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Abstract— Analysis of retinal blood vessels (vasculature) from 

the fundus images has been widely used by the medical 

community for diagnosing complications due to hypertension, 

arteriosclerosis, cardiovascular disease, glaucoma, stroke, and 

diabetic retinopathy (DR). Automated blood vessel segmentation 

systems can be useful in determining variations in the blood 

vessels based on the blood vessel branching patterns, blood vessel 

width, tortuosity, and blood vessel density as the pathology 

progresses. First, the number of pixels under classification is 

significantly reduced by eliminating the major blood vessels that 

are detected as the regions common to threshold versions of high 

pass filtered image and morphologically reconstructed negative 

fundus image is passed through top hat process. The image is 

then processed using the Gaussian and Gabor derivatives. Then 

the extraction of optic disc is mainly based on mathematical 

morphology along with principal component analysis (PCA). It 

makes use of different functions such as watershed 

transformation and Hough transform to detect the optic disc.  

 

Keyword  : diabetic retinopathy (DR), optic disc (OD), principal 

component analysis ( PCA).  

 

 

I  INTRODUCTION 

Retina pictures of human beings contribute significant role in 

the diagnosis of eye diseases for ophthalmologists. Some 

diseases such as glaucoma, diabetic retinopathy, and macular 

degeneracy are serious as they lead to astigmatism if they are 

detected too late. Therefore, automatic detection for retinal 

images is necessary, and among them detecting blood vessels 

is primary. The knowledge of blood vessels, such as length, 

width, tortuosity and branching pattern, not only provide 

information on pathological circumstances but also grade 

disease austerity and automatically analyze diseases. 

However, manual detection of blood vessels is much more 

difficult since the blood vessels of retral images are 

complicated and low in contrast. Besides there are a number 

of retral images to judge a disease. Hence, a manual 

measurement becomes tiresome. As a result, sterling and 

automated techniques for extorting and calculating the vessels 

in retral images are needed. Segmentation of retral image 

structures has been of great interest because it can be utilized 

as non-protruding diagnosis in recent ophthalmologic 

methods. The morphology of the retinal blood vessel and the 

optic disc is an important structural indicator for assessing the 

presence of rigor retinal diseases such as diabetic retinopathy, 

hypertension, glaucoma, hemorrhages, vein occlusion and neo 

vascularization. However to assess the diameter and tortuosity 

of retral blood vessel or the frame of the optic disc, manual 

planimetry is commonly been used by ophthalmologist, which 

is generally time consuming and prone with human error, 

especially when the vessel structure are sophisticated or a 

huge count of images are attained to be classified by hand. 

Therefore, a reliable automated method for retinal blood 

vessel and optic disc segmentation, which preserves several 

vessel and optic disc features, is attractive in system served-

analysis. An automated segmentation and inspection of retinal 

blood vessel features such as diameter, color and well as the 

optic disc morphology allows ophthalmologist and eye 

concerned consultants to perform huge vision masking tests 

for early identification of retral diseases and treatment 

evaluation. This could shield and curtail vision deterioration; 

age allied diseases and many cardiovascular diseases as well 

as reducing the cost of the screening. Over the past few years, 

several segmentation tactics have been inked for the 

segmentation of retral structures such as blood vessels and 

optic disc and diseases like lesions in fundus retinal images. 

However the acquisition of fundus retinal images under 

variant circumstances of radiance, resolution and field of view 

(FOV) and the overlapping tissue in the retina cause a 

significant degradation to the pursuance of automated blood 

vessel and optic disc segmentations. Thus, there is a must for a 

reliable technique for retinal vascular tree extraction and optic 

disc detection, which preserves various vessel and optic disc 

shapes. 

 

II  RELATED WORKS 

Muhammad Moazam Fraz Paolo Remagnino,[1] et.al. 

Explains a new supervised technique for segmentation of 
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blood vessels in retral photographs. This method uses an 

ensemble system of bagged and upgraded decision trees and 

promoted a feature vector based on the orientation inquiry of 

gradient vector field, morphological transformation, line 

strength measures, and Gabor filter responses. The aspect 

vector conceals information to grasp the healthy as well as the 

prophylactic retral image. The method is evaluated on the 

publicly available DRIVE and STARE databases, frequently 

utilized for this purpose and also on a unique public retinal 

vessel statement dataset CHASE_DB1 which is a subset of 

retinal images of multiethnic children from the Child Heart 

and Health Study in England (CHASE) dataset.                    

