITIOJHeH aHaJIN3 aAJIFOPHTMa MallMHHoro obyueHus 

C HCNOJIb30BaHHeM Oa3bl JAHHbIX TOMOrpaduyeckHx H306paxKeHHlt KPOBEHOCHBIX 

COCYAOB B Ta3HO cucTeme. Bb H38yYeHbI HCNOAb3yYeMble Me€TOAbI JIA pacuera 

H€CKO-AIBKUX TIDPHYHH B WeJIX BbIOOpa KOHKPeTHO! MOAE/M a TAK2KE Me€TObI AJ 

pacieTa ero CBOHCTB H MCTOJbI JIA pacueTa HEKOTOPbIX MpeHMYIICCTB 1 3Haui- 

MocTH. OcHoBHas wen sroro HMCCJI€HOBaHHA COCTOHT B TOM, UTO Bpayl MOryT He 

TO-IbKO IPOBePpHTb Tekyllee COCTOAHHE rla3a NallieHTa, HO HW AWarHOCTHpOBaTb 

ONpcJCJICHH bie saooeBanna, Take Kak Juaber H aHnemMus.
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1. Introduction 

1.1 Motivation 

In recent years, computer image analysis has been developing rapidly. In the field 

of medicine has been identified to a new level that has greatly helped for the diag- 

nostic system. There are many information systems in the field of ophthalmology 

and cardiology. Advanced technologies not only accelerate the work of doctors but 

also help to diagnose the disease in a timely manner and prescribe the treatment. 

In this research paper was carried out an analysis of the machine learning algo- 

rithm using a database of tomographic images of blood vessels in the eye system. 

Were studied the used methods for calculating several reasons in order to select a 

specific model, methods for calculating its properties and advantages. The main 

goal of this research is that doctors can not only check the current condition of 

the patient’s eye but also diagnose certain diseases. such as diabetes and anemia. 

The use of optoacoustics is a relatively young method of medical imaging. 

which is used to diagnose blood vessels, brain activity, skin lesions and breast 

cancer. However, the quality of the images largely depends on the number and 

distribution of sensors used by the device: the more of them, the better the 

image quality. A new approach developed in Zurich can significantly reduce the 

number of sensors without giving up the specified image quality. This allows you 

to reduce the cost of the device, increase the speed of image processing or improve 

diagnostics, 

After discarding most of the sensors, the team of researchers obtained im- 

ages with artifacts-missing bands. Previously trained neural network was able to 

restore image quality to a large extent, close to what it was originally. 

The developed machine learning algorithm has also been successful in improv- 

ing the quality of images that were recorded using just a narrowly defined sector.



This is especially important for clinical use. since laser pulses cannot penetrate 

the entire human body. therefore, the displayed area is usually available in only 

one direction. 

A feature vector was calculated for each pixel, consisting of the pixel intensity 

and the response of the 2D wavelet transform calculated for different scales. A 

classifier based on a model from a combination of Gauss functions was applied 

to each of the pixels to determine the probability of belonging to a vessel. The 

algorithm takes into account local information obtained during the filtering pro- 

cess, but ignores very important information about the shapes and structures 

represented in the image. The method does not work well on images with uneven 

illumination due to false alarms at the edge of the optical disk, hemorrhage, and 

other abnormalities that have a high contrast with the background. A bandpass 

filter is widely used in image processing due to the ability to adjust its spatial 

orientation, the ability to allocate frequencies in two-dimensional space with good 

indicators in the spatial and frequency regions. 

Figure 1.1: Optical coherence tomography B-scan image of normal eye 

There are two main approaches to selecting vessels — vessel segmentation, 

which allows you to seleet the entire vessel tree in one iteration, and vessel track- 

ing (racing). In relation to the development of vascular segmentation algorithms, 

according to the literature. the followine approaches can be distinenished: - Clas



sification of image samples(without training, with training); - consistent filtering; 

- mathematical morphology; - multi-scale approaches; - model-based approaches. 

Figure 1.2: B scan with neurosensory retinal detachment associated subretinal 

fluid 

The use of linear operators as a feature vector and the use of SV M/ to classify 

pixels are proposed in the works. A simple detector based on an estimate of the 

average brightness level along lines of a fixed length passing through the pixel in 

question was applied to the green channel of color images. Then the response 

of the detector was subjected to threshold processing. A detector based on two 

orthogonal lines was also used to create the feature vector, and the classifica- 

tion was carried out using the SVM classifier. Compared to other approaches, 

the algorithm required fewer features for classification, features are very simple 

to calculate, less images were needed for training. The algorithm showed good 

reliability when working on images with uneven illumination and contrast. The 

algorithm also showed acceptable results on images containing vessels with a cen- 

tral reflex. It used a filter obtained from the Gabor filter by rotation in a certain 

number of directions. In order to highlight lines of different widths, it is necessary 

to apply a filter with a different scale. Since these methods are based on already 

classified images, they are usually more effective than other methods. 

In the works, pre-trained neural networks were used to classify vessels. The 

K NN classifier is presented, where each pixel was assigned the probability of its 

belonging to the vessel. Artificial neural networks use weights to determine the 

correspondence between input and output data. They can be configured using a 
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Figure 1.3: Optical coherence tomography cube scan of the macula acquired with 

the device 

training set based on backpropagation networks. The pixels of the window sliding 

across the image were used as input to the network. For each pixel, a feature 

vector was generated based on the pixel intensity values from a window centered 

relative to the classified pixel. To train the network, labeled angiograms were 

used. 

The use of the principal component analysis method of principal component 

analysis to localize the anatomical parts of the retina was demonstrated in the 

work. The method showed good agreement with the marking of an experienced 

ophthalmologist made on the images. 

1.2 Aims and Objectives 

The classifier was applied to images processed by a multi-scale filter to select 

candidates for belonging to the vessel among pixels. The classifier is essentially 

a Bayesian network in which the distribution function for each of the classifi- 

cation parameters is represented as a linear combination of Gaussian functions. 

Approaches based on pixel classification without the use of training search for 

patterns specific to blood vessels in retinal images. These algorithms do not re- 

quire direct use of the training sample. In this paper, we have proposed a method 

for expanding regions based on the analysis of information about the gradient and 

curvature of the field. 

An analysis of the relationships between changes in vascular characteristics 

and various diseases contributes to the timely detection and treatment of diseases 

at an early stage. Automated analysis also finds application in computer laser 

surgery and biometric identification. 

Not surprisingly, with the increasing number of patients and the need to find 
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Figure 1.4: Retinal layer segmentation result of the Optical coherence tomography 
B-scan 

ways to improve the quality of monitoring of vascular systems over the past 20 

years, significant efforts have been made to develop computcr technologies that 

can detect changes in vascular systems. The medical community agrees that 

automatic quantification of vascular systems is the first step in the development 

of computer-based disease diagnosis systems. 

Creating a methodology for digital analysis of vascular systems is impossible 

without solving a number of problems: recognition of vessels in digital images, 

selection of a vascular analysis methodology. Pre-trained neural networks were 

used to classify vessels. The AK NWN classifier is presented, where each pixel was 

assigned the probability of its belonging to a vessel. 
Artificial neural networks use weight coefficients to determine the correspon- 

dence between input and output data. They can be configured using a training 

sample based on error back propagation networks. Pixels of the window sliding 

over the image were used as input data for the network. For each pixel, a fea- 

ture vector was generated based on pixel intensity values from a window centered 

relative to the classified pixel. Marked angiograms were used to train the network. 

The use of the principal component analysis method for localization of anatom- 

ical parts of the retina was demonstrated in the work. The method showed a good 

match with the markings of an experienced ophthalmologist made on the images. 

A diagnostic images analysis is a long and tedious task sinuosity of blood 

vessels, which also requires preparation and skill. Specialists learn to distinguish 

damage to vascular systems from the appearance of vascular systems without 

pathologies. In addition, with this kind of analysis, there is always a subjective 
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factor. which often leads to differences in the diagnoses made by doctors. 

1.3. Thesis Outline 

The thesis provides an overview of the main approaches to digital image analysis of 

human vessels. The algorithm proposed using a two-dimensional filter core based 

on the Gauss function or its derivative for segmentation of vessels. The filter 

profile is designed to best. fit the vessel profile, which is usually in the form of a 

Gauss function or its derivative. The filter core rotates in 15 increments to match 

vessels with different spatial orientations. To get a binary image of vessels, the 

best response of the filter is determined for each pixel, which is then subjected to 

threshold processing. Further, other image processing methods are used to obtain 

segments containing vessels. The approach proved that the width of the vessels 

can be measured based on the amplitude parameters of the filter that gives the 

best response. Measuring the width of vessels allows you not only to estimate 

the size of the vessel, but can also be useful for optimizing the parameters of a 

matched filter. 

Applied a consistent filter, used, improved with an optimizing search proce- 

dure. The optimization procedure was applied on 20 retinal images to determine 

the best parameters of the matched filter, such as the filter size, the standard 

deviation of the Gauss function used to design the filter, and the threshold value. 

