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Segmentation of Blood Vessels from Eye Fundus Images 

 

     Parul Datta 

Abstract: Remote ophthalmic screening to check for diabetic retinopathy (DR) is possible with the help of 

portable imaging sensors and cloud networks technologies. This has been possible with the help of 

“connected wireless fundus cameras” and remote Internet connectivity. The first step after the collection of 

the images is the processing of images to extract features from the images that exactly match the modality 

under observation. This article attempts to evaluate blood vessel segmentation algorithms and introduce an 

improved version of the vessel algorithm.  The evaluation of six segmentation approaches shows that ISO 

clustering algorithm is performing best as compare to the use of ostu, sobel, Prewitt ,xxx  

Keywords: Remote telemedicine, Internet of Camera   

Introduction: 

 

Remote Health Services[1] in far-flung  areas can be improved with help of technologies such as wireless, 

cloud and medical sensors. In fact, we are on the verge of entering into a new paradigm,where most of the 

services in almost all domains are converging into cloud Infrastructure. Same is true for medical devices 

can be connected with the Cloud using a microcontrollerand wireless modules[2][3][4]. Lot of work is now 

focused on the integration of the medical devices and sensors with cloud due birth of new health care 

models.  

Remote Ophthalmic facilities[5][6] can also be developed to help subjects who are almost blind or suffering 

from problems of mobility due to lack of facilities and support from the community. The requisite, however, 

is the equipment, software and trained staff that can deliver high quality remote clinical and ophthalmic 

diagnoses.  

Optic Coherence Tomography:  

In an effort to find ways to exam eyes in a noninvasive way a technology called OCT or the Optic Coherence 

tomographywas applied to diagnose of eye disease[7][8].  This method of examination uses light waves to 

takes cross-section images of the retina. The images can be analyzed for detecting glaucoma, cataracts, 

bleeding in vitreous, retina diabetic, age-related eye complications, macular edema and many more.  

The technology has undergone many changes since it was first applied to taking cross-section images of 

the retina. The resolution of the images taken by the system has improved due to the introduction of 

broadband light sources. It has also given birth to the development of portable probes that aid the doctors 

in their workflow. The use of dyes has made the process more easy, accurate and useful for detecting foreign 

particular in the eyes as the images generated have more detail. Technically, the ophthalmic procedures 

follow a protocol to getting accurate “region” of an eye for a specific eye ailment. For example, usually, 

the most common scanning protocol followed in the detection of glaucoma imaging includes the scan size 

of 3.4 mm around the optic never head and six equally spaced radial scans through the macula (6 mm) and 



optic nerve (4 mm)[9]. Based on the protocols the images are generated for the detection of glaucoma. 

Similarly, other modalities of the eyes are examined based the image scanning protocols[10].  

 

Fundus Photography: 

It is a branch of photography that focuses on the images of the eyes[11][12]. This branch of photography 

can help ophthalmic telemedicine[5] more powerful. This camera helps to document the retina, the tissues 

in the eye and the neurosensory veins and capillaries in the eye. It is performed with the help of many light 

color filters such as red, blue or special colored dyes (fluorescein, indocyanine green)[13][14][15][16]. In 

a realsense,these devicesare a kind of digital microscope. That has attached a digital camera that has some 

prefigured filters to maximize the capturing of eye retina. These digital microscopes are extremely helpful 

in the diabetic screening process and now with the advent of the many wireless technologies, these 

microscopes can now be remotely controlled using Internet connectivity.   

The microscope provides the magnification and focuses on eyes at an angle of specific angle (typically 30 

degrees)[17][18]. While the camera produces a chance to capture the eye retina at 2.5 times the normal size 

of the retina .This makes the screening process easy for evaluations. This camera, if equipped with a wide-

angle lens help to produce high-quality images. These images are normally captured after the dilation of 

the eyes and the quality of images depends on the technical mastery of the person operating the camera 

equipment. In this process, the images may suffer from defects such as blurred focus, white color imbalance, 

improper exposure, noise, significant unwanted artifacts.  The alignment of the stereo images, problems 

related to lens correction and aberration may be required to be rectified before the images screening can 

really happen. 

