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Abstract-  The human retina is a light receptive tissue and its enormously rich in blood vessels for its high physiological stress and dysfunction 

of the retinal vasculature can effect from several diseases. Diabetic retinopathy is caused due to complications of diabetes, which can eventually 

develop new blood vessels at the back of the retina and it can lead to blur vision or loss of vision. This work describes the problems of 

retinopathy associated with diabetic patients and premature babies. We propose methods for the preprocessing and efficient segmentation 

method to support measurement of the openness of the MTA, including image enhancement techniques like morphological operations, efficient 

luminance component construction and bank of Gabor filters to segment retinal blood vessels. Finally an image cropping is used to separate 

inferior and superior part of this segmented image for the effective and detailed analysis of the vascular structure in the fundus eye images. 

Certain retinal disorders, if not detected in time, can cause serious problems like blur vision and blindness in patients. The implementation and 

the performance of the various edge detection methods like Canny, Sobel and Gabor filters are based on visual perception. It has been concluded 

that in case of natural images such as retinal fundus image a Gabor filter yielded better results in segmentation of blood vessels as compared to 

edge detection methods of Canny and Sobel. 
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I.  INTRODUCTION 

The transparency of the retina makes it in a direct window 

for the human vasculature through an eye fundus 

examination. Thus, some systemic diseases cause changes in 

the retinal vessels which can be observed in retinal images. 

Diabetic retinopathy (DR) is one of the most significant 

complications of diabetes mellitus, which causes severe 

damages in the retina, subsequently visual loss and 

sometimes blindness if required medical treatment is not 

taken on time. One of the difficulties in this illness is that 

the patient with diabetes mellitus requires a continuous 

screening for early detection. So far, various methods have 

been planned by researchers to automate the recognition 

process of retinal blood vessels in analyzing retinal images 

such as color fundus images and fluorescein angiography 

images of retinal fundus images. In this way, with the 

increasing development of image processing techniques, 

retina imaging constitutes a key for diagnosis support. The 

problem of retinopathy is associated with diabetic patients 

and premature babies. A signal processing and image 

processing framework provides better diagnosis to the 

Ophthalmologists for the analysis of the blood vessel 

structure as accurately as possible. The vasculature of retinal 

fundus is the only region of human body that can be 

analyzed by using relatively simple and non-invasive 

instrumentation . At the thresholding stage the accuracy of 

the segmentation is dependent on the parameters used . 

Alterations in the vascular structure of the retina can 

indicate the presence of several types of pathology, such as 

hypertension, arteriosclerosis, diabetes, myopia, and 

retinopathy of prematurity (ROP). The vessels in the retina 

are modified in terms of their width, shape, and tortuosity of 

the retinal diseases. Variations in the architecture of the 

major temporal arcade (MTA), in the form of a decrease in 

the angle of insertion of the MTA as well as straightening of 

the MTA, have been noted as manifestations of at least two 

types of pathology: as a sequela of ROP and as an indicator 

of the severity of myopia. In case of natural images such as 

retinal fundus image a Gabor filter gives better results 

compared to edge detection operators such as canny and 

sobel but in case of medical images like CT scan , X-ray and 

MRI, etc the Canny operator shows better results as it 

provides fine details of an image. Canny edge detector 

produces higher accuracy in detection of objects as 

compared to Sobel [1,21]. 

 

II. METHODOLGY 

Below are the main steps involved in the implementation 

and segmentation of the  fundus  image[21] 

1) Preprocessing of images.  

• Normalizing each color component in the original 

image.  

•  Computing the luminance component. 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• Thresholding the luminance component to   obtain the 

effective area.  

• Expanding the luminance component beyond the 

effective area to avoid the detection of its edges. 

  

2) Obtaining the segmentation of the fundus image 

   • Using 180 bank of Gabor filters over the range of 

[−90
o
,  90

o
] to represent the MTA. 

• Segmentation of  the binary images.   

• Applying the morphological process to filter its 

background.  

