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Abstract: - Diabetic Retinopathy is a disease which affects the eyes and may cause vision loss. It can be detected by analyzing the 

vessels of a retinal vessel. In this paper, we present a blood vessel enhancement and segmentation approach, which is used for 

analysis of blood vessels. Contrast correction and   mathematical morphological operations  are used to enhance the blood vessels 

and then segmentation is performed. The proposed approach is tested on DRIVE dataset and it achieves an average accuracy of 

95.40%. 

 

I. INTRODUCTION    

  

Retinal vessel analysis is mainly used to detect the diseases 

at an early stage, so that severe effects should not be there. 

To make a retinal vessel segmentation effective, vessel 

enhancement is the most important step. Low contrast 

between vessels and non-vessels causes variations in 

diameters so accurate results cannot be produced[1]. 

Enhancement increases the visibility of vessels. A retinal 

image has vessels with varying thickness . So, to adjust the 

contrast of blood vessels, various vessel enhancement 

techniques have been used. Retinal images are used in 

diagnosing many diseases such as ocular diseases and 

systematic diseases [3]. Segmentation divide the image into 

different regions [2].Manual segmentation of retinal images 

can also be performed but it is very time consuming task. 

Hence, now a days automatic segmentation is the main 

focus [3]. This paper presents the automated vessel 

enhancement and segmentation approach. Organization of 

the paper is as follows: Section II contains the literature  

review. A detailed description of the proposed algorithm is 

presented in section III.  Performance measures are 

discussed in section IV followed by experimental results in 

section V.  Section VI contains the conclusion. 

  

II. RELATED WORK 

 

Many difference algorithms have been deployed for vessel 

segmentation which produces different performance results 

Souahalia et al. [5]  introduced echo state network method 

for segmentation of retinal image which produces average 

accuracy of 94.64%. M.M Fraz et al. [6]  introduced a 

method which uses a system classifier consist of  decision 

trees and utilizes a 9-D  feature vector which controls the 

pathological retinal images by encrypting the information. 

This method provides an  average  of  accuracy of 94.80%. 

Soares et al. [7]  proposed an automatic vessel segmentation 

method. This method  uses  gabor filter which efficiently 

improves the contrast of vessels . This method  proposed  an 

average accuracy of  94.61%. 

Marin et al. [8] provides a supervised method of vessel 

segmentation. This method uses a neural network (NN) 

scheme for pixel classification and computes a 7-D vector 

composed of gray-level and moment invariants-based 

features for pixel representation. This method produces an 

average accuracy of 94.52%. 

  

III. PROPOSED METHOD 

 

A.Contrast Correction 

Contrast correction adjusts the intensity of an  

image.Contrast  is the distinction between the lighter and 

darker areas of an image. Increasing contrast in an image 

will increase the difference between light and dark  areas so 

light areas will become lighter and dark areas will become 

darker.  

Algorithm 

1) Read an  RGB image. 

2) Use the function  imadjust to adjust the contrast of an 

RGB image. 
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 3) Imadjust function contains 4 parameters i.e. low_in, 

low_out, high_in and high_out  and values of all these 

parameters ranges between 0 and 1. 

4)To perform contrast adjustment in this paper, we have 

taken   low_in = 0.05, high_in = 0.1, low_out = 0.4 and 

high_out = 0.5. 

 

B. Mathematical Morphology 

This step performs various operations such as erosion, 

dilation, closing and  top hat transformations which are 

used to detect, modify and manipulate the features present 

in the image based on their shapes[10].Mathematical 

morphology is used for extracting various components of 

the image and selection of proper structuring element is 

very important. A structuring element can be of any size or 

shape. Selection of the linear structuring element depends 

upon the features of the vessels[11].Each structuring 

element is 7 pixels long and one pixel in width[10]. 

Dilation:-Expanding the objects by a specific structuring 

element is dilation. Dilation is used to fill the empty holes 

and also connects the disjoint regions. Dilation of an image 

is represented by: 

                                   

Erosion:-Shrinking of the object by proper structuring 

element. Erosion is represented by: 

    

Compound operations are also performed such as opening 

and closing.Closing is represented by     

Opening is represented by     

Top-hat Transformation:-This step enhances the image by 

estimating the local background of an image using 

mathematical morphological opening operation. 

Top_hat        

 

C. Gaussian filter 

Gaussian filter is applied on the enhanced image to remove 

the noise from an image. Gaussian filter is applied with 7 

pixels in width on output of previous step to generate more 

smoothed image[10]. 

  =        
  

 

 

              

Where 𝞂=7/4 is variance, width is 7 and I_Top is the result 

of previous step. 

 

D. Segmentation 

Classification of retinal vessels take place after applying 

mathematical morphological operations and using  

threshold values  in an enhanced image. 

 
Figure 1. Flowchart 

 

IV. PERFORMANCE MEASURES 

 

In this paper, performance is measured on the basis of three 

parameters i.e. accuracy, specificity and sensitivity. The 

Accuracy of an image is the fraction of pixels correctly 

classified at a specified threshold. Sensitivity can be 

calculated as the number of pixels correctly classified as 

vessel pixels divided by the total vessel pixels in the manual 

segmentation. Specificity can be calculated as the number of 

pixels correctly classified as background pixels divided by 

the total background pixels in the manual segmentation[9]. 

Accuracy=
       

           
  

Specificity=
  

       
 

Sensitivity=
  

       
 

Where TP is True positive rate, TN  is true negative rate, FP 

is False positive rate and FN is False negative rate. 