Typically, a diseased condition in the eyes can be classified into four modalities: 

1. Blood Vessels: Formation of unwanted blood vessels can lead to eye complications. Images of an 

unhealthy eye will show the formation of unwanted blood vessels. Just like an expert, the image 

processing algorithms should be the ability to spot, mark and segment such healthy growth of blood 

vessels. In this section, we review the segmentation method that would be best suited for blood 

vessel segmentation.  

2. Exudates: Development of Irregular and bright color spots in the eyes is an indicator of eye 

ailments. These need to be segmented and analyzed by the automated systems for detection of the 

specific eye diastasis 

3. Hemorrhages: Chunks of blood appearing as red blobs. Visually, it can be understood as a high 

degree of eye redness. The condition may be conjunctiva or glaucoma. For constructing a 

computerized system the first step is to segment such red blobs.  

4. Microaneurysm: Blood filled bulges in the artery walls of the eyes. It is kind of swelling that need 

to be segmented for construction of an automated algorithm for its detection.  

 



Blood Vessel Segmentation: 

 

As mentioned in the introductory paragraphs that the success of the remote services depends on the 

amalgamation of image processing technologies, cloud, and medical sensors. This section gives an 

overview of the image processing operations, methods, and algorithms that help to build data sets, 

repositories to automate the process of remote -telemedicine in eye care.  The medical condition of 

the eyes may be glaucoma, cataract, diabetic retinopathy, macular degeneration, astigmatism or any 

other type of eye complications the remote facility should be able to facilitate all types. But, it is 

clear from the study of procedures, methods and medical protocols that each modality requires a 

specific type of diagnostic workflow. The block diagram [] gives generic flow of information on 

how by tracking the changes in blood vessels can lead diagnoses of eye ailments.  

     

     

 

 

 

 

 

 

 

 

 

 

   Figure 1: Eye Normality Test  

 

The normality test defines the normal shapes,thickness, size and color texture properties of the 

blood vessels  for a normal or the healthy subject . Any deviation from the standard deviation can 

lead to diagnoses of eye problems. Hence, in clinical examinations, automatic image segmentation 

of the blood vessels aids in measuring the damage done by the disease condition on the eye . This 

helps to delineate pathological regions in the eye and help in image-guided support to overcome 

the eye complications and medical conditions. Accurate segmentation of the blood vessels can be 

used to obtain quantitative information on the physiological changes in the eyes. 
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      Machine learning and Optimization algorithms:  

 

The health of the blood vessels in the eyes depends upon many factors. Typically when a person is 

under some stress due to a disease   in the eyes the blood vessels undergo morphological, color and 

texture changes.  These changes (features/characteristics of diseases condition) can be captured 

using imagery hardware and software, and later on, subjected to machine learning and optimization 

algorithms to almost replace the examination process done these days manually.  Significant work 

can read from the contemporary literature on the use of neural networks, support vector kernels, 

regression-based algorithms, and trees for supervised classification of health and unhealthy eyes.  

In most of the research work is focused on fine-tuning these existing algorithms. This forces   to 

dwell on the on evaluations of the previous algorithms before constructing new systems of 

diagnoses, detection, and facilities on medical modalities. Moreover, the experience   shared by 

many researchers’ shows that the   configuration and tuning of machine learning algorithms is a 

tiresome yet critical undertaking, as the performance of an algorithm can be dependent on the 

optimal configurations of hyperparameters. This can be done by initiating explorative studies on 

performance and optimization of the algorithms with new data sets. These explorative evaluation 

studies of an algorithm can be manual or automatic in nature to fine tune the parameters of the 

optimization and machine learning algorithms. In the context of the detecting eye complication 

with features of blood vessels, the prerequisite is to have high-quality image dataset of eye areas 

having blood vessels demarcate or segmented.  