The enforcement of the ensemble system is appraised in    

detail and the incurred accuracy, speed, robustness,             

and simplicity make the algorithm a suitable tool for 

automated retinal image analysis. 

 

 R. Priya and P. Aruna [2] et.al. In this paper, to analyze 

diabetic retinopathy, three models like Probabilistic Neural 

network (PNN), Bayesian Classification and Support vector 

machine (SVM) are defined and their performances are 

related. The amount of the disease spread in the retina can be 

identified by extracting the characteristics of the retina. The 

characteristics like blood vessels, haemmoraghes of NPDR 

image and exudates of PDR image are obtained from the raw 

images using the image processing techniques and fed to the 

classifier for classification. A sum of 350 fundus images were 

used, out of which 100 were used for guiding and 250 images 

were used for testing. Experimental results show that PNN has 

a veracity of 89.6 % Bayes Classifier has averacity of 94.4% 

and SVM has averacity of 97.6%. This infers that the SVM 

model outperforms all other models.  

 

Ana Maria Mendonça, Senior Member,[3] et.al .Explains   that 

an automated method for the segmentation of the         

vascular network in retinal images. The algorithm starts     

with the extraction of vessel highlights, which are used          

as instructions for the consequent vessel filling phase.         

For this purpose, the outputs of four directional differential 

operators are processed in order to select interconnected     

sets of successor points to be further classified as centerline 

pixels using vessel derived features. The final segmentation    

is obtained using an iterative region growing method           

that conforms the chapters of various binary images producing 

from vessel width reliant morphological filters.  

 

Adam Hoover, Valentina Kouznetsova, Michael Goldbaum, 

[4] et.al. describe an automated method to locate and outline 

blood vessels in pictures of the ocular fundus. In this method 

differs from evolved known methods in that it uses local and 

global vessel features cooperatively to segment the vessel 

network. A comparison of this method against hand labeled 

ground fact segmentations of five images yielded 65% 

sensitivity and 81% specificity. An earlier known technique 

yielded 69% sensitivity and 63% precise. These numbers 

indicate as the method improves upon the previously known 

technique, but that further improvement is still possible.  

Sohini Roy Chowdhury, [5] et.al. Explains about a novel three 

stage blood vessel segmentation algorithm. In the first stage, 

the green plane of a fundus image is preprocessed to extract a 

binary image after high pass filtering, and another binary 

image from the syntatically reconstructed enhanced image for 

the vessel regions. Next, the regions familiar to both the 

binary pictures are obtained as the major vessels. In the next 

stage, all remaining pixels in the two binary images are 

classified using a Gaussian mixture model (GMM) organizer 

using a set of eight characteristics that are obtained based on 

pixel acquaintance and first and second-order gradient images. 

In the third processing stage, the large portions of the blood 

vessels are associated with the organized vessel pixels  

 

Mr.N.B. Prakash Dr. D. Selvathi [6] et.al. In this paper the 

recognition of optic disc is performed by the entropy 

measurement of gray images and the blood vessels are 

segmented by the suggested method named Range filtering 

accompanied by thresholding, closing and thinning. The optic 

disc detected by the entropy technique has been made 

confirmed for its accuracy by simply keeping segmented retral 

blood vessels over the last image.  

 

Jestin. V.K [7] et.al. This paper proposed that the retina is the 

only tissue in human body from which the information of 

blood vessel can be unswervingly attained. Therefore, a 

reliable automatized method for  retral blood vessel and optic 

disk segmentation,  which conserves several vessels and optic 

disk features, is attractive in system-aided analysis. However                   

here implement a new competent method for the detection 

diseases using the retral fundus image. In this foreseen       

work, initial step is the infusion of retral vascular                 

tree by graph cut method. The blood vessel facts are then   

used to evaluate approximately the location of optic           

disc.  