• Rotating each segmented image by 180
o
, if the 

MTA  opens to the left (i.e., the image is of the right 

eye).  

• Obtaining the Gabor magnitude response image to 

represent the STA and the ITA, respectively.  

• Cropping each segmented image horizontally.  

• Applying Canny, Sobel edge detectors to the 

segmented  image for comparative analysis. 

 

Since the MATLAB is widely used interactive program 

developed to perform numerical computation and data 

visualization, our entire simulation program are written 

using the programming language MATLAB. 

 

A. Image preprocessing 

In this method, the color scale RGB images are first 

converted into grayscale for efficient computation.  Since 

the exudates are visible with more contrast in grayscale an 

equalization procedure was performed on the images to 

obtain a local contrast i,e approximately, equal at all image 

intensities. 

C (x, y) =ƒ(x, y) - median  (x ,y)                  (2.1) 

 

Where C (x, y) is the estimated local contrast,  

ƒ (x, y) is the image gray level at (x, y), median  (x, y) is 

the median gray level within the neighborhood of (x 

,y).This can be equated to a high pass spatial filter. The local 

contrast provides a measure of the high-frequency image 

noise[6]. 

 

B. Gabor filter 

It acts as an excellent band pass filter. A complex Gabor 

filter is defined as the product of Gaussian kernels times a 

complex sinusoid. 

                                  

                                                    

                                                                             2) 

k,θ,f0 are filter parameters. The real and imaginary 

components of Gabor filter are phase sensitive and allow 

frequency tuning. This enables noise filtering and vessel 

enhancement in single step. θ is spanned from 0
o
 to 360

o
 

over all four angles taken as pixel features. In [13], scale and 

orientation of selective Gabor filter are used to detect and 

classify the retina images into mild or severe case. The input 

image is first filtered through Gabor filter banks, the banks 

consist of several filters tuned to specific scales and 

orientation and the operation is performed in frequency 

domain, the output of which is the analyzed. Gabor filter 

response is the convolution of the FT of the Gaussian 

function and the Fourier transform of the harmonic function. 

Gabor filter has a real and imaginary components 

representing orthogonal directions. Thus image analysis 

with Gabor filters is analogous to the human visual 

perception system. Gabor filters are sinusoidally modulated 

Gaussian functions.  A Gabor filter is defined by the STD 

valued of the Gaussian function in the X & Y directions ( x  

& y ) and the frequency f0 of the modulating sinusoid as 

[8]. 

  (2.3) 

 

As per design procedure, a variable named , representing 

the average thickness of the vessels to be detected by Gabor 

filters. We use  = 16 pixels (0.32mm)   f0 =1/  & x is in 

relation to . A set of 180 Gabor filters spanning the range [ 

-90
o
 , 90

o
] is prepared by rotating  the   basic Gabor  

function in equation . A magnitude response image is 

created by using the maximum value of the response of 

180gabor filters for each pixel. The morphological operation 

of area open procedure also uses the concept of pixel 

connectedness to detect segments of connected pixels 

having less than 70 pixels and removes them. The main 

principle of this stage is  to eliminate background variations 

in illumination from an image such that the forefront objects 

are more easily analyzed. Therefore the binary image is 

produced in which each pixel value is either 1 (blood vessel) 

or 0 (background)[7]. 

III. RESULTS AND DISCUSSION 

The proposed blood vessel detection and segmentation 

methodology is applied on images available in DRIVE 

database and  image collected from eye hospital. Hence, eye 

care specialists can analyze retinopathy in larger populations 

using this method. The results depicted in the below figures  

are experimented with the images collected from the 

standard Drive data base as well as the  image collected 

from the  eye hospital. 
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A.  Normal eye results 

                                                 

        
 

(a)   (b) 

 
(c )               (d ) 

 

Fig: 1 Results of normal eye 

 

In above Fig 1: (a) indicates Gabor filter response of normal 

eye (b) indicates the segmented image of Major Temporal 

Arcade(MTA) Fig (c) depicts the segmented result using 

Canny method and fig (d) shows the segmented result using 

Sobel method .  