The improved filter is more efficient than the standard filter. In this paper, the 

classical matched filter was refined by using the first derivative of the Gauss func- 

tion. This modification was made based on the symmetry of the Gauss-shaped 

section of the vessel relative to its peak, while the boundaries in pathology are not 

symmetrical. The method used two filters: a filter based on the Gauss function 

and a filter based on the first derivative of the Gauss function. In the area of 

maximum vessel intensity, the filter gave a strong response, while the filter gave a 

zero response. In contrast, structures other than vessels, for example, have sharp 

borders. The technique allowed to significantly reduce the number of false posi- 

tives and determine a larger number of thin vessels compared to a conventional 

filter. Mathematical morphology is used as a tool for extracting parts of an image 

that are useful for describing various shapes, such as the borders and skeleton 

of a vessel. Mathematical morphology offers a powerful tool for solving many 
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image processing problems. Morphological operators were used for localization of 

microaneurysms, as well as for vascular segmentation. 

A method based on spatial-scale analysis for estimating the width. size, and 

spatial orientation of blood vessels using two geometric features based on the first 

and second intensity derivatives is presented. This approach provides information 

about the image topology. The boundary points of the vessel are characterized 

by the gradient magnitude in the image, the greatest value change which is ob- 

served in the direction of the corresponding intensity maximum in the region of 

the ridges of the image of greatest field curvature. The maximum gradient value 

and maximum curvature at various image scales were then used in the area ex- 

pansion algorithm. The algorithm was tested on images without a red component 

and fluorescent retinal angiograms aud showed, according to the authors. promis- 

ing results. A modification of this spatial-scale algorithm is made based on the 

observation that the image intensity is proportional to the amount of blood in 

the vessel. Therefore, a diameter-dependent equalization factor was applied to 

multi-scale information. 

The thesis provides an overview of the main approaches of digital analysis of 

images of human blood vessels. The main stages of processing diagnostic images 

are identified, an analysis of various approaches to the isolation and quantification 

of morphological signs of blood vessels is carried out. The collected statistics 

allows you to show which of the approaches was used most often within each of 

the stages. 

A large number of algorithms and incthods for digital analysis of human vas- 

cular systems have been published. Image analysis of vascular systems for the de- 

tection of pathologies comes down to the task of pattern recognition. The process 

of detecting multiple images and their relationships in vascular images involves a. 

number of operations or steps, using low-quality image processing methods that 

allow you to move on to more complex analysis. Digital images of vessels are 

processed using a sequence of algorithms, which may consist of one or more pre- 

processing steps preceding the steps of image segmentation, feature evaluation, 

and classification. Pre-processing can be used to even out the brightness of the 

image, correct. inhomogeneities, suppress noise or eliminate distortion. Segmen- 

tation splits the image into fragments containing individual objects, for example, 

blood vessels, the optic nerve root, or malignant lesions. In the process of cal- 
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culating attributes, numerical information about individual objects obtained by 

seginentation is evaluated. The calculated features can be used to classify objects 

according to predetermined criteria, such as size, structure or color. 

Health Technology Assessment has published a review of digital imaging tech- 

nologies in the field of diabetic retinopathy. Their initial goal was to conduct 

a numerical analysis of various technologies for working with digital diagnostic 

images. The paper notes that they were not able to do this, since digital tech- 

nologies were only at an early stage of their development in this area. The chart 

shows that quite a large number of articles dedicated to evidence-based medicine, 

well-researched medical problem, identified the necessary requirements to tasks 

analysis of digital vessels and conducted numerous studies in this field to link the 

change of morphology of blood vessels major diseases. The diagram also shows 

that most of the researchers ’ efforts are devoted to solving problems of vascular 

system isolation. 

This analysis presents the classification of the main stages of digital analy- 

sis of vascular systems in the problems of diagnostics of vascular pathology and 

classification. For statistical analysis, the literature list of the found articles was 

used as a secondary source. When analyzing the articles, they were categorized 

according to their belonging to different stages of processing diagnostic images of 

vascular systems. In the review articles was reviewed and included the analysis of 

secondary sources. The main stages of the analysis of key features of vessels were 

identified: evidence-based medicine, pre-treatment; localization and segmentation 

of the optic nerve disk; segmentation of vessels: tracing of vessels, evaluation of 

diameters, evaluation of diagnostic signs. The table shows a list of articles related 

to the stages presented in the review in whole or in part. The number of articles 

related to each step in the sequence. 

One of the main issues of modern medicine is to determine the boundaries 

of the normal human phenotype, its variability, and the individual risk threshold 

for disease. This question is particularly relevant when determining the norm in 

children and adolescents. The environment changes rapidly, and the development 

of the child’s body in these conditions can be characterized from the point of view 

of a set of adaptive variants of this human phenotype. Currently, children and 

adolescents with asthenic physique, with impaired posture, increased flexibility of 

the jomts are more common. 
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Thus, in the modern population there is an increasing proportion of children 

and young people with undifferentiated connective tissue dysplasia — according 

to statistics. this figure is from 10 to 80 percent. Increased elasticity of connec- 

tive tissue is useful for" push-button " civilization, but can be dangerous with 

significant physical exertion. 

It should be noted that most adolescents with undifferentiated connective 

tissue dysplasia are workaholics. They study well, attend a lot of additional 

educational programs, and as a result, they work from dawn to dawn. It is known 

that famous representatives with undifferentiated connective tissue dysplasia, such 

as Paganini, who had Marfan syndrome — a disease with pronounced connective 

tissue dysplasia. were distinguished by tremendous performance. It should also be 

noted that undifferentiated connective tissue dysplasia is not a disease, but can be 

a predictor of a number of diseases, including heart. rhythm disorders. emotional 

disorders — asthenia, phobias, agitation, mitral valve prolapse. and many others. 

Often, medical measures are not timely. It is necessary to predict life-threatening 

complications and early detect the presence of connective tissue dysplasia. If 

dysplasia is not detected in time, it may one day lead to collapsoid complications 

during physical activity, for example, during a physical education lesson. 

The first reviews of algorithms for selecting vascular structures in medical 

images can be seen in the works. Recent studies have discussed algorithms for 

automatically diagnosing diabetic retinopathy in retinal images. The review is 

unique in that it presented an analysis and categorization of literature related 

to digital image processing technologies in the field of diabetic retinopathy. and 

focused on algorithms and segmentation methods on two-dimensional color images 

of the retina obtained using fundus cameras. This review is still the best known on 

diabetic retinopathy. The system made it possible to evaluate the width, contrast, 

and direction of blood vessels at each point in the image. The algorithm also used 

the additive noise model, which, together with the assessment. of the parameters 

of the vessel, made it possible to determine the position of the center line of 

the vessel. At first, consistent filtering was used to improve the contrast of the 

vessels, and then a matrix was calculated on the basis of which statistical values 

were determined for the subsequent threshold processing. Threshold processing 

based on local entropy was then applied to segment the vascular system. The 

algorithm used a filter with a different scale based on the second derivative of the 
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Gauss function to the image. and the filter response was used to detect. vessels 

and evaluate their signs. A Gaussian noise model was also used to suppress 

it. Vascular profile and noise distribution models were used together for the 

probabilistic assessment. of vascular parameters. 

One of the main issues of modern medicine is determining the boundaries of 

the normal human phenotype, its variability, and the individual threshold for the 

risk of disease. This issue is especially relevant when determining the norm in 

children and adolescents. 

The environment is rapidly changing, and the development of the child’s body 

in these conditions can be characterized from the perspective of a set of adaptive 

variants of this human phenotype. Currently, children and adolescents of asthenic 

phvsique are more common. with impaired posture and increased joint flexibility. 

Thus, in the modern population, an increasing proportion of children and 

young people with undifferentiated connective tissue dysplasia is noted - according 

to statistics, this indicator is from 10 to 80 percent. The increased elasticity of the 

connective tissue is useful for the “push-button” civilization, but can be dangerous 

with significant physical exertion. 

It should be noted that most adolescents with undifferentiated connective 

tissue dysplasia are workaholics. They study well, attend a lot of additional 

educational programs, and as a result work from dawn to dawn. It is known 

that famous representatives with undifferentiated connective tissue dysplasia. such 

as Paganini, who had Marfan syndrome, a disease with pronounced connective 

tissue dysplasia, were distinguished by tremendous performance. It should also 

be noted that undifferentiated dysplasia of connective tissue is not a disease, but 

it can be a predictor of a number of diseases, including cardiac arrhythmias, 

emotional disturbances - asthenia, phobias, agitation, mitral valve prolapse, and 

many others. Often, treatment is not timely. It is necessary to predict life- 

threatening complications and to detect the presence of connective tissue dysplasia. 

in the early stages. Timely undetected dysplasia can one day lead to collapsoid 

complications during physical activity, for example, at a physical education lesson. 
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2. Preliminaries 

This thesis presents a classification of the main stages of the digital analysis of 

vascular systems in the diagnosis of vascular pathology and classification. The 

algorithm proposed using a two-dimensional filter core based on the Gauss func- 

tion or its derivative for segmentation of vessels. The filter profile is designed to 

best fit the vessel profile, which is usually in the form of a Gauss function or its 

derivative. The filter core rotates in 15 increments to match vessels with different 

spatial orientations. To get a binary image of vessels, the best response of the 

filter is determined for each pixel, which is then subjected to threshold processing. 

Further, other image processing methods are used to obtain segments containing 

vessels. 

