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Abstract: Segmentation of vascular structures of retina for implementation of Clinical diabetic retinopathy decision 

making systems is presented in this paper. As retinal vascular structure is with thin blood vessels, prediction accuracy is 

highly dependent upon the segmentation and preprocessing schemes. Complex GSZ shock filters have been used for noise 

suppression and edge enhancement. Binarization algorithms are used to achieve the segmentation of vascular structures of 

the retina. It has been observed that the combination of shock filter and Binarization provides better segmentation results 

compared to morphological and region growing methods. 
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I.INTRODUCTION 

Diabetic Retinopathy is one of the most common diabetic eye conditions which causes blindness 

induced by alterations in the blood vessels of the retina. According to the recent report vision 2020 by 

World Health Organization (WHO) and International Agency for Prevention of Blindness (IAPB), 

Diabetic Retinopathy is found to be responsible for 4.8% of the 37 million cases of blindness due to eye 

diseases throughout the world. In South East Asia the proportion of blindness due to diabetic retinopathy is 

around 7%, whereas in the Western region and Europe is around 17%. It is also reported that setting up 

and running valid cost effective programs for screening and treating diabetic retinopathy require highly 

organized health care systems and well trained personal. Hence the detection of retinopathy has been 

focused by many researchers in the recent past [1-2]. Diabetic retinopathy is influenced particularly by the 

disorders in the blood vessels which are very thin and fragile. Quantitative analysis of retinal blood vessel 

images in terms of length, width, twists and turns branching pattern, can provide new intuitive 

understanding of the truth about vessels [9-13]. Exploring the morphological and functional characteristics 

of blood vessels provide valuable information for diagnosis and study the stage of disease.  

With the advent of computing techniques, the automated segmentation and analysis is expected to 

support the ophthalmologist in the clinical decision making process. Methods for segmenting blood vessels, 

cited in the literature can be categorized as window based methods [3], Classifier Based [4] and Tracking 

based [5]. Chaudhuri et.al [3] proposed a segmentation scheme based on a rotated matched filter, which 

estimates the match at each pixel and against the surrounding window for detection of retinal vessels. 

Nekovei proposed a scheme in which a window surrounding a vessel pixel was modeled by a neural 

network trained on user selected samples. Tracking methods use a profile to model to incrementally step 

along and segment the vessel. The drawback of these algorithms is that for computational feasibility, large 

scale properties of vessels are ignored and hence thin vessel endings and bifurcations are missed.  This 

paper focuses on possible implementation of an efficient scheme for segmentation of features from retinal 

images. 
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II. IMPLEMENTATION OF RETINAL BLOOD VESSEL SEGMENTATION SCHEME 

 

 

 

 

 

 

 

 

 

 

 

Figure1: Flow Diagram of Retinal Vessel Segmentation for possible Implementation of 

Computer aided Diagnosis system for screening Diabetic Retinopathy 

 

Figure 1 shows the flow graph for retinal vessel segmentation using Binarization and skeleton extraction 

process. The mosaic noise suppression and the enhancement of the bifurcations and thin vessel endings 

can be obtained by using any one of the median, Gaussian, kalman or geometric filters reported in the 

literature. Unfortunately these filters do not have the capability to preserve the edges. Retinal images pose 

a highly complex vascular structure with thin bifurcations which makes the preservation of edges highly 

important. Hence the proposed shock filter can be used for eliminating the mosaic noise. Guy Gilboa, [7] 

proposed a de-noising and enhancement technique based on GSZ-shock filter, which focuses on both noise 

elimination and edge enhancement. This approach is an edge preserving technique based on non-linear 

diffusion, in which the image gradient is used to weight the diffusion process in order to smooth the retinal 

image while preserving the vessel edge. The complex shock filter formulation for small  is given by 

      

      (1) 

 

The complex shock filter generalization to 2D is 

 

          (2)  

 

Where  is a scalar. 

The segmentation of the vessel structure of retina is characterized by Binarization process which 

segments the image into two levels object and background. The gray-level images are marked by the 

presence of foreground and the background where the foreground is perceived by locally lower intensity, 

which is consistent throughout the image. The proposed binarization method is inspired by visual 

perception and begins with a morphological partition, where the regions forming the mosaic image are 

distinguished from each other, but have not yet been assigned to either the foreground or the background. 

The process can be accomplished in three steps. The first step assigns the foreground and background 

regions to corresponding categories depending on the valleys and peaks in the histogram. A temporary 

assignment for the unassigned regions are provided to one of the above two categories. Since the boundary 

separating the foreground from the background is perceived in correspondence with strong differences in 

gray-level, the second step is based on the computation of the difference between the representative gray-

level values of all pairs of adjacent regions. In particular, if two adjacent nodes Ri and Rj are such that the 

difference δij=∣ri−r j∣ is the largest possible one, the two nodes are likely to belong one to the foreground 
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and the other to the background. The second step terminates when all regions have been assigned. The 

third step newly examines some of the regions temporarily assigned to the background during the second 

step and possibly changes the status of a few of them provided that specific conditions are satisfied. 

Medial axis representation can be obtained by thinning and pruning algorithm. To obtain a better 

representation of the shape of the retinal vessel, global thresholding techniques alone do not provide the 

adequate results. Hence the local thresholding method is based on local mean value [6].  