From the above results, in normal eye fundus image the 

blood vessel growth and MTA are normal.     

B. Diabetic Retinopathy Results 

 
            (a)       (b) 

 

 
        (c )            (d)   

Fig 2: Diabetic Retinopathy results 

 

In above Fig 2: (a) indicates Gabor filter response of severe 

diabetic retinopathy(DR) and (b) indicates the segmented 

image of Major Temporal Arcade(MTA), Fig ( c) depicts 

the segmented result using Canny method and fig (d) shows 

the segmented result using Sobel method . From the above 

result we observe that in  DR eye fundus image, the blood 

vessel structure has overgrowth and MTA  has decreased. 

 

C.   Severe Diabetic Retinopathy Results 

 
          (a)    (b) 

                       
         (c)                   (d) 

Fig 3: Severe Diabetic Retinopathy results 

 

In above Fig 3: (a) indicates Gabor filter response of severe 

diabetic retinopathy(DR) (b) indicates the segmented image 

of  Major Temporal Arcade(MTA) Fig (c) depicts the 

segmented result using Canny method and Fig (d) shows the 

segmented result using Sobel method. In severe DR eye 

fundus image, the blood vessel structure has  severe  

overgrowth  and  MTA  has   straightened. 

 

The MTA diverges away from the Optic Nerve Head 

towards the macula and then converges down into the 

macular region. Furthermore, after the second or third 

branching point, it becomes difficult to distinguish between 

the original arcade and the new branch as they could be 

similar in diameter and branch erratically. The second and 

third branching points occur approximately over the 

macula[22]. 

 

A. Comparative analysis:  

From the above results, we observe that Sobel operator has 

poor edge localization in segmented image. It is sensitive to 

noise and gives inaccurate results. Hence it is not an 

efficient method in analysis of the segmented blood vessels. 

Canny edge detector has adaptive thresholding and produces 

higher accuracy in detection of objects as compared to Sobel 

but Canny operator is time consuming and has complex 

computation. To overcome the above problem a filter bank 

consisting of 180 Gabor filters with cosine term having 

various scales and rotations of kernel functions are used. 

The Gabor Filter is very useful in image processing 

applications using edge detection and provides optimal 

localization in both the frequency and space domains. Gabor 

filter has better feature detection and produces thick edges. 

using Canny method using Sobel method 

using Canny method using Sobel method 

using Sobel method 
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Therefore Gabor filter gives better results as compared to 

Canny and Sobel in analyzing the segmented blood vessels 

of retinopathy with improved signal to noise ratio. 

 

IV. CONCLUSION 

Diabetic retinopathy is the leading cause of the blindness in 

diabetic populations. The effective segmentation of the eye 

funds image helps to detect and diagnose to help prognosis’s 

treatment procedural plans if required for the 

ophthalmologists. In this work we have presented diabetic 

image segmentation technique using bank of Gabor filters 

with effective image enhancement technique like 

normalized gray scale conversion, masking and optic nerve 

head elimination.  This framework also provides closer 

analysis of the superior and inferior arcade portions by 

cropping superior and inferior portions from the segmented 

image. The experimented results shows that the 

effectiveness of the image segmentation algorithm using 

bank of Gabor filters  to keep only the blood vessels 

structures and avoids other artifacts. Generally Gabor filter 

gives better results than Canny and Sobel especially for 

natural images, where the objects are considered to be a big 

challenge to segment. Thus Gabor filter provides better 

result as the selected parameters produce the large 

magnitude and brighter intensity of the edges.  

 

V. FUTURE SCOPE 

 

Automatic retinopathy detection is a primary challenge in 

the today’s world because of the feature extraction of the 

retinopathy images with and without diabetic retinopathy is 

very complicated using image processing techniques. 

Temporal screening of the fundus image is not more often 

recommended by the physicians. Therefore temporal feature 

extraction, regular temporal screening of fundus image  and 

machine learning based automatic retinopathy detection is 

recommended as the future scope from this work.     
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