For statistical analysis, as a secondary source, a list of references of found ar- 

ticles was used. When analyzing the articles, they were categorized in accordance 

with their belonging to various stages of processing the diagnostic image of vas- 
cular systems. The review examined articles and included analysis of secondary 

sources. The main stages of the analvsis of the key features of the vessels were 

identified: evidence-based medicine, pre-treatment; localization and segmentation 

of the optic disc; vascular segmentation: vascular tracing, assessment of diame- 

ters, assessment of diagnostic features. The table contains a list of articles related 
to the stages presented in the review in whole or in part. The number of articles 

per step in the sequence. 
The thesis focuses only on diabetic retinopathy and includes the analysis of 

such signs of diabetic retinopathy as microaneurysms, small point hemorrhages, 
blood spots, lipid exudates and cotton-like spots, which are essentially microin- 

farctions of the nerve fiber. 
A review of algorithms that mainly focus on vascular extraction in two-dimensional, 

color images of the retina obtained using fundus cameras or fluorescence angiog- 
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raphy is presented, and the emphasis is only on studies related to retinal vascular 

segmentation|1]. 
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3. Methodology 

3.1 Pre-processing 

Two main approaches are used to isolate blood vessels - vascular segmentation, 

which allows you to select the entire vessel tree in one processing step, and ves- 

sel tracking - step-by-step vessel tracing. Segmentation of blood vessels has a 

further division into subcategories. In the literature, the algorithms for distin- 

guishing vascular-like objects in medical images are usually divided into the fol- 

lowing classes: algorithms based on the allocation of the boundaries of the object; 

area growth algorithms; pattern recognition methods; model-based methods; us- 

ing neural networks; object tracking algorithms. The set of vascular extraction 

algorithms is represented by the following six categories: - classification of image 

samples (without training, with training); - consistent filtering; - mathematical 

morphology; - multiscale approaches; - model-based approaches; - tracking and 

tracing of blood vessels. Some of these categories have been further divided into 

subcategorics. 

Pre-processing 
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Figure 3.1: Overview of proposed framework 
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It is shown that automated selection and digital analysis of vascular systems 

can help in the implementation of monitoring systems for diabetic retinopathy 

and senile retinopathy. 

Injuries are manifested in hypertension in elderly people, as well as in people 

who were underweight at birth. According to research, both of these factors are 

associated with frequent morbidity and even death from cardiovascular diseases. 

The paper shows the relationship between changes in the vascular system and 

cardiovascular diseases. 

The system presented the following diagnosis algorithm: 1) Localization of the 

most important areas, such as vessels, optical disc, using segmentation methods. 

2) Search for signs of pathologies, such as venous expansion, excessive vascular 

curvature, etc., using classification. 3) Diagnosis based on identified signs of 

pathology. The system also published its research in the field of medicine, which 

served as a theoretical basis for automatic diagnosis. They noted that retina can 

tell hundreds of diseases, and their system could do 13 different diagnostics based 

on 39 signs of vascular changes. Despite the fact that this system was significantly 

inferior to an expert doctor on diagnostics, at that time it already showed rather 

good results. 

The problem of digital analysis of the vessels of the optic nerve head is ad- 

dressed in publications. The largest number of articles is devoted to the problem 

of localization of the optic nerve head disk and the lesser - to algorithms for 

assessing the signs of the optic nerve head for the diagnosis of pathologies. 

In total. out of all the articles examined, 218 are devoted to the problems of 

vascular isolation, which include segmentation and tracing methods. 

118 articles devoted to evidence-based medicine were reviewed, which is 21 

percent of the total number of articles devoted to the analysis of images of vas- 

cular systems, and shows a great interest of doctors in this field of research. The 

articles in this category prove that the selection of vessels and the assessment 

of their morphological features, such as length, width, tortuosity, branching an- 

gles, etc., can be used for the diagnosis, monitoring, treatment and evaluation of 

various cardiovascular and ophthalmological diseases, such as diabetes, hyperten- 

sion, arteriosclerosis and neovascularization of the vascular membrane. A variety 

of research in this arca is also demonstrated. The authors actively use numeri- 

cal measurements of vascular systems as auxiliary tools to study the relationship 
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between changes in vascular structure aud various diseases. 

Numerous studies in the field of vascular pathology diagnostics are focused 

on the recognition of retinal images as the first step in the construction of auto- 

mated vascular diagnostic systems. The most significant areas of the retina are 

the optical disc, fovea and the vascular system of the retina. Identification of 

these areas will help specialists in identifying diseases that affect these areas in 

the first. place. This is glaucoma, which causes the expansion of the optic disc, hy- 

pertension, which makes the vessels more convoluted, diabetic retinopathy, which 

can cause the growth of new vessels, which have a characteristic sinuous shape. 

An optical disk can also serve as a guide or starting point for vascular ex- 

traction algorithms. The authors also noted that despite the existence of many 

diseases that cause retinopathy, most researchers focused on diabetic retinopathy 

for the following reasons: 1) diabetic retinopathy is a serious disease that causes 

blindness. It can even cause death; 2) this disease affects a huge number of peo- 

ple, and there is the possibility of its early detection and successful treatment; 3) 

for the detection of diabetic retinopathy, localization of the optic disc, vascular 

excretion is necessary, and considerable experience has already been accumulated 

in this area. 

Studies have shown that an analysis of vascular changes can help identify 

the disease at an early stage, and timely treatment can save the baby’s eye. 

The authors developed a new tool for evaluating premature retinopathy based 

on a quantitative assessment of sinuosity and dilatation of blood vessels. The 

authors in the work proved that tortuosity turned out to be a more reliable and 

promising parameter than the width of the vessel for the detection of retinopathy 

of premature infants. The doctors examined the relationship between the rate 

of change in the diameter of the vessels of the retina and the high risk of severe 

retinopathy in premature infants. The authors presented methods for tracking and 

evaluating vascular tortuosity to analyze the progression and severity of premature 

retinopathy, investigated the correlation of the severity of premature retinopathy 

with vascular width and sinuosity. 

An important characteristic of the image of blood vessels is its quality, which is 

affected by factors such as clouding, defocusing. the presence of a noise component 

or uneven illumination, and the main goal of pre-processing methods is to improve 
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Figure 3.2: Flowchart of processing 

the quality of the diagnostic image for its subsequent analysis. 

Distortions appear on single images due to differences in light scattering in 

different parts of the photographed object, changes in its thickness. Differences 

between images of the same object appear due to camera differences, differences in 

lighting, differences in shooting angles and pigmentation. Pre-processing of both 

grayscale aud color images of vessels can be broken down to eliminate uneven 

lighting. improve contrast and color alignment. The problems of this stage of the 

processing of vascular systems are described in detail in the work. 

Isolation and quantification of blood vessels are of primary interest in the 

problems of diagnosis and treatment of a number of diseases. As noted above, 

the accurate allocation of vascular systems is often an important step in the tasks 

of localizing various anatomical parts of an organ, as well as localizing signs of 

pathologies. Difficulties in accurate vascular isolation are associated with the fact 

that 1) the width of the vessels can vary within wide limits; the retinal vascular 

system is a tree structure, and the closer the vessels to the base of the tree, the 

thicker they are; depending on the location of the vessel and image resolution, the 

thickness can vary from 1 to 20 pixels, 2) the intensity of the vessel may slightly 

differ from the intensity of the background, 3) various damage to the retina can 
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cause false triggering of segmentation algorithms. 

There are two main approaches for vascular extraction: vascular segmenta- 

tion, which allows you to select the eutire vascular tree in one iteration, and 

vascular tracking (tracing). In relation to the development of vascular segmen- 

tation algorithms, according to the literature, the following approaches can be 

distinguished: - classification of image samples (without training, with train- 

ing); - consistent filtering; - mathematical morphology; - multiscale approaches; - 

Model-based approaches. 

For each pixel, a feature vector was calculated, consisting of the pixel intensity 

and the response of the Gabor 2D wavelet transform calculated for various scales. 

A classifier based on a model from a combination of Gaussian functions was 

applied to each of the pixels to determine the likelihood of a vessel. The algorithm 

takes into account local information obtained during the filtering process, but 

ignores very important information about the forms and structures shown in the 

image. The method does not work well on images with uneven illumination due to 

a false response at the edge of the optical disc, hemorrhage and other pathology, 

which has a high contrast with the background. Gabor’s band-pass filtcr is widely 

used in image processing due to the possibility of adjusting its spatial orientation, 

the ability to select frequencies in two-dimensional space with good performance 

in spatial and frequency domains. 

The use of linear operators as a feature vector and the use of SV Al for pixel 

classification is suggested in the works. A simple detector based on an estimate 

of the average brightness level along fixed-length lines passing through the pixel 

in question was applied to the green channel of color images. Then the detec- 

tor response was subjected to threshold processing. To create a feature vector, 

a detector based on two orthogonal lines was also used, and classification was 

performed using an SVM classifier. Compared to other approaches, the algorithm 

required fewer features to classify, the features were very easy to calculate, and 

fewer images were required for training. The algorithm showed good reliability 

when working on images with uneven illumination and contrast. The algorithm 

also showed acceptable results on images containing vessels with a Central reflex. 

It used a filter obtained from the Gabor filter by rotating in a certain number of 

directions. In order to select lines of different widths, you must apply a filter with 

different scales. 
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In the works. a classifier was applicd to images processed by a multiscale Gabor 

filter to select candidates for vessel membership among pixels. The classifier 

is essentially a Bayesian network in which the distribution function for each of 

the classification parameters is represented as a linear combination of Gaussian 

functions. Approaches based on the classification of pixels without using training 

search for patterns specific to blood vessels in retinal images. These algorithms 

do not require the direct use of a training set. In the works, a method for growing 

regions based on the analysis of information about the gradient and curvature of 

the field was proposed. 