 

 Review:  

A medical examination of the retina images shows that   funds eye image will have arteries as well 

as veins. The image will have the optic nerve and a disc. Other than this eye may have exudates 

and watery tissues. The person might be suffering from single or multiple modalities or he/she may 

be at different stages of eye diseases. As mentioned earlier the expertise in handling the camera 

also matters in terms of the clarity, quality, resolution, and number of artifacts in the images. Due 

to all these factors.  Due to all these factors, it is amply clear that to segment each type of “ROI” 

region of interest (optic nerve, optic disc[19][20], blood veins, blood vessels, exudates[21],noise, 

artificial camera artifacts etc.[22] ). There is a need to employ multiple types of segmentation 

approaches, algorithms, and methods to extract the blood vessels. The survey of the available 

dataset for blood vessel segmentation shows that most of the images, when acquired by the fundus 

cameras, are quite big (typically 3000x 2000 pixel) in size and need to downsampled or resized 

with the loss of information from the images.  After this argumentation on the region of interest is 

either located by using an algorithm or the images undergo cropping process, which is based on the 

probability.  By doing cropping the borders and other unwanted regions are removed. It is in fact, 

a way of rescaling the images to the suit the purpose. The authors[23] subject the fundus image to 



color balance, contrast adjustments, and brightness adjustments  [20] to improve the chance of 

getting accurate segmentation results. In current literature artificial padding [] around the mask has 

also been used as preprocessing step.  

Pieces of evidence come up of authors [24][25][26][27]constructing several filters and image 

processing pipelines to extract features, that too manually. This is attributed to the fact, that it 

required a lot of elimination and removal of many objects to finally extract the blood vessels. 

Symmetric, as well as asymmetric filters, have used as a precursor   to running the thresholding 

methods to get the blood vessels of the eyes. Adaptive thresholding[22] and local entropy [28] has 

been frequently used as helping procedure to get the blood vessels. The author has used the concept 

of ‘tracing lines ‘[29][30]to find the vessels. This method is similar to the procedure of 

skeletonization. 

 

The authors [31] have used the concepts from differential geometry to get the segments of vessels 

from eye images. In such an approach, it is defined that the two “principal curvature”[31] at a given 

point of a surface are the eigenvalues. As the blood vessels branch out and form it shapes the 

concepts from differential geometry become helpful in the location of the blood vessels. The 

authors have claimed theCurvelet-based edge detection can be used with good results for extraction 

of blood vessels. Cellular Potts models have been extensively used for modelingcellular networks 

in biomedicine. The current literature gives knowledgeof the  use of this automata theory [32]and  

potts modeling for understanding blood and cell vessels morphology . This approach  helps  to 

understand the shape of cells  and mathematical models to understand  the “morphogenesis” of 

cells , which means the behavior of cells in termsshape and pattern as they grow or die. This is 

extremely important for detecting unnatural growth of blood vessels in the eyes. 

 

Edge detection methods such as canny, sobel have been ignored in favor of Kirsch operator[33] 

method for segmenting the blood vessel boundaries. It was also found that sobel, canny also do not 

perform well when compared with top hat transformation methods of image extraction[27] In white 

top hat approach   defines the difference between the opening structural element (shape fits or 

misses the shapes in the image) and the input image. In case, of black toptransformation approach, 

there is a comparison between the closing operations. 

 

It appears that authors have ignored the output given by the edge detection algorithms such pewit, 

canny and sobel and have work in the favor of using kirsch’s template concept for building the 

boundaries and edges of the blood vessels. But, the authors [24][34][35] have used morphological 

mathematics to segment the vessels. Morphological operations such as open, closing, dilating etc. 

have been used along with the pipeline of filters and thresholding methods. Clustering algorithms 

such as Isodata , Fuzzy[19],kmeans that help in thresholding have also been used to get prominent 

blood vessels. Random Field models have been used by authors [36][37] for  extracting blood 

vessels with good success ratio .  

    

The health of the vascular network of the eyes is most for the person to remain mobile and 

independent in life. An unwanted growth or thinking of the blood veins is not a good sign of health. 

To overcome this challenge the authors [38] have used the  convolution networks and deep learning 

approach to extract the blood vessel health extract. Use of machine learning algorithms to 

automatically differentiate between the artery and veins have also been reported.  