 
Shaikh Anowarul Fattah [8]et.al. This paper represents an 

algorithm to automatically find landmark features of retral 

image, such as optic disc and blood vessel. The identified 

scheme uses common functions like edge detection, binary 

thresholding and morphological operation. Thus, the technique 

may provide a  proper solution in automatic huge masking and 

analysis of the retral diseases because of its simplicity and 

substantial reduction of execution time. 

 

 

III  PROPOSED WORK 

 

3.1 Blood vessel segmentation 

The proposed method for blood vessel segmentation       

consist of three stages1) preprocessing 2) Major blood    

vessel extraction 3) Sub image extraction. The details of the 

three stages are explained below with the block diagram.  

International Journal of Pure and Applied Mathematics Special Issue

1054



 
 

 

Fig 1 Proposed blood vessel segmentation algorithm 

 

3.1. 1. Pre-processing 

The first preprocessing stage requires the green plane of the 

fundus image and a fundus mask. The fundus mask is 

superimposed on image followed by contrast adjustment and 

blood vessel enhancement, resulting in a blood vessel 

enhanced image. To extract the dark blood vessel regions from 

image, two different preprocessing policies are implemented. 

First, a smoothened low-pass filtered version of image is 

subtracted from enhancement image to obtain a high-pass 

filtered image.  
 

3.1.2 Extracting the green component from the RGB image 

An RGB facsimile represents each element color as a set of 

three values, representing the red, green, and blue intensities 

that make up the color. These intensity values are stored 

directly in the image cluster. In MATLAB, the red, green, and 

blue components of an RGB image inhere in a single m-by-n-

by-3 array. m and n are the number of rows and columns of 

pixels in the image, and the third dimension abides of three 

planes, containing red, green, and blue ardor values. For each 

pixel in the image, the red, green, and blue elements combine 

to create the pixel‟s actual color. For further processing, the 

green component of the RGB input image is extracted.  
 
 

3.1.3. Contrast adjustment and blood vessel enhanced 

image. 

The aim of image enhancement is to improve the 

decipherability or sagacity of information in images for 

viewers, or to provide `better' input for other automated image 

processing techniques. Image enhancement methods can be 

classified as two categories.1. Spatial domain methods, which 

operate directly on pixels, and 2. Frequency domain methods, 

which operate on the Fourier transform of an image. 

Adversely, there is no general theory for determining what a 

`good‟ image enhancement technique is when it comes to 

human perception. However, when image enrichment methods 

are used as pre-processing devices for other image processing 

techniques, then quantitative measures can determine which 

techniques are most appropriate. Adjust image intensity values 

or color map. Contrast adjustment maps the intensity rate in 

grayscale image I to new values in J such that 1% of data is 

saturated at low and high intensities of I.. 

 

      
a)                                                b) 

        
                          c)                                                d) 

 

Fig 2.a) Normal retinal image. b) Extraction of green 

component. c) Contrast adjustment. d) Blood vessel 

enhancement. 

 

3.1.4. Low pass filter and high pass filter  

A low-pass filter is a filter that passes low-frequency signals 

and abates signals with frequencies higher than the cut-off 

frequency. The actual amount of depletion for each frequency 

differs depending on distinct filter design. Smoothing 

essentially a low pass operation in the frequency domain. 

Several standard forms of low pass filters are Ideal, 

Butterworth and Gaussian. A high-pass filter is a filter that 

passes high frequencies well, but abates frequencies lower 

than the cut-off frequency. Sharpening is fundamentally a high 

pass operation in the frequency domain. There are several 

standard forms of high pass filters such as Ideal, Butterworth 

and Gaussian high pass filter. All high pass filters is often 

represented by its relationship to the low pass filter. 

 

𝐻ℎ 𝑝 = 1 –𝐻𝑙𝑝 

 

                        
               a)                                                b) 

                                    
                                                   c) 

 

Fig 3. a) Low pass filter image  b) High pass filter  image 

c) R-region 
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3.2 Major blood vessel extraction 

 The red regions corresponding to the dark pixels are extracted 

from the negative of enhancement image and use 

morphological Top-Hat operations, to fit the length of pixels 

for the linear structuring element is chosen to approximately 

fit the diameter of the biggest blood vessels in the images and 

select the threshold to extract the major blood vessels for the 

retinal images. 