The paper presents an algorithm for fuzzy clustering, which uses the separation 

of pixels by vessel affiliation for tracing on angiographic images. Their algorithm 

uses only information about the intensity of the image and does not make any 

assumptions about the shape of the vessel. The fuzzy grouping algorithm is 

applied to each probable vessel. Each image area that contains more than 3 points 

belonging to the vessels is considered as a candidate for the position of the starting 

point of the iterative fuzzy tracing algorithm. False candidates are discarded by 

the algorithm for 2 or 3 iterations. An amazing feature of the algorithm is that it 

does not use any information about the boundaries to determine the position of the 

vessels, which reduces the sensitivity to noise, nor does it make any assumptions 

about the model of the profile of the vessel. Moreover, the algorithm does not 

require tuning and any initialization actions. The algorithm copes well with the 

task of tracing clearly defined vessels, but it does not take into account vessels of 

small diameter and low contrast |2]. 

A clustering algorithm is proposed that uses distances based on the principle 

of displaying the distribution of image pixels. The algorithm used the green color 

channel of the image, local gradient maxima and local maxima of the eigenvalues of 

the Hessian matrix. The algorithm was compared in efficiency with the algorithm 

and showed the best results in detecting small vessels. The method of fuzzy 

segmentation, used information about the intensity of the red and green color 

channels of the image to correct uneven illumination. Consistent filtering was 

used to improve the contrast of the vessels relative to the background [3]. 

The system allowed evaluating the width, contrast, and direction of blood ves- 

sels at each point in the image. The algorithm also used an additive noise model, 

which together with the estimation of vessel parameters allowed determining the 
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position of the vessel's center line. First, consistent filtering was used to improve 

vascular contrast, and then a matrix was calculated, based on which statistical 

values were determined for subsequent threshold processing. Then. threshold 

processing based on local entropy was applied for segmentation of the vascular 

system. The algorithm applied a filter with a different scale based on the second 

derivative of the Gauss function to the image, and the response of the filter was 

used to detect vessels and evaluate their features. A Gaussian noise model was 

also used to suppress it. Vessel profile and noise distribution models were used 

together for probabilistic estimation of vessel parameters. 

A consistent filter was applied, used, improved using an optimizing search 

procedure. The optimization procedure was applied on 20 images of the retina 

to determine the best parameters of the matched filter, such as the filter size, 

the standard deviation of the Gaussian function used to design the filter and 

the threshold value. The improved filter has outperformed the standard filter. 

In the work, the classical matched filter was refined using the first derivative of 

the Gauss function. This modification was made based on the symmetry of the 

gaussian-shaped section of the vessel relative to its peak, while the borders are not 

symmetrical in pathology. The technique used two filters: a filter based on the 

Gaussian function and a filter based on the first derivative of the Gauss function. 

In the region of maximum vessel intensity, the filter gave a strong response, while 

the filter gave a zero response. In contrast, structures other than blood vessels, 

for example, having sharp boundaries. The technique allowed to significantly 

reduce the nunber of false positives and determine a larger number of thin vessels 

compared to a conventional filter. Mathematical morphology is used as a tool to 

extract portions of an image that are useful for describing various shapes, such as 

the borders and skeleton of a vessel. Mathematical morphology offers a powerful 

tool for solving many image processing problems. Morphological operators were 

used to localize microaneurysms, as well as for vascular segmentation. 

3.2 Processing 

Three methods prevail among approaches to vascular extraction: 25 percent of 

the articles examined used vascular tracing techniques, the other 22.9 percent and 

93.4 percent use approaches based on consistent filtering and methods for classify- 
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ing pixels with user participation (with training), of which using neural networks 

account for 32 percent. Approximately 17 percent of articles use multiscale ap- 

proaches, morphological analysis - 15 percent, methods based on models - 17 

percent and 6.4 percent use automated recognition algorithms without training. 

Figure 3.3: Segmentation result of proposed method 

Thus, the techniques described im the articles were divided into categories 

according to their belonging to one of the stages of image analysis: - Evidence- 

based medicine. -Preliminary processing. - Elimination of uneven lighting. - 

Alignment of color. -Increase the contrast. -Processing images of the optic disc. 

-Localization of the optical disk. - Segmentation of an optical disk. -Evaluation 

of the parameters of the optical disk. Segmentation of the vascular system. - 

Classification of image samples (without training, with training). - Consistent 

filtering. -Mathematical morphology. ~Multi-scale approaches. -Model-based ap- 

proaches. -Vascular tracking and tracing. -Assessment of diameters. -Evaluation 

of diagnostic features. 

The system provides the following algorithm for making a diagnosis: 1) Local- 

ization of the most important areas, such as vessels, optical disk, using segmenta- 

tion methods. 2) Search for signs of pathologies, such as venous dilation, excessive 
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curvature of blood vessels, ctc., using classification. 3) making a diagnosis based 

on the detected signs of pathologies. The system also published its research in the 

field of medicine, which served as the theoretical basis for automatic diagnostics. 

They noted that the retina can tell you about hundreds of diseases, and their 

system could make 13 different diagnoses based on 39 signs of vascular changes. 

Despite the fact that this system was significantly inferior to the expert doctor 

on diagnostics, at that time it already showed quite good results. 

The algorithm suggested using a two-dimensional filter core for the segmenta- 

tion of blood vessels based on the Gaussian function or its derivative. The filter 

profile is designed in such a wav as to best fit the profile of the vessel, which usu- 

allv takes the form of a Gaussian function or its derivative. The filter core rotates 

in increments of 15 to match vessels with different spatial orientations. To obtain 

a binarv image of vessels for each pixel, the best filter response is determined, 

which is then subjected to threshold processing. Further, other image processing 

methods are used to obtain segments containing vessels. The approach proved 

that the width of the vessels can be measured based on the amplitude parameters 

of the filter giving the best response. Measuring the width of the vesscls allows 

not only to estimate the size of the vessel, but can also be useful for optimizing 

the parameters of the matched filter. 

A consistent filter was applied, used, improved using an optimizing search 

procedure. The optimization procedure was applied on 20 images of the retina 

to determine the best parameters of the matched filter, such as the filter size, 

the standard deviation of the Gaussian function used to design the filter and 

the threshold value. The improved filter has outperformed the standard filter. 

In the work, the classical matched filter was refined using the first derivative of 

the Gauss function. This modification was made based on the symmetry of the 

gaussian-shaped section of the vessel relative to its peak, while the borders are not 

symmetrical in pathology. The technique used two filters: a filter based on the 

Gaussian function and a filter based on the first derivative of the Gauss function. 

In the region of maximum vessel intensity, the filter gave a strong response, while 

response. In contrast, structures other than blood vessels, the filter gave a zero 

The technique allowed to significantly 
for example, having sharp boundaries. 

reduce the number of false positives and determine a larger number of thin vessels 

compared to a conventional filter. Mathematical morphology is used as a tool to 
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extract portions of an image that are useful for describing various shapes. such as 

the borders and skeleton of a vessel. Matheinatical morphology offers a powerful 

tool for solving many image processing problems. Morphological operators were 

used to localize microaneurysms, as well as for vascular segmentation. 

The use of linear operators as a feature vector and the use of SVM for pixel 

classification is suggested in the works. A simple detector based on an estimate 

of the average brightness level along fixed-length lines passing through the pixel 

in question was applied to the green channel of color images. Then the detec- 

tor response was subjected to threshold processing. To create a feature vector, 

a detector based on two orthogonal lines was also used, and classification was 

performed using an SVM classifier. Conipared to other approaches, the algorithm 

required fewer features to classify, the features were very easy to calculate, and 

fewer images were required for training. The algorithm showed good reliability 

when working on images with uneven illumination and contrast. The algorithm 

also showed acceptable results on images containing vessels with a Central reflex. 

It used a filter obtained from the Gabor filter by rotating in a certain number of 

directions. In order to select lines of different widths, you must apply a filter with 

different. scales. 

In the works, a classifier was applied to images processed by a multiscale Gabor 

filter to select candidates for vessel membership among pixels. The classifier 

is essentially a Bayesian network in which the distribution function for each of 

the classification parameters 1s represented as a linear combination of Gaussian 

functions. Approaches based on the classification of pixels without using training 

search for patterns specific to blood vessels in retinal images. These algorithms 

do not require the direct use of a training set. In the works, a method for growing 

regions based on the analysis of information about the gradient and curvature of 

the field was proposed [4]. 

The paper presents an algorithm for fuzzy clustering, which uses the separation 

acing on angiographic images. Their algorithm 
of pixels by vessel affiliation for tr 

tensity of the image and does not make any 
uses only information about the in 

assumptions about the shape of the vessel. The fuzzy grouping algorithm is 

ypplied to each probable vessel. Each image area that contains more than 3 points 

belonging to the vessels is considered as a candidate for the position of the starting 

point of the iterative fuzzy tracing algorithm. False candidates are discarded by 
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the algorithm for 2 or 3 iterations. An amazing feature of the algorithm is that it 

does not use any information about the boundaries to determine the position of the 

vessels, which reduces the sensitivity to noise, nor does it make any assumptions 

about the model of the profile of the vessel. Moreover, the algorithm does not 

require tuning and any initialization actions. The algorithm copes well with the 

task of tracing clearly defined vessels, but it does not take into account vessels of 

small diameter and low contrast [5]. 