  

Publically available dataset include DRIVE[24] , STARE [24][39] ,diaretdb1[40][41][39][42]  

CHASEDB1[43], Kaggle Retinopathy dataset[44] and HRF[45]. All of this datasethas been made 

to promote collaborative research work in related to the eye-related diseases. Thesedatasetshave 



high-quality images that can be used to construct machine learning algorithms. These image set 

also contain the images marked by the experts based on which the ground truth can be validated. 

Neural Networks [35][46][38][47]and Deep learning algorithms [48][49][50]also find a place in 

the current literature related to the automation of the eye malfunction detection.  

 

Current Gaps and Challenges: 

 

1. Separation of medically relevant blood vessels for eye disease detection from other parts, 

boundaries of the eye morphology is a challenge. The pixel intensity and  color variation values are 

most important features that can help to distinguish the blood vessels from the boundaries , tissues 

of eyes but at the same time, these features make to separate the blood vessels due to tight range 

values.  

2. Quality of Images: To improve the quality of eye images, the scan time of “region of interest “needs 

to be optimal to acquire medical grade quality of images. Due to the small scanning time, the quality 

of the images sometimes is not good. Secondly, the expertise level of the person taking images also 

impact the quality of the images.  

3. Under or Over-Focused Images : To compensate for the artifacts and noise  for quality 

improvement, an application smoothing can lead to loss of details in the images and ultimately may 

lead to reduced fidelity of the image. 

 

Problem Statement: 

 

The previous algorithms have been using pipeline of filters for identifying the intersections of the 

blood vessels in the retina  and then applying multi-range  global thresholding algorithms to collect 

the region of interest (ROI) I,e blood vessels. Practical of edge detection masks such as Kirsch 

template sometimes miss certain blood vessels due to a sensitivity of noise and artifacts in the 

fundus image.Then overgrowth of blood vessels leads to different orientations of lines due to which 

the segmentation algorithms miss edges. This is true especially in cases where the pixel value being 

supported is of the small range. In such cases, a custom edge detection mask may be lead to better 

detection of blood vessels in combination with the adaptive thresholding methods. Application of 

contrast stretching algorithm may help to increase the gradient between the soft and hard edges and 

consequently help in better blood vessel segmentation. 

 

 

 

 



 

 

Methodology:   

Fluorescein angiographyis a medical procedure for examination of eye health. The process involves the 

identification of unwanted growth in a number of blood vessels and measures the changes in thickness and 

shape of the blood vessels. The changes in the shape of blood vessels, changes in the thickness of blood 

vessels and changes in the overall size can be observed using the manual as well as automated examinations 

protocols. Since this work entails to automatic analysis of the eyes, these sectionsgive information on the 

algorithm used for segmenting the blood vessels. This section gives information about the details of the 

image segmentationalgorithm that have been developed to improve the previous methods of extraction of 

the blood vessels.The implementation of the process can be understood from the block diagram [] . 

Dataset :  

For this research work DRIVE [] dataset has been used. The dataset contains images obtained from the 

retinopathy screening in the Netherlands. The 400 subjects are between the age of 25 and 90 years. The 

images were acquired. The camera equipment used for collecting the data used was Cannon CR5 non-

Mydriatic 3CCD camera []. All the images items in the databased have been used in real life for clinical 

diagnoses. The identity of the subject's information has been  anonymized to obey the conventions and rules 

of privacy. 

 

 

 

 

 

 

 

 

 

 

 

  Figure 2 :  Segmentation Flow 
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Step 1:  

 

The detection of the blood vessels depending on how accurately we can compute the gradients or the 

image derivative of various segments that make the complete image. The value of a rate of pixel intensity 

change gives an opportunity to detect boundaries and edge of the objects in the images. But, due to 

addition of unwanted artifacts and noise the image derivative change abruptly leading to detection of false 

edges or segments of images. Therefore, after the preprocessing steps such as denoising, there is a need to 

compute the pixel intensity difference based on forward, backward and central difference from a reference 

point. This done typically by using image 2D convolution filters    including  Prewitt,  LOG, Laplacian 

Sobel , Mean filters .The table [] giving informaiton on the filter attributes used in this  research work. All 

of these convolution kernels  based on the concept of derivative filtering  that help to detect the areas of  

change in the images. 