 

3.2.1 Morphological operations 

Morphological techniques typically probe an image with a 

little shape or template known as a structuring element. The 

structuring element is set at all possible positions in the image 

and it is compared with the corresponding neighborhood of 

pixels. Morphological operations differ in how they carry out 

this comparison. Next, linear structuring elements each of 

length 15 pixels and 1 pixel width and angles incremented 

from 0 through 180◦ are used to generate top hat 

reconstructions of R. The length of 15 pixels for the linear 

structuring element is chosen to approximately fit the diameter 

of the biggest vessels in the images. The Top-hat block 

functions top-hat filtering on an intensity or binary image 

using a predefined neighborhood or structuring element. Top 

hat filtering is the equivalent of decreasing the result of 

performing a morphological opening activity on the input 

image from the input image itself. 

 

 

         
               a)                                      b) 

 

Fig 4.  a) Top-hat operation b) Extraction of major 

vessel output 

 

3.3 Sub-image Extraction process 

The proposed approach of separating the methods for 

identifying the thick and fine blood vessel regions enhances 

the robustness of vessel segmentation on normal and abnormal 

retinal images in two ways. First, the major vessel regions 

comprising of 50–70% of the total blood vessel pixels are 

segmented in the first stage and the second stage, thus the 

extracted sub-image pixel uses both Gabor filter and 

derivative of Gaussian filter. 

 

3.3.1 Gaussian filter 

Gaussian filtering is used to blur images and remove noise and 

detail. Gaussian filters are ideal to start experimenting with 

filtering because their design can be limited by operating just 

one variable the variance. Gaussian filter function is defined 

as 

 

 

 

The value of the sigma (the variance) corresponds inversely to 

the amount of filtering, lesser values of sigma means extra 

frequencies are suppressed and vice versa. The Gaussian filter 

is a non-uniform low pass filter. The kernel coefficients 

diminish with proliferating distance from the kernel‟s medial. 

Central pixels have a higher weight than those on the 

periphery. Larger values of σ produce a wider peak (greater 

blurring). Kernel size must proliferate with multiplying σ to 

maintain the Gaussian type of the filter. Gaussian kernel 

coefficients depend on the value of σ. At the edge of the mask, 

coefficients must be near to 0. The kernel is orbitally 

symmetric with no directional inclination. Gaussian kernel is 

separable which allows quick computation 25 Gaussian kernel 

is separable, which allows quick computation. Gaussian filters 

might not preserve image brightness. 

 

3.3.2 Gabor filter 
Gabor filters are broadly used in texture analysis, edge 

detection, aspect extraction, disparity estimation (in stereo 

vision), etc. Gabor filters are special classes of band pass 

filters, i.e., they allow a certain „band‟ of frequencies and 

discard the others. When a Gabor filter is applied to an image, 

it gives the highest response at edges and at points where 

texture changes. The following pictures show a trial image and 

its transmutation after the filter is applied. 

 

 
 

When we say that a filter responds to a distinct feature, we 

mean that the filter has a characterizing value at the spatial 

location of that feature (when we‟re dealing with applying 

convolution kernels in spatial domain, that is. It is similar for 

other domains, such as frequency domains, as well). There are 

certain parameters that influence the output of a Gabor filter. 

Here‟s a brief introduction to each of these frameworks.  

K size is the size of the Gabor kernel.  

If k size = (a, b), we then have a Gabor kernel of size a x b 

pixels. As with many other convolution kernels, ksize is 

preferably varied and the kernel is a square (just for the sake 

of uniformity). 

Sigma- is the standard deviation concerning the Gaussian 

function utilized in the Gabor filter. Theta- is the orientation 

of the normal to the laterals stripes of the Gabor function. 

lambda -is the wavelength concerning sinusoidal factor in the 

above equation. Gamma- is the spatial facet ratio. psi -is the 

phase offset. 

 

            

                    a)                                          b)    
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c) 

Fig.5. a) Derivative of Gaussian filter b) Derivative of 

Gabor filter c) The segmented vessel output. 

3.4 Optic disc detection                                              

The detection of optic disc is explained with suitable block 

diagram. 