3.3 Fisher Linear Discriminant 

Linear Discriminant Analysis (£DA) are methods used in statistics, pattern recog- 

nition and machine learning to find a linear combination of characteristics which 

describes or splits two or more classes of objects. The resulting combination may 

be used as a linear classifier. LDA is closely related to Principal Component 

Analysis (PCA) for both of them are based on linear and matrix multiplication, 

transformations. In case of PC'A, the transformation is based on minimizing 

mean square error between original data vectors and data vectors that can be 

estimated for the reduced dimensionality data vectors and the PC'A does not 

considers any difference in class. However, for LDA the transformation is based 

on maximizing a ratio of “between-class variance” to “within-class variance” to 

lower data variability in the same class and increasing the separation between 

classes. 

Figure 3.4: Segmentation results of proposed method overlaid on 3-D



Figure 3.5: Examples of subretinal fluid segmentation 

To find out LDA, we need to aware what is the “between-class variance” and 

“within-class variance” [6]. Then we have to maximize the ratio between these 

two. Assume we have a set of D-dimensional samples X = {2 , 19, ..., 2m}, No of 

which belong to class C; and N2 belong to class Cy. In our case, class C; is fluid 

associated region, and class C2 is outer region, respectively. For this case we also 

assume the mean vector of two classes in X space: 

1 i 
ok = Nea? , (3.1) 

where 1.2. and in y space: 

ae 
ay a Olaf — or, 
bp. Ni Ni. d . O° Ur, (3.2) 

where k=1,2. One of the ways to define a measure of separation between two 

classes is to choose the distance between the projected means, which is in y space 

[7], so the between-class variance is: 

ul, — Uy = @7 (ul, — ui), (3.3) 

and within-class variance for each class Cy is: 
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Figure 3.6: Comparison of segmentation results overlaid on 3-D 

Final Fisher criterion in terms of some measure scatters as following: 

_ O50 
9) = OT SyO (3.5) 

where 

Sp = (ua — 1) (u2— 1)", (3.6) 

oo Ok 

Sw = Soy’ ~ Ug) (a ~~ ur)", (3.7) 

The easiest way to maximize the object function J is to derive it and set it to 

eae 9(0) __2 (87520 
36 ~ 00 OT Sy0”’ (3.8) 

By solving above equation we get the direction of the @, which is the: 

fh ooS a (U2 — U1); (3.9) 

lutensity inhomogeneity phenomenon presents a systematic change on intensities 

) ) d and usually manifests itself as a smooth spatially 
of both object and backgrou? 
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varving function across the image. A novel region based model is proposed to 

segment image with intensity inhomogeneity [9]. The model consists of three 

components: linear discriminant analysis, region scalable fitting energy and regu- 

larization term of the level set function. The local discriminant analysis is used to 

classify pixels to background and foreground, while energy functional and regular- 

ization tern are used to differentiate the image differences between the foreground 

t, and iteratively evolve the initial contours [10]. 
and the background of an objec 

According to above analysis, new feature space obtained by linear discriminant 

analysis can be incorporated into the LBF energy functional to assist in image 

segmentation. So the final energy functional can be expressed as: 

2 

prsrupa = S~ ff Ko(a,u)lllty) ~ fell + al") - u(2)P|( Oly) dvdr. 

= 
(3.10) 

where a is nonnegative constant and Y(y) is a new feature space obtained from 

Eq.(3.1). a@ is a parameter of linear discriminant analysis (L.DA) term, it used to 

balance the effects of LDA term. f(z) and u;(x) denote the intensity means for 

the image I(x) and Y (2), accordingly. 

e final fitting enerey 

By combining the regularization term and 

cnergy functional, th functional is given by|11]: 

B(¢) = ERShP* + P(O), (3.11) 

E(6) is minimized with respect to the functions f(x) and u,(x)[9], which satisfy 

the fi ing: 1e following f Kol, y) Hi (o(y)) J (y)dy (3.12) 

fila) = f Ko(a: y)H;(o(y))dy . 

K,(2; y) Hi(o(y))¥ (y)dy 

ula) = Fe ow)ay 
(3.13) 

fixed E(@) 8 minimized with respect to ¢, resulting in 

Keeping f;(x) and ui() 
ping fi(@) get function ¢: 

the evolution formula of the level 

__ Ve _ 3 Vo 

Op _ _5(@)(e1 - 2 + udiol ag) + (Ve div Sap) (3.14)



where 6() is the derivative of the function H(¢), div(.)denotes the divergence 
oO operator, and e;(x) simultaneously quantifies the image difference Letstasiy He 

ground aud backer - the original j ; & aud background for the original image|12}. In contour evolution, the level 
set function @ was initially assigned to a positive constant 1 outside a region and 

=f . J ch -l inside. o was assigned to 25 to balance the convergence rate and computational ationa 
efficiency. At and ju were related by Atxy = 0.1 to satisfy the Courant Friedrichs 

Lewy (CFL) condition for numerical stability and they were set At=0.1 7 

respectively. The parameter v was set v = 0.007 « 255 * 255. 

3.4 Experiments 

Fig. 4.1 gives the preview of our system. Automated initialization stage targets to 

find candidate fluid zone by estimating region of interest. Then level set metined 

With Linear Discriminant Analysis is applied to segment subretinal fluid (9][13]. 
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algorithms based on object tracking. The set of algorithms for selectine ves 
8 represented by the following six categories: - classification of heres esas : 
(without training, with training); - consistent filtering; - mathematical no i” : 

°8Y; ~ multi-scale approaches: ~ model-based approaches; - tracing and rae ea 
ssels. Some of these categories were further divided into subcategories 

Figure 3.8: Subretinal fluid segmentation results examples 
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ared component and fluorescence retinal angiograms and showed. according to the 

authors, promising results. A modification of this spatial-scale algorithm is made 

based on the observation that the image intensity is proportional to the amount 

of blood in the vessel. Therefore, a diameter-dependent. equalization factor was 

applied to multiscale information [19]. 

The use of linear operators as a feature vector and the use of SV M for pixel 

classification is suggested in the works. A simple detector based on an estimate 

of the average brightness level along fixed-length lines passing through the pixel 

in question was applied to the green channel of color images. Then the detec- 

tor response was subjected to threshold processing. To create a feature vector, 

a detector based on two orthogonal lines was also used, and classification was 

performed using an SVM classifier. Compared to other approaches, the algorithm 

required fewer features to classify, the features were very easy to calculate, and 

fewer images were required for training. The algorithm showed good reliability 

when working on images with uneven illumination and contrast. The algorithm 

also showed acceptable results on images containing vessels with a Central reflex. 

It used a filter obtained from the Gabor filter by rotating in a certain number of 

directions. In order to select lines of different widths, you must apply a filter with 

different. scales. 

In the works, a classifier was applied to images processed by a multiscale Gabor 

Iter to select candidates for vessel membership among pixels. The classifier 
fi 
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the classification parameters is represe 

lassification of pixels without using training 

a Bayesian network in which the distribution function for each of 
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search for patterns specific to blood vessels in retinal images. These algorithms 

do not require the direct use of a training set. In the works, a method for growing 

regions based on the analysis of information about the gradient and curvature of 

the field was proposed. 

The paper presents an 

of pixels by vessel affiliation for tracing on angiographic images. Their algorithm 

n about the intensity of the image and does not make any 

algorithm for fuzzy clustering, which uses the separation 

uses only informatio 

assumptions about the shape of the vessel. The fuzzy grouping algorithm is 

applied to each probable vessel. Fach image area that contains more than 3 points 

belonging to the vessels is considered as @ candidate for the position of the starting 
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point of the iterative fuzzy tracing algorithm. False candidates are discarded by 

the algorithm for 2 or 3 iterations. An amazing feature of the algorithm is that it 

does not use any information about the boundaries to determine the position of the 

vessels, which reduces the sensitivity to noise, nor does it make any assumptions 

about the model of the profile of the vessel. Moreover, the algorithm does not 

require tuning and any initialization actions. The algorithm copes well with the 

task of tracing clearly defined vessels, but it does not take into account. vessels of 

small diameter and low contrast [3]. 

A clustering algorithm is proposed that uses distances based on the principle 

of displaying the distribution of image pixels. The algorithm used the green color 

channel of the image, local gradient maxima and local maxima of the eigenvalues of 

the Hessian matrix. The algorithm was compared in efficiency with the algorithm 

and showed the best results in detecting small vessels. The method of fuzzy 

segmentation, used information about the intensity of the red and green color 

channels of the image to correct uneven illumination [20]. 
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4. Results 

The developed linear discriminant analysis is used to construct. the intensity fit- 

ting term |[Y (y) — u;(x)|?. This causes that the proposed method has potential 

for handling intensity inhomogeneity and avoiding unnecessary contour evolution 

in segmentation by classifying image information to foreground and background, 

respectively. To demonstrate the performance of the proposed method, 23 longi- 

tudinal SD—OCT cube scans from 12 eyes of 12 patients acquired with the Cirrus 

OCT device were used in which all the subjects were diagnosed with CSCR with 

only NRD. Fig. 3.2 demonstrates the performance of proposed model to seg- 

ment NRD associated subretinal fluid. In a qualitative comparison (Fig. 3.2), 
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Figure 4.1: Overview of proposed method 

the proposed method provided a smooth boundary of the fluid region, while the 

LPHC and SS — KNN metho 

[13]. The LPHC method suffe 

the retinal structure changes dr 

d do not guarantee the smoothness of the contour 

rs from a strong label propagation constraint. If 

amatically, the regions might be segmented (de- 
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lineated by the dashed yellow ellipse).The automatic layer segmentation is not 

always correct, which may result in failure of layer segmentation method results, 

because of NRD which affects to retinal layer structure. Our model surpasses 

other state-of-art methods and generates the segmentation results similar to the 

ground truths. The results in Table 1 summarize the PPV and DSC. Overall, 

the proposed method is capable to produce a higher segmentation results without 

utilizing any layer segmentation results. 