 

    

S.No Convolution 

Gradient Kernel 

Size Filter Attributes / Kernel 

approximation matrix 

Descriptions 

1 Prewitt 3x3 Gx=[+1 0 -1; +1 0 -1; +1 0 1] (X –

direction ) 

Gy=[+1 +1 +1; 0 0 0; -1 -1 -1] (Y-

dicrection) 

Horizontal edge 

emphasizing filter 

2 Laplacian of 

Gaussian filter 

5x5  

 

[ 0 0 -1  0 0 

0 1 -2  1 0 

1 2 -16 2 1 

0 1  2  1 0 

0 0  1  0 0] 

 

 

 

 

Laplacian of Gaussian 

filter, Since, the derivative 

of image are very sensitive 

to the noise , artifacts ,It is 

preferred to smooth the 

image by using filter such 

as Gaussian 

3 Laplacian Filter 3x3 [0 1 0 

1 -4 1 

0 1 0] 

Approximates the two-

dimensional Laplacian 

operator 

4 Low Pass 

Gaussian Filter 

3x3 Sigma = 0.1  

Gaussian low pass filter. 

 

5 Sobel 3x3 Gx=[-1 0 1; -2 0 2; -1 0 1] 

Gy=[-1 -2 -1; 0 0 0; 1 2 1] 

Horizontal edge 

emphasizing filter 

6 Mean 9x9 ones(n(1),n(2))/(n(1)*n(2)) 

 

Based on the average 

intensity of the image 

 

   Table 1 : Properties of Convolution Filter Used  

 

 

 

 

 

Step 2:  

 



The second step is to construct the algorithm in such a manner that the image process does not consume 

too much of computational and storage resources. For this, each image is subjected to the PCA 

mathematics to extract the coefficients. But, before this step the color model of the image matrix is 

changed to get better approximation of pixel intensities for segmentations . This helps to transform each 

image into an invariant matrix and reduces its digital size. The steps involved in running the principal 

component analysis are as follows: 

 

1) Compute the covariance of image matrix ‘Ilab’ 

2) Sort the computed the eigen vectors and respective values in decreasing order. 

3) Select first ‘k’eigen to construct new matrix with ‘k’ dimensions. This steps helps to identify 

the principal directions of variations between the Image matrix . 

4) Run transformation on the original image ‘n’ dimension into new ‘k’ dimensions  

 

Step 3: Elimination of the background   pixels (Filtered image ‘JF’ generated using filters mentioned in 

table [2]) to arrive at the intensity values to match the blood vessels intensity. This is done with help of set 

theory  using subtraction method 

 

 IF  = JF- J  , where JF is the filtered generated image matrix  containing blood vessel pixels , J is 

the   image matrix with maximized (Stretched) contrast.  

 

 

Step 4: In this step, Global Thresholding methods is applied to collect and group the pixels that have an 

intensity greater that level or threshold found by the automatic thresholding methods. This step also 

includes removal of the pixel that are too small to be considered as blood vessels. In these two types of 

methods were compared viz, Isodata and  Ostu.  The ostsu method of clustering is based on the principals 

of reducing interclass variation. The Isodata method of pixel clustering is based on splitting and merging 

groups based on the standard deviation. Following are the results of these methods with various 

combinations of edge derivatives |kernels mention in the table [1]  
 
 
 
 
 
 
 
 
 
 
Pseudo Code :  
 

In this section, the logic behind segmentation of the blood vessels from the eye images has been explained 

using pseudo code.  The process involves multiple steps and each step is explained with comment long 

with the logical statement.  
 