 

Fig 6. Optic disc block diagram 

3.4.1 Preprocessing 

Most methods of image processing consist of the 

preprocessing stage. The fundus image is given as the input. A 

fundus image is a colored image. It is a combination of RGB 

colors i.e. Red, Green and Blue. From the combination of 

these colors the Green color is extracted from RGB as it 

contains more detailed information in it. The green color of 

the image is used, since it shows a good variation between 

optic disc and the background. This is taken and converted as 

grey color, followed by contrast adjustment, erosion, dilation, 

principal component analysis and image enhancement process 

take place.  

Principal Component Analysis  
(PCA)- It is used to reduce dimension of data without much 

loss of information. PCA is a statistical method. For every 

pixel a window is constructed around it with the pixel as the 

centre .For every case PCA is enforced and the one having 

minimal Euclidian distance encompasses optic disc.  

Erosion-Erosion operation is performed to elevate the 

sharpness of the image by recovering the boundary size of the 

optic disc. Erosion is performed by using same structuring 

element used for dilation. In erosion the output rates of all 

pixels in structuring element is the minimum value of all the 

input pixel values in that structuring element. In a binary 

image, if any of the pixels within structuring element is set to 

0, then output is 0 for all pixels in that structuring element.  

Dilation-.The luminance levels of the region in the structuring 

element are expanded by performing dilation. In dilation the 

output values of all pixels in structuring element is the 

maximum value of all the input pixel values in that structuring 

element. In a binary image, if any of the pixels in structuring 

element is 1, then output is 1 for all pixels in that structuring 

element.  

Image enhancement-Image enhancement is the process of 

adjusting digital images so that the results are more suitable 

for exhibit or supplementary image analysis. For example, you 

can remove noise, hone, or brighten an image, making it easier 

to identify key features. 

 

                                
               a)                                                     b) 

 
c) 

                    

                        d)                                     e)             

Fig 7. a) Fundus image b) gray conversion (extraction of 

green channel) c) contrast adjustment d) erosion and 

dilation. 

3.4.2 Optic disc detection 

The optic disc detection is performed with the help of two 

transform. 

Watershed transform 

The watershed transformation is a segmentation technique for 

grey-scale images. This algorithm is a powerful segmentation 

technique whenever the minima of the image equates the 

objects of interest and the maxima are the separation 

boundaries between objects. It always provides closed 

contours, which is useful in image segmentation. It is used to 

locate lines, curves etc.  

 

Hough transform 

Hough transform is a component extraction technique. The 

Hough transform is used to identify the position of arbitrary 
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shapes, most commonly circles or ellipses. The purpose of the 

technique is to find circles in imperfect image inputs. The 

purpose of Hough transform is to address the problem. The 

Hough Transform is used to identify the positions and 

assimilation of retral image aspects. This transform consists of 

parameterized description of an aspect at any given position in 

the original image space. It can be used for representing 

objects that can be parameterized methodically as in this case, 

a circle, can be parameterized by equation 

   

 
 

ring, (a. b) - centre of the circle, (x, y)- parameters. With the 

help of radius, width and edges the optic disc is detected. 

 

 
a)                             b)                               c)  

 

Fig 8. a) Watershed transform b) Hough transform 

c) optic disc 
 

 

IV CONCLUSION 

 

The new method for blood vessel segmentation and optic disc 

detection of retinal images is proposed. The blood vessel 

segmentation is performed with the help of preprocessing, 

major blood vessel segmentation and sub image extraction 

process using Gabor and Gaussian filter. In optic disc 

detection a new approach for the automatic detection has been 

presented. First, it is cored on the use of a unique grey image 

as input attained through PCA which associates the most 

significant information of the three RGB components. 

Secondly, mathematical morphology has performed. For optic 

disc detection, both watershed transform as well as Hough 

transform has been used. The algorithm has been validated on 

five different public datasets obtaining promising results and 

improving the results. The final goal of the proposed method 

is to make easier the early detection of diseases related to the 

fundus. Its main advantage is the full automation of the 

algorithm since it does not lack any interference by clinicians, 

which releases necessary resources (specialists) it is fast and 

accurate and reduces the consultation time; hence its use in 

primary care is facilitated. Future works can be performed 

with the same set of traits using different algorithms to give 

better result. 
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