
International Journal of Computer Applications (0975 – 8887)  

Volume 94 – No 11, May 2014 

6 

Segmenting the Optic Disc in Retinal Images using 

Thresholding  

Prashant Choukikar 
Department of Electronics & 

Communication 
SISTEC Bhopal India 

 

Arun Kumar Patel 
Department of Electronics & 

Communication 
SISTEC Bhopal India 

 

Ravi Shankar Mishra 
Department of Electronics & 

Communication 
SISTEC Bhopal India 

ABSTRACT 

Segmentation of an optic disk location is a very essential task 

for retinal image analysis. Most of the pervious method uses 

the principal component analysis method, which are 

computationally complex. This paper presents a simple and 

semi automatic approach for segmentation of the optic disc in 

retinal images using thresholding and boundary extraction. 

First, the true colour Retinal images are converted to gray 

image and then image is enhanced using histogram 

equalization. This improves the efficiency of the conventional 

thresholding method. The proposed method of segmentation 

utilizes gray level thresholding for segmentation and then 

morphological operators are used for extracting the optical 

disk. The method is tested on the different optical disc images. 

The method is less complex and efficiently recognizes the 

boundary of the optic disc and also evaluates the optical 

canter. The optical canters are tabulated for original and 

corrupted images. 
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1. INTRODUCTION 
Identification of eye disease through analysis of retinal images 

has received the attention of many researchers. Detection of 

the optic disc (OD) is most essential for the automatic analysis 

of digital colour retinal images [1, 2 and 14]. Since the optical 

disc is different for healthy and corrupted eyes. It facilitates 

the tracking of various anatomical features and also in the 

extraction of Exudates, Drusens and locating the macula.etc 

present in the retina of human eye. The fundus includes the 

retina, the optic disc, and the macula. These structures are 

shown in Figure 1. 

 
Figure 1 Structure of the fundus retinal image 

Retina is the largest part of the fundus which is the interior 

surface of the eye. The optic disk is the brightest part in the 

normal fundus image that can be seen as a pale, round or 

vertically slightly oval shape disk [7, 13]. This is the entrance 

area of blood vessels and optic nerves to the retina human 

eyes. The localization of the optic disc is critical in retinal 

image analysis for measuring distance and identifies other 

anatomical parts in retinal images. Pathology on or near the 

optic disc can have a more severe effect in vision. 

Basically any method of optical disc location is based on the 

three essential stages. Figure 2 shows the basic processing 

steps used for optical disc location. Various methods have 

been designed by modifying these stages. The pre processing 

stage is used to enhance the appearance of the retinal images. 

The most common way of pre-processing is to use filters for 

noise removal and contrast enhancement for visual quality 

improvement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Basic process of optical disc location 

After enhancing the image quality desired objects are 

extracted using segmentation operation. Segmentation is 

typically associated with pattern recognition problems. Image 

processing stage segments the various sections of the retinal 

images. The third stage uses features (shape, size, brightness) 

of the optic disc for identification of the optic disc in a normal 

retinal image. The circle fitting algorithms are widely used in 

this context. The efficiency of the thresholding based optical 

disc localization technique mainly depends upon the 

efficiency of the enhancement stage and on the efficiency of 

thresholding stage. Thus it needs to improve the enhancement 

quality of the images. 

Two basic approaches used for finding the optical disk are 

Model based approach [11, 12] and Image feature based 

approach [5, 6]. In model based approaches models the 

geometrical directional pattern of the retinal vascular system. 

It implicitly embeds the information on optical disc as a point 

of convergence of all vessels. In order to find optical disk 

feature based approach uses the relative high brightness of 

optic disk, and the round shape of optical disc as compared to 

the rest of the fundus image. The problem of optic disc 
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detection has rarely received unique attention. In this paper 

proposed a robust method for locating the optical disc and its 

canter. Section 2 has discussed some of the related existing 

works. The section 3 describes the proposed optical disk 

segmentation method using multilevel thresholding and 

morphological operators. The next section presents the results 

based on proposed method. It is found that this method is 

computationally less complex and efficient 

The proposed communication system block diagram is 

explained in the section 4. The LMS and RLS linear 

equalizers are described in the section 5. The results of 

performance evaluation are given in the section 6 followed by 

the conclusion in section 7.  