 

 

Input: Set of Fundus Images, ‘I’, Threshold ‘t’= 0.008, 

Filters ={Sobel, Prewitt , laplacian, log,Gaussian},Pixel_Clustering_Algos = 

{ostu,iso}   

 

Output : Segmented Array ROI(s) : ‘Is’ 

 

Initialize : Directory Path ‘D’,filename = ‘f’, Counter ‘C’=0   

 

 

 

For each Filter in Filters 

 For each Algo in Custering_Algorithms  

  For ‘f’ in ‘D’ 

For each I in Images 

 Irbg = Read Image Matrix (I) 

 Irg =  Resize Image Matrix (Irgb) 

 Ilab = Convert RGB to LAB ColorSpace 

[C , S] = PCA(Ilab)  // eigen vectors  
S = S(:,:,1); // 
gray = (S-min(S(:)))./(max(S(:))-min(S(:))); 
J = Contrast_ Enchancement(gray)  //Contrast  

CF = Convolution_Filter(Filter)   //Image Derivative Filter  

 JF =Apply_Filter(J,CF); 

 Z = JF-J;// Remove Unwanted background 
Threshold_level  =  Compute_Thresholding_Level(9 9);//Automatic  

 Out = Apply_Thresholding(Z,Threshold_level); //Pixel Clustering 

 Output = Out’ (Complement ) //Final Output of ROI 

End For    

 Return Is = Output;  

 

  

 
 

Results and Segmentation outcomes: 

 

It is apparent from the visual inspection that segmentation done by the ISO method seems to best out of the 

combinations evaluated. Clearly, the sobel, Prewitt, log and XX operators do not perform well to get the 

correct region of interest.  The blood vessels are more distinct and there is clarity  of the shapes of the blood 

vessels.  
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Thus, shifting from the manual (on-site) to partially or fully program eye detection system, that too a remote 

telemedicine system requires the laborious and cautious design of the evaluation process. The Eye disease 

detection framework needs to be exceedingly truthful as per ground truth if it is implemented in real life 

scenarios. For this, the metric “accuracy “ is the first point for analysis of the systems made from statistical 

or machine learning models. However, in the context of the evaluation of image segmentation problem this 

need to be computed with help of random visual inspection methods.  

 

 

 

Limitations: 

It is hard to differentiate between the blood vessels that are pathological in nature from the normal ones. 

Constant efforts and progression can be seen in this context, but a considerable amount of focus is required 

to find methods to validate the assumptions of the healthy blood vessel based morphological features that 

can map the ground truth (Normal or Pathological). This work is limited to just segmentation of the blood 

vessels and not classification of the blood vessels. 

Conclusion and Future directions: 

In this research work, an explorative study has been done to identify the segmentation algorithm(s) that can 

accurately segment the blood vessels in the images of the eye. The purpose of the segmentation is to  help 

in the construction of the systems that help in eye ailment diagnosis , eye disease treatment planning and 

final execution of the eye medical conditions .The paper investigated segmentation approaches that are 

hybrid in nature  as we have  used   image derivatives convolution kernels  in combinations with the data 

clustering/thresholding (Isodata and Otsu) algorithms. And it was found the use of Isodata global 

clustering/thresholding algorithm and YY filter mechanism works best  

The second objective was to identify the weakness of the segmentation algorithms so that fine-tuning the 

best performing algorithm can be done to optimize. The purpose was to also find a way by which the 

accuracy of the best performing algorithm can be improved to the maximum level.   After elaborate 

evaluation and observations following are the conclusions that can draw from this study. 

From this study, it is clear that a single approach to blood segmentationleads to poor results. Preprocessing 

is essential and combinational approach is best for developing algorithms of segmentation of blood vessels. 

Following conclusions can be drawn from this evaluation study. 

 The current literature shows a widevariety of vessel segmentation algorithms, but none of them are 

universallyapplicable to all kinds of eye medical image data. There is always a need to fine-tune, 

optimize or construct new segmentation approaches for a particular set of images.  



 Advancements in medical imagery are producing a higher quality of resolution of images. This can 

help in developing automatic algorithms that can help to detectpathological blood vessel with the 

help of better segmentation and mathematical evaluation.  

 At the same time, higher computing power is also being adopted in context medical imaging 

processing. Due to these advancements parallelization of image segmentation algorithms can be 

done to improve the overall efficiency image processing.  
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