In the works, pre-trained neural networks were used to classify vessels. The 

K NN classifier is presented, where each pixel was assigned the probability of its 

belonging to the vessel. Artificial neural networks use weights to determine the 

correspondence between input and output data. They can be configured using a 

training set based on backpropagation networks. The pixels of the window sliding 

across the image were used as input to the network. For each pixel, a feature 

vector was generated based on the pixel intensity values from a window centered 

relative to the classified pixel. To train the network, labeled angiograms were 

used. 

The use of the principal component analysis method of principal component 

analysis to localize the anatomical parts of the retina was demonstrated in the 

work. The method showed good agreement with the marking of an experienced 

ophthalmologist made on the images. 

An analysis of the relationships between changes in vascular characteristics 

arious diseases contributes to the timely detection and treatment of diseases 
and \ 

at an early stage. Automated analysis also finds application in computer laser 

surgery and biometric identification. 
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Figure 4.2: Segmentation of Neurosensory Retinal Detachment associated sub- 
retinal fluid using the proposed model 

Expert 2 

[DSC 
64.7+9.5 

84.9+3.1 

78.4+1.2 
93.31.6 

93.623.1 
| 94.4£1.6 

Expert 1 

| Methods PPV DSC PPV 

LPHC)9] 54.64£12.3 64.349.4 54.8411.8 

SS-KNN [22] || 90.94+3.8 85.143.1 90.849 8 

FLSCV [4] 85.2+6.3 77.9420.7 85.846.3 

CMF [23] 92.0+2.4 92.941.5 93.0+2.5 

EFD [5] 92.0+3.8 92.74:3.0 93.144.3 

Proposed 95.52+0.013 | 93-7941.2 96.59-+0.1 

Table 4.1: To summarize the quantitative findings (mean + standard deviation) 

betweel 

individual experts). 

4] 

1 the segmentations and the manual gold standards (segmentations of two 



5. Discussion 

5.1 Benefits 

One of the main issues of modern medicine is determining the boundaries of the 

normal human phenotype, its variability, and the individual threshold for the risk 

of disease. This issue is especially relevant when determining the norm in children 

and adolescents. 

Optoacoustics is a relatively young medical imaging technique that is used to 

diagnose blood vessels, brain activity, skin lesions, and breast cancer. However, 

the image quality largely depends on the number and distribution of sensors used 

by the device: the more of them, the better the image quality. A new approach 

developed in Zurich allows you to significantly reduce the number of sensors with- 

out giving up the desired image quality. This allows you to reduce the cost of the 

device. increase the speed of image processing, or improve diagnostics. 

Having discarded most. of the sensors, the research team received images with 

artifacts - missing bands. A previously trained neural network was able to signif- 

icantly restore image quality close to what was originally. 

The developed machine learning algorithm was also successful in improving 

the quality of images that were recorded using just a narrowly defined sector. This 

is especially important for clinica 

itire human body, hence the displayed area is usually only accessible in one 
] applications, since laser pulses cannot penetrate 

the e1 

direction. . 
were used to classify vessels. The K NN classifier 

Pre-trained neural networks 

was assigned the probability of its belonging to a 

ig presented, where each pixel 

vessel. 
| fe 

Artificial neural networks use weight coeicients to determine the correspon- 

dence between input and output data. They can be configured using a training 
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sample based on error back propagation networks. Pixels of the wind 7 

“ image were used as input data for the network. For cach vive ee 

ector 
. 

—— 

| ; 

velative to th ’ caf “ es i pixel intensity values from a window centered 

e classified pixel. Marked angiograms were used to train the network 

I 

al ; ace of vascular systems without pathologies. In addition, with this kind 
’ nis kind of 

analysis, t is jecti 
ysis, there is always a subjective factor, which often leads to diff ‘0 differences in 

the diagnoses made by doctors. 

A large number of algorithms and methods for digital analysis of h uman vas- 

cular systems have been published. Image analysis of vascular systems for the d s for the de- 

tection of pathologies comes down to the task of pattern recognition. Tl 

: 4: 
. The process 

of detecting multiple images and their relationships in vascular images i - “_ 
es involves a 

number of operations or steps, using low-quality image processing methods tl nods that 

allow you to move on to more complex analysis. 

To obtain a binary image of vessels for each pixel, the best filter res 

is determined, which is then subjected to threshold processing Furth "other 

image processing methods are used to obtain segments containing voesek oC 

approach proved that the wi 
s. The 

de parameters of the filte 

dth of the vessels can be measured based on the 

amplitu 
r giving the best response. Measuring the width 

of the vessels allows not only to 

meters of the matched filter [21]. 
estimate the size of the vessel, but can also be 

useful for optimizing the para 

A consistent filter was app 

procedure. The optimization procedure was applied on 20 images of the reti 4 he retina 

to determine the best 

the standard deviation of t 

lied, used, improved usi 
5 ’ / using imi7Z] ing an optimizing search 

parameters of the matched filter, such as the filter size 

he Gaussian function used to design the filter and 

The improved filter has outperformed the standard filter 

the threshold value. 

he classical matched filter was refined using the first derivative of 

This modifica 

ssel relative to its peak, while the borders are not 

hology. The technique used two filters: a filter based on the 

r based on the first derivative of the Gauss function. 

sel sntensity, the filter gave a strong response, while 

In contrast, structures other than blood vessels 

The technique allowed to significantly 

In the work, t 

the Gauss function. 

shaped section of the ve 

tion was made based on the symmetry of the 

gaussian- 

symmetrical in pat 

Gaussian function and a filte 

In the region of maximum ves 

ponse. 
the filter gave a zero res 

p poundaries. 

for example, having shar 
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reduce the number of false positives and determine a larger number of thin vessels 

compared to a conventional filter. Mathematical morphology is used as a tool to 

extract portions of an image that are useful for describing various shapes, such as 

the borders and skeleton of a vessel. Mathematical morphology offers a powerful 

tool for solving many image processing problems. Morphological operators were 

used to localize microaneurysms, as well as for vascular segmentation. 

Creating a technique for digital analysis of vascular systems is impossible with- 

out solving a number of problems: recognizing vessels in digital images, choosing 

a methodology for analyzing vessels and a mathematical model of the vascular 

bed for subsequent calculations, determining standard values for diagnostic pa- 

rameters. 

Recognition of vessels and determination of their morphological features are 

the key stages of automated methods of diagnostic analysis of vascular systems, 

since the accuracy of the selection and measurement of its elements depend on 

the results of diagnostics. 

Specialists learn to distinguish damage to vascular systems from the appear- 

ance of vascular systems without pathologies. In addition, there is always a sub- 

ctor in this type of analysis, which often leads to differences in the diag- jective fa 

ade by doctors. One of the main issues of modern medicine is determining 
noses m 

the boundaries of the normal human phenotype, its variability, and the individual 

threshold for the risk of disease. This issue is especially relevant when determining 

the norm in children and adolescents. 

The environment is rapidly changing, and the development of the child’s body 

in these conditions can be characterized from the perspective of a set of adaptive 

variants of this human phenotype. Currently, children and adolescents of asthenic 

physique are more common, with impaired posture and increased joint flexibility. 

Thus, in the modern pop incre 

tiated connective tissue dysplasia is noted - according 
ulation, an increasing proportion of children and 

oung people with undifferen 
: 

4 from 10 to 80 percent. The increased elasticity of the 
to statistics, this indicator is rent. ‘The 

ctive tissue is useful for the “push-button civilization, but can be dangerous 

connect 

with significant physical e 

It should be noted th 

tissue dysplasia are workaholics. 

; — a re 

educational programs, and as 

xertion. 

at most adolescents with undifferentiated connective 

They study well, attend a lot of additional 

sult work from dawn to dawn. It is known 
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tissue dysplasia, were distingui guished by tremendous performance. It sho . It should also 

be noted t : . that undifferentiated dysplasia of connective tissue is not a di b 

it can a 
. a disease 

e a predictor of a number of diseases, including cardiac arrhytl _ rrhythmias, 

, and 

many others. Often, treatment is not tim 
y ; imely. It is necessa ry to predict life- 

complications during physical activit for ex : 
Y) ample, at a physical education lesson. 

It ° 
end t] itl | . 

to find ways to improve the 

past 20 years, significant efforts have been made to d 
I @ de to develop computer t echnologies 

es in vascu 

quality of monitoring of vascular systems over the 

that can detect chang lar systems. Tl i . The medical communi nity agrees that 

automatic quantitative assessment 0 

development of computer-based disease diagnosis systems 

A feature vector was calculated for each pixel, consisting of the pixel intensi intensity 

of the 2D wavelet 

n a model from @ CO 

the probability of belonging to a vessel. The 
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tion was carried out using the SVM classifier. Compared to other approaches, 

the algorithm required fewer features for classification, features are very simple 

to calculate, less images were needed for training. The algorithm showed good 

reliability when working on images with uneven illumination and contrast. The 

algorithm also showed acceptable results on images containing vessels with a cen- 

tral reflex. It used a filter obtained from the Gabor filter by rotation in a certain 

number of directions. In order to highlight lines of different. widths, it is necessary 

to apply a filter with a different scale. 