 

V. EXPERIMENTAL RESULTS 

 

Proposed method is tested on the DRIVE dataset .DRIVE 

dataset is divided into training set and test.20 images are 

present in training set and 20 images are present in test set. 
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Our proposed method is implemented on 20 images of test 

set which contains the retinal images ranging from the age 

31 to 86 years old. 

Step 1:Contrast correction  of image. 

 
Figure.2. a)DRIVE Image[12,13]. b)Contrast corrected 

image. 

Step 2:After contrast correction of the image, convert the 

image into gray scale image and apply top hat 

transformation on it. 

 
Figure.3. a)Gray-scale image  b)Image after 

Morphological processing 

Step 3: Image is denoised. 

 
Figure. 3. a)Gaussian filtered image 

Step 4:Image Segmentation  is performed by using k-means 

clustering algorithm[10].In this paper, contrast correction is 

done before image segmentation which  gives improved 

results. If K-means clustering is applied to the image 

directly, an accuracy of 94.84 % is achieved  but  if the 

image is first contrast corrected before applying the K-

means clustering algorithm an increased accuracy of 

96.85% is achieved. 

 

 

 
Figure. 4. a)Manually labeled b)Image obtained through 

proposed method 

Table 1. Comparative evaluation of segmentation  results 

on DRIVE Dataset 

 
Table 2. Accuracy, Specificity and Sensitivity of retinal 

vessel segmentation results by proposed method 
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V1. CONCLUSION 

 

In this paper, an automated method of  retinal vessel 

segmentation is presented. First, contrast adjustment of an   

image takes place. Second,  mathematical morphology is 

performed to enhance the retinal blood vessels and then 

segmentation  takes. This method provides high accuracy 

as compared to other methods. 

 

REFERENCES 

 

[1] Xiaohong Wang , Xudong Jiang,”Enhancing retinal 

vessel segmentation by color fusion”, 2017 IEEE 

International Conference on Acoustics, Speech and Signal 

Processing (ICASSP). 

 

[2] R.V.Prasanna,”Enhancement of retinal blood vessel 

segmentation and classification”, 2013 IEEE International 

Conference on Information Communication and Embedded 

Systems (ICICES). 

 

[3] Aziah Ali, Aini Hussain, and Wan Mimi Diyana Wan 

Zaki,” Vessel Extraction in Retinal Images using 

Automatic Thresholding and Gabor Wavelet ”,  

Engineering in Medicine and Biology Society (EMBC), 

2017 IEEE 39th Annual International Conference  

 

[4]  Asloob Ahmad Mudassar1 and Saira Butt,” Extraction 

of Blood Vessels in Retinal Images Using Four Different 

Techniques”, Journal of Medical Engineering 

Volume 2013 (2013). 

 

[5] Abdelkerim Souahalia ,Ammar Belatreche, Abdelkader 

Benyettou, Kevin Curran ,”Blood vessel segmentation in 

retinal images using echo state network ”,2017 Ninth 

International Conference on Advanced computational 

Intelligence(ICACI). 

 

[6]  Muhammad Moazam Fraz; Paolo Remagnino; Andreas 

Hoppe; Bunyarit Uyyanonvara,Alicia R.; Christopher G. 

Owen; Sarah A. Barman,”An ensemble classification 

based-approach applied to retinal blood vessel 

segmentation”,IEEE.Trans. Biomed. Eng.,Vol .59.no. 9,pp. 

2538-2548,Sep.2012. 

 

[7] J.V.B.Soares,J.J.G. Leandro,R.M. Cesar,H.F. Jelinek, 

and M.J. Cree,”Retinal vessel segmentation using the 2-D 

Gabor wavelet and supervised classification,”IEEE Trans. 

Med. Imag.,vol 25,pp.1214-1222,Sep. 2006. 

 

[8] D.Marin, A.Aquino,M.E. Gegundez-Arias, and 

J.M.Bravo,” A new supervised method for blood vessel 

segmentation in retinal images by using gray-level and 

moment invariants based-features,”IEEE Trans. Med. 

Imag.,vol. 30,no. 6,pp.146-158,Jan.2011. 

 

[9] Zhu Chengzhang, Zou Beiji, Xiang Yao, Cui Jinkai and 

Wu Hui,” An Ensemble Retinal Vessel Segmentation Based 

on Supervised Learning in Fundus Images ”, Chinese 

Journal of Electronics, Vol.25, No.3, May 2016. 

 

[10] Gehad Hassan, Nashwa El-Bendary, Aboul Ella 

Hassanien, Ali Fahmy, Abullah M.Shoeba, and Vaclav 

Snaself,” Retinal blood vessel segmentation approach based 

on mathematical morphology ”, International Conference on 

Communication, Management and Information Technology 

(ICCMIT 2015). 

 

[11] Y.Yang,S. Huang and N.RAO,“An automatic hybrid 

method for retinal blood vessel extraction”, International 

Journal of Applied Mathematics and Computer Science, vol. 

18,no.3, PP. 399-407, (2008). 

 

[12] J.J. Staal, M.D. Abramoff, M. Niemeijer, M.A. 

Viergever, B. van Ginneken, "Ridge based vessel 

segmentation in color images of the retina", IEEE 

Transactions on Medical Imaging, 2004, vol. 23, pp. 501-

509. 

 

[13] M. Niemeijer, J.J. Staal, B. van Ginneken, M. Loog, 

M.D. Abramoff, "Comparative study of retinal vessel 

segmentation methods on a new publicly available 

database", in: SPIE Medical Imaging, Editor(s): J. Michael 

Fitzpatrick, M. Sonka, SPIE, 2004, vol. 5370, pp. 648-656. 

 