Skeleton Extraction 

A retinal image pattern can be well represented by its skeleton. The skeleton of the vessel pattern is 

extracted by the skeletonization algorithm based on local threshold and local mean value [5]. 

     

       (3) 

Where m and n are the indices of local rectangular region. 

 

  

        (4) 

As discussed earlier, Bifurcation and Ending point’s extraction from Retinal vessel patterns are the two 

main features for extraction of vessel structures. Endings are the end points of a thinned line and the 

bifurcation is the junction point of three lines. The directional information is obtained by including eight 

steps in skeletonization process, where each step peels one layer of pixels in a certain direction. For every 

iteration is accomplished, the pattern is one pixel thinner in all directions. When there is no difference in 

between the input and output then the algorithm will be stopped. Different skeleton templates are applied 

to the corresponding direction of peeling. The feedback templates are set to zero and the bias value is set 

to-3 for every step. If the current pixel in the skeleton feature is (xc ,yc) and then its neighbouring pixels 

can defined as Nr (xc ,yc) in a 3x3 matrix. The number of neighbouring pixels, Nc can be given by 

N c = T c      N r (x c, y c)     (5) 

Where Nc is the number of neighbouring pixels of (xc, yc), Tc is the pixel set available in skeleton 

feature. 

 

          (6) 

 

Where Bf is a set of bifurcations, E f is a set of ending points and Vf is a set of pixel in the retinal 

vascular structure. If N c > 3, then (x c,, y c) can be categorized as false bifurcation. 

 

 

 

 

 

 

 

 

Figure 2: Skeleton Templates for Enhancing Vessel Structures  

(a) North (b) North West (c) Northeast (d) West (e) South (f) South West (g) South East (h) East 
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III.RESULTS AND DISCUSSION 

Test image Database: The method described was tested on images of publicly available database, the 

DRIVE database. The DRIVE database contains 40 color images of the retina, with 564 x 584 pixels and 8 

bits per color channel, in LZW compressed TIFF format. These images were originally captured from a 

canon CRS nonmydriatic 3 charge-coupled device (CCD) camera at 450 field of view of approximately 40 

in diameter for each image, and binary images with the result of manual segmentation. These binary 

images have already been used as ground truth for performance evaluation of several vessel segmentation 

methods. Hence in this paper, sample images from DRIVE database is used for experimentation. The color 

images are converted to gray scale images and the mosaic noise is removed by applying the GSZ shock 

filter. By applying the shock filter, the edges are enhanced and the background details are suppressed. The 

output of the GSZ shock filter is subjected to segmentation process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Segmentation of retinal vascular structures is achieved by using Morphological processing (Figure 3), 

Watershed transform (Figure 4) and Binarization process (Figure 5). The visual inspection of the results 

reveal that the vascular network of the retina can be segmented using all the segmented schemes with 

varying degree of accuracy. Morphological derivative segmentation provides the thick vessels effectively, 

but the fine bifurcations are missed in these segmented results. The watershed transform when used for 

segmentation, enhances the vessel structures but with only four degrees of freedom, the thin structures are 

again missed. One of the symptoms of early detection of diabetic retinopathy is the bulging in the vascular 

Filter Type SNR in dB 

Median  9.435 

Gaussian 11.612 

Kalman 15.012 

GSZ 17.041 

Figure 4: Results obtained for 

morphological watershed algorithm to the 
retinal image  

(a) Gray Scale Representation          

(b) Background normalized image    
(c) Marker controlled foreground 
segmented image superimposed 

grayscale image 

Figure 3: Experimental results of morphological processing on retinal sonogram 

(a) Sample test image from DRIVE database (b) Background normalized image  (c) Gray 

level intensity image   (d) Median Filtered Image (e) Normalized by subtracting background 
(f) Segmented Retinal Vascular Network 

 

Table 1: Performance analysis of 

various filters for retinal images  

 

Table 1 shows the 

performance comparison of 

various filters for retinal 

images. Quantitative analysis 

in terms of SNR shows much 

improvement in SNR for the 

GSZ shock filter when 

compared to other traditional 

noise suppressing filters cited 

in the literature. It can also be 

found that the GSZ shock 

filter not only suppresses the 

noise but also enhances the 

edges.  
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network of the retina. The above two schemes are used for segmentation of features, the bifurcations and 

thin vessel endings are missed and hence it becomes difficult to make a decision at an early stage of 

diabetic retinopathy. 
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The result of applying GSZ shock filter and Binarization is shown in figure 5. It can be clearly seen that 

the vascular network is clearly segmented using Binarization technique compared to others. The vessel 

structures, vessel endings and bifurcations are clearly visible, giving the health care professionals a better 

visibility and clarity for efficient decision making. As the vascular network is clearly visible, the 

extractions of features can be made more accurately, thereby increasing the efficiency of automated 

clinical decision making systems.  

IV.CONCLUSION 

Segmentation of vascular structures from retinal images for enhanced feature extraction by pre-processing 

the image with GSZ shock filter is implemented and presented in this paper. GSZ Shock filter has shown 

better performance for noise suppression enhancement and edge processing. The developed algorithm has 

been compared with traditional segmentation schemes like Morphological processing techniques and 

region based methods. Experimental results have shown that the implemented segmentation methodology 

has been able to detect the vascular structures making it as a suitable scheme for development of computer 

aided diagnosis and decision making system for screening diabetic retinopathy . 
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