Pre-processing of both grayscale and color images of vessels can be broken 

down to eliminate uneven lighting, improve contrast and color alignment. The 

problems of this stage of the processing of vascular systems are described in detail 

in the work. Three methods prevail among approaches to vascular extraction: 

25 percent of the articles examined used vascular tracing techniques, the other 

22.9 percent and 23.4 percent use approaches based on consistent: filtering and 

methods for classifying pixels with user participation (with training), of which 

using neural networks account for 32 percent. Approximately 17 percent of articles 

use multiscale approaches, morphological analysis - 15 percent, methods based on 

models - 17 percent and 6.4 percent use automated recognition algorithms without 

training. There is always a subjective factor in this type of analysis, which often 

leads to differences in the diagnoses made by doctors. 

n approaches to selecting vessels — vessel segmentation, 
There are two mal 

o select the entire vessel tree in one iteration, and vessel track- 
which allows you t 

: 

ing (t1 acing). In relation to the development of vascular segmentation algorithms, 

ing (tracing). ; 

according to tl 

sification of image samples( 

_ mathematical morphology; - multi-scal 

The classifier was applied to images processed by a multi-scale filter to select 
ec 

didates for belonging to the vessel among pixels. The classifier is essentially 

es 

° . 
. 

; 

ee the distribution function for each of the classifi- 

d as a linear combination of Gaussian functions. 

he literature, the following approaches can be distinguished: - clas- 

without training, with training); - consistent filtering; 

e approaches; - model-based approaches. 

a Bayesian network in which 

cation parameters is represente 

thes based on pixel classi | 
Approach d vessels in retinal images. These algorithms do not re- 

ng sample. In this paper, we have proposed a method 

fication without the use of training search for 

ainl 

d on the analysis of information about the gradient and 

patterns specific to bloo 

quire direct use of the tr 

for expanding regions base 
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curvature of the field. 

A feature vector was calculated for each pixel, consisting of the pixel intensit y 

and the response of the 2D wavelet transform calculated for different scales. A 

classifier based on a model from a combination of Gauss functions was a - d 

to each of the pixels to determine the probability of belonging to a vemeel. m 

algorithm takes into account local information obtained during the filtering . 

cess, but ignores very important information about the shapes and structures 

represented in the image. The method does not work well on images with uneven 

illumination due to false alarms at the edge of the optical disk, hemorrhage, and 

other abnormalities that have a high contrast with the background. A bandpass 

filter is widely used in image processing due to the ability to adjust its spatial 

orientation, the ability to allocate frequencies in two-dimensional space with good 

indicators in the spatial and frequency regions. 

The use of linear operators as a feature vector and the use of SV M to classify 

proposed in the works. A simple detector based on an estimate of the 

pixels are 

average brightness level along lines of a fixed length passing through the pixel in 

question was applied to the green channel of color images. Then the response 

of the detector was subjected to t 

sed to create the feature vector, and the classifica- 

hreshold processing. A detector based on two 

orthogonal lines was also u 

tion was carried out using the SVM classifier. Compared to other approaches 

the algorithm required fewer features 

to calculate, less images weTe needed for training. The algorithm showed good 

reliability when working on images W 

algorithm also showed acceptable results on images containing vessels with a cen- 

tral reflex. It used a filter obtaine 

number of directions. In order to hig 

to apply a filter with a different scale. 

The classifier was applied to mages processed by a multi-scale filter to select 

dates for belonging to the vessel among pixels. The classifier is essentially 

hich the distribution function for each of the classifi- 

for classification, features are very simple 
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candi 
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cation parameters is represented as a, linear combination of Gaussian functions. 

Approaches based on pixel classification without the use of training search for 

d vessels in retinal images. These algorithms do not re- 
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for expanding regions based on the analysis of information about the gradient and 

curvature of the field. 

The paper presents a fuzzy clustering algorithm that uses pixel separation by 

vessel membership to trace on angiographic images. Their algorithm uses only 

information about the intensity of the image and does not make any assumptions 

about the shape of the vessel. The fuzzy grouping algorithm is applied to each 

probable vessel. Each area of the image that contains more than 3 points belong- 

ing to vessels is considered as a candidate for the starting point of the iterative 

fuzzy tracing algorithm. False candidates are discarded by the algorithm within 2 

or 3 iterations. The surprising feature of the algorithm is that it does not use any 

boundary information to determine the position of vessels, which reduces sensi- 

tivity to noise. nor does it make any assumptions about the vessel profile model. 

Moreover, the algorithm does not require any configuration or initialization ac- 

tions. The algorithm does a good job of tracing clearly defined vessels, but. does 

not take into account small-diameter vessels and low contrast. 

A clustering algorithm is proposed that uses distances based on the principle 

of displaying the distribution of image pixels. The algorithm uses the green color 

channel of the image, local maxima of the gradient, and local maxima of the 

values of the Hessian matrix. The algorithm was compared in efficiency with 
eigen 

7 

gorithm and showed better results when detecting small vessels. The fuzzy 
the al 

segmentation method used information about the intensity of the red and green 

color channels of the image to correct uneven illumination. Consistent filtering 

ast of blood vessels relative to the background. 
was used to improve the contr ; 
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| 
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‘co model, which, together with the assessment of the parameters of the vessel, 
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a matrix was ca “ shreshold processing. Threshold processing based on local 
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A Ge 
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vascular parameters. 
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method based on spatial-scale analysis for estimating the width, si d , size, an 

spatial orientation of blood vessels using two geometric features b 

and second intensity derivatives is presented. This approach ora on the first 

about the image topology. The boundary points of the vessel anne 
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served in the direction of the corresponding intensity maximum th 
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pansion algorithm. The algorithm was tested on images without a red - a ex- 

and fluorescent retinal angiograms and showed, according to the authors iponent 

ing results. A modification of this spatial-scale algorithm is made Nene ke 

observation that the image intensity is proportional to the amount of blood i 
: ood in 

the vessel. Therefore, a diameter-dependent equalization factor was lied 
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multi-scale information. 

The algorithm proposcd using @ two-dimensional filter core based on the Ga uss 
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Further, other image processing methods are used to obtain segments containing 
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and maximum curvature at various image scales were then used in the area ex- 

pansion algorithm. The algorithm was tested on images without a red component 

and fluorescent retinal angiograms and showed, according to the authors, promis- 

ing results. A modification of this spatial-scale algorithm is made based on the 

observation that the image intensity is proportional to the amount of blood in 

the vessel. Therefore, a diameter-dependent equalization factor was applied to 

multi-scale information. 

A large number of algorithms and methods for digital analysis of human vas- 

cular systems have been published. Analysis of images of vascular systems for the 

detection of pathologies is reduced to the task of pattern recognition. The pro- 

cess of detecting multiple images and their relationships in vessel images involves 

a number of operations or stages. 

A feature vector was calculated for each pixel, consisting of the pixel intensity 

and the response of the 2D wavelet transform calculated for different scales. A 

er based on a model from a combination of Gauss functions was applied 
classifi 

to each of the pixels to determine the probability of belonging to a vessel. The 

algorithm takes into account local information obtained during the filtering pro- 

cess, but ignores very important information about the shapes and structures 

represented in the image. The method does not work well on images with uneven 

umination due to false alarms at the edge of the optical disk, hemorrhage, and 
ill 

a high contrast with the background. A bandpass 
other abnormalities that have 

GIter is widely used in image processing due to the ability to adjust its spatial 

orientation, the ability to allocate frequencies in two-dimensional space with good 

indicators in the spatial and frequency regions. 

The use of linear operators as a feature vector and the use of SVM to classify 

pixels are proposed in the works. A simple detector based on an estimate of the 

average brightness level along lines of a fixed length passing through the pixel in 

was applied to the green channel of color images. Then the response 

d to threshold processing. A detector based on two 

ort create the feature vector, and the classifica- 

n was carried out using the SVM classifier. Compared to other approaches, 

ures for classification, features are very simple 

ded for training. The algorithm showed good 

question 

of the detector was subjecte 

hogonal lines was also used to 

t10 

the algorithm required fewer feat 

to calculate, less images were nee 

reliability when working on images with uneven illumination and contrast. The 
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algorithm also showed acceptable results on images containing vessels with a cen- 

tral reflex. It used a filter obtained from the Gabor filter by rotation in a certain 

number of directions. In order to highlight lines of different widths, it is necessary 

to apply a filter with a different scale. 

The classifier was applied to images processed by a multi-scale filter to select 

candidates for belonging to the vessel among pixels. The classifier is essentially 

a Bayesian network in which the distribution function for each of the classifi- 

cation parameters is represented as a linear combination of Gaussian functions. 

Approaches based on pixel classification without the use of training search for 

patterns specific to blood vessels in retinal images. These algorithms do not re- 

quire direct use of the training sample. In this paper, we have proposed a method 

for expanding regions -based on the analysis of information about the gradient and 

curvature of the field. 

This paper provides an overview of algorithms that focus primarily on vascular 

isolation in two-dimensional, color images of the retina obtained using fundus 

cameras or fluorescent angiography, and focuses only on studies related to retinal 

vascular segmentation. 

This analysis presents the classification of the main stages of digital analy- 

sis of vascular systems in the problems of diagnostics of vascular pathology and 

classification. For statistical analysis, the literature list of the found articles was 

used as a secondary source. When analyzing the articles, they were categorized 

according to their belonging to different stages of processing diagnostic images of 

vascular systems. In the review articles was reviewed and included the analysis of 

secondary sources. The main stages of the analysis of key features of vessels were 

identified: evidence-based medicine, pre-treatment; localization and segmentation 

of the optic nerve disk; segmentation of vessels; tracing of vessels, evaluation of 

evaluation of diagnostic signs. The table shows a list of articles related 
diameters, 

: | 
. 

es presented in the review in whole or in part. The number of articles 
to the stag 

d to each step in the sequence. 

One of the main issues of modern medicine is to determine the boundaries 
ne 0 

ldren and adolescents. The environment changes rapidly, and the development 

rel ‘S. 
: : : 

itions can be characterized from the point of view 

relate 

for 

chi 

of the child’s body in these cond 
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of a set of adaptive variants of this human phenotype. Currently, children and 

adolescents with asthenic physique, with impaired posture, increased flexibility of 

the joints are more common. 

Thus, in the modern population there is an increasing proportion of children 

and young people with undifferentiated connective tissue dysplasia — according 

to statistics, this figure is from 10 to 80 percent. Increased elasticity of connec- 

tive tissue is useful for" push-button " civilization, but can be dangerous with 

significant physical exertion. 

It should be noted that most adolescents with undifferentiated connective 

tissue dysplasia are workaholics. They study well, attend a lot of additional 

educational programs, and as a result, they work from dawn to dawn. It is known 

that famous representatives with undifferentiated connective tissue dysplasia, such 

as Paganini, who had Marfan syndrome — a disease with pronounced connective 

tissue dysplasia, were distinguished by tremendous performance. It should also be 

noted that undifferentiated connective tissue dysplasia is not a disease, but can be 

a predictor of a number of diseases, including heart rhythm disorders, emotional 

disorders — asthenia, phobias, agitation, mitral valve prolapse, and many others. 

Often, medical measures are not timely. It is necessary to predict life-threatening 

complications and early detect the presence of connective tissue dysplasia. If 

dysplasia is not detected in time, it may one day lead to collapsoid complications 

during physical activity, for example, during a physical education lesson. 

The system made it possible to evaluate the width, contrast, and direction of 

blood vessels at. each point in the image. The algorithm also used the additive 

noise model, which, 

made it possible to determine the position of the center line of the vessel. At 

first. consistent filtering was used to improve the contrast of the vessels, and then 

| was calculated on the basis of which statistical values were determined 

together with the assessment of the parameters of the vessel, 

a matrix 

for the subsequent threshold processing. Threshold processing based on local 
Or al 

entropy was then applied to segment the vascular system. The algorithm used a 

filter with a different scale based on the second derivative of the Gauss function 

j and the filter response was used to detect vessels and evaluate their 

aan was also used to suppress it. Vascular profile and 
signs. A Gaussian noise model 

| 
sed together for the probabilistic assessment of 

noise distribution models were U 

vascular parameters. 
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The algorithm proposed using a two-dimensional filter core based on the G 

function or its derivative for segmentation of vessels. The filter profile i & med 

to best fit the vessel profile. To get a binary image of vessels the ' + signe’ 

rocessi 
- . - . . 

processing. Further, other image processing methods are used to obtain segment 
ments 

containing vessels. 

measured based on the amplitude parameters of the filter that gives the best 
JN, ‘ ‘ . >t . es ‘ 

response. Measuring the width of vessels allows you not only to estimate the si 
ne size 

The approach proved that the width of the vessels can be 

of the vessel, but can also be useful for optimizing the parameters of a matched che 

filter. 

Applied a consistent filter, used, improved with an optimizing search rch proce- 

dure. The optimization procedure was applied on 20 retinal images to determi & rmine 

the best parameters of the matched filter, such as the filter size, the standard 
> © andar 

deviation of the Gauss function used to design the filter, and the threshold val 
» ANG CNe LATE value. 

The improved filter ig more efficient than the standard filter. In this paper the 

classical matched filter was refined by using the first derivative of the Gauss fune- 

tion. This modification was made based on the symmetry of the Gauss-shaped 

section of the vessel relative to its peak, while the boundaries in pathology are 

metrical. In the area of maximum vessel intensity, the filter gave a strong 
not sym 

response. In contrast, structures other than 
response, while the filter gave a zero 

sels, for example, have sharp bor 

s and determine a larger number of thin vessels ves 
ders. The technique allowed to significantly 

reduce the number of false positive 

compared to a conventional filter. 

of the second order of the Hessian 

e vessel search algorithm is based on the analysis of 

It defines the main directions in which the 

The authors considered multi-scale structures 

function in the context of developing a fil- 

ter for vessel isolation. Th 

ssian matrix. 
eigenvectors of the He 

decomposed into components that give directions of the 

local structure can be 

of the field along the vessel bed. The resulting vessel score was 

smallest curvature 
tric parameters, as well as the eigenvalues and 

calculated using the vessel’s geome 

Frobenius matrix, and was checked on images obtained using angiog- 

raphy and three-dimensional magnetic resonance imaging. The approach showed 

the ability to simultaneously suppress noise and background images. Many algo- 

rithms are based on this approach. Multistructure mathematical morphology the 

ation was used to increase C 

norms of the 

transform 
ontrast, and vessel boundaries were detected 
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using morphological multistructure transformation. Falsely defined bord 

removed using a morphological opening operation. The paper present ers wer 

rithm for selecting blood vessels based on the method of morpholo ic vnosben 

The application of the algorithm to the problem of continuation of vessels fi a 

set of points that are known to be points of vessels is considered. —_— 

A method based on spatial-scale analysis for estimating the width, size, and 

spatial orientation of blood vessels using two geometric features based on the frst 

and second intensity derivatives is presented. This approach provides informatio | 

about the image topology. The boundary points of the vessel are “harasterined 

by the gradient magnitude in the image, the greatest value change which is ob- 

served in the direction of the corresponding intensity maximum in the region of 

the ridges of the image of greatest field curvature. The maximum gradient value 

and maximum curvature at various image scales were then used in the area ex- 

pansion algorithm. The algorithm was tested on images without a red component 

and fluorescent retinal angiograms and showed, according to the authors, promis- 

ing results. A modification of this spatial-scale algorithm is made based on the 

observation that the image intensity is proportional to the amount of blood in 

the vessel. Therefore, a diameter-dependent equalization factor was applied to 

multi-scale information. 

A method has been developed for extracting the Central line of the vessel 

which finds the path with the lowest. cost. using a vector multi-scale representation 

of the image. To obtain a binary image of vessels for each pixel, the best filter 

response is determined, which is then subjected to threshold processing. Further, 

other image processing methods are used to obtain segments containing vessels. 

The approach proved that the width of the vessels can be measured based on the 

amplitude parameters of the filter giving the best response. Measuring the width 

of the vessels allows not only to estimate the size of the vessel, but can also be 

useful for optimizing the parameters of the matched filter [22]. 

The classifier was applied to images processed by a multi-scale filter to select. 

candidates for belonging to the vessel among pixels. The classifier is essentially 

a Bayesian netwo 

s is represented as a linear combination of Gaussian functions 

classification without the use of training search for 

Is in retinal images. These algorithms do not re- 

rk in which the distribution function for each of the classifi- 

cation parameter 

Approaches based on pixel 

patterns specific to blood vesse 
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quire direct use of the ang sample. In this paper, we have proposed a Wet hod 

for expanding regions based on the analysis of information about the gradient and 

curvature of the field. 

The paper presents a fuzzy clustering algorithm that uses pixel separation by 

vessel membership to trace on angiographic images. Their algorithm uses only 

information about the intensity of the image and does not make any assumptions 

about the shape of the vessel. The fuzzy grouping algorithm is applied to each 

probable vessel. Each area of the image that contains more than 3 points belong- 

ing to vessels is considered as a candidate for the starting point of the iterative 

fuzzy tracing algorithm. False candidates are discarded by the algorithm within 2 

or 3 iterations. The surprising feature of the algorithm is that it does not use any 

boundary information to determine the position of vessels, which reduces sensi- 

tivity to noise, nor does it make any assumptions about the vessel profile model. 

Moreover, the algorithm does not require any configuration or initialization ac- 

tions. The algorithm does a good job of tracing clearly defined vessels, but does 

not take into account small-diameter vessels and low contrast. 

A clustering algorithm is proposed that uses distances based on the principle 

of displaying the distribution of image pixels. The algorithm uses the green color 

channel of the image, local maxima of the gradient, and local maxima of the 

eigenvalues of the Hessian matrix. The algorithm was compared in efficiency with 

the algorithm and showed better results when detecting small vessels. The fuzzy 

segmentation method used information about the intensity of the red and green 

color channels of the image to correct uneven illumination.



6. Conclusion 

In summary, we report a fully automatic method for the segmentation of subretinal 

quid. Our framework can handle intensity inhomogeneity which can be seen in 

B-scan images. Compared with the other existing methods, the advantage of our 

method as follows: firstly, this method limits the spatial extent of the fluid region 

in B-scans by incorporating region of interest and thus improves the segmentation 

performance. Second, the experimental results reveal that two-stage automatic 

framework is robust to possible errors of automatic layer segmentation compared 

with SS-KNN method. Furthermore, linear discriminant analysis based level set 

segmentation can provide a smooth boundary of the subretinal fluid. 
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