2. LITERATURE REVIEW 

There is lot of research done for the improvement of optical 

image quality as [4, 9, 12, and 14]. Contrast limited adaptive 

histogram equalization (CLAHE) method by Etta D, Pisano 

[5] were proposed to improve the image contrast for medical 

image applications and to overcome the amplification of noise 

problem. Hitam et al. [9] have presented a combination of the 

CHAHE in RGB and HSV colour spaces for underwater 

images. Agung W et al.[4] have proposed to use the CLAHE 

method for enhancing the colour retinal images using the 

(green) G channel. In the colour retinal image a unique 

characteristic exist than other medical images that these 

images in green (G) channel, the blood vessels looks more 

contrast than the background. 

The principal component analysis (PCA) is commonly used 

for optical disk analysis. Huiqi Li and Opus Chutatape [6] in 

2001 proposed to automatically locate optic disk in retinal 

images. The desired regions in the intensity images are first 

determined by clustering the brightest pixels. Principal 

component analysis (PCA) is then applied to these candidate 

regions. The minimum distance between the original retinal 

image and its projection onto “disk space” is located as the 

centre of optic disk. But method was time consuming. 

Niemeijer [11] et al. in 2004 used 100 images for the 

comparative study of the retinal vessel segmentation method 

using model based approach, on new publically available 

database. Foracchia et al. [12], in 2000 uses matched filter 

response for detecting the vessel calibre irregularities used the 

20 image subset. P. C. Siddalingaswamy and   G. k prabbu [7] 

in 2007 presented an algorithm for the localization and 

segmentation of optic disk and fovea. Optical disk localization 

is achieved by iterative threshold method. D. Santhi et al. [13] 

in 2007, proposed the method of locating the optical disc in 

retinal images. At pre processing stage histogram equalization 

is used and the local contrast is enhanced in HIS colour space 

then for segmentation Otsu thresholding method along with 

multi level thresholding is used. Method was little complex. 

Qinghui et al. [14] have used vascular direction and intensity 

variance for finding the horizontal and vertical locations of 

the optical disc. The method seems bit fuzzy and complex.  

Other efficient retinal image segmentation methods are [15 

and 16]. 

3. PROPOSED SEGMENTATION OF 

OPTICAL DICS  
In this paper a post image processing method is proposed in 

which firstly the input image is equalized and then histogram 

based multilevel thresholding is applied on it. In the next 

stage the morphological operator’s erosion and dilation are 

used for the optical disk identification. The block diagram of 

proposed method is shown in Figure 3. The procedure is 

basically having two stages Viz. Image enhancement and Disc 

segmentation.  

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3 Block diagram of proposed method 

3.1 Gray image conversion 

Colours displayed on retinal images are usually defined in the 

tri colours as red, green and blue, space is called as RGB 

colour space [16]. The colour retinal images are converted to 

the corresponding gray images as shown in Figure 4.  

 

    
Figure 4 Original and gray level optical image 1 

 

This is achieved by neglecting the hue and saturation and only 

selecting the intensity of the gray level as average of RGB 

spaces mathematically given as; 
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4. HISTOGRAM EQUALIZATION 
Histogram equalization (HE) is one of the widely used 

methods for improving the contrast of the given images [3, 7, 

and 17]. The enhanced images have a uniform distribution of 

the gray levels. The current section deals with the various 

histogram based contrast enhancement methods sequentially.  

4.1 Global Histogram Equalization 

   The HE method flattens and stretches dynamic range of the 

image histogram thus results in overall contrast improvement 

[3, 4]. Cumulative density function (CDF) is efficiently used 

to generate the flat histogram. The CDF function is obtained 

by simply summing up the Probability density functions 

(PDF) and is given as;  

                        = 
r

drrP
0
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Now differentiating the equation (2) will give; 

                                   

)(rP
dr

ds
                  (3) 

Thus finding the CDF will flatten the histogram. But HE 

method may significantly change the brightness of an input 

image and cause problem in some applications where 
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brightness preservation is necessary. Figure 5 shows an 

example of the original and equalized image along with their 

histogram. 

 

           
   a) Original retinal image b) Histogram equalized image 

 
      c) Original histogram             d) Equalized histogram   

Figure 5 Example of retinal image enhancement  

 

5. THRESHOLDING BASED 

SEGMENTATION 
For gray images, separation of darker background from 

brighter foreground is thresholding. Optical images do not 

have such simple histograms hence thresholding require some 

other techniques. The coordinates of pixels with the maximum   

brightness are identified in the enhanced image. Then the row 

and columns are selected as; 

 Where,        is the gray level value of the equalized image. 

The threshold     is set to 251 in this paper. Now the 

segmentation is perfumed based on the selected threshold and 

the segmented image is given as; 
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Where,        is a logical segmented image, then the optical 

disc boundary is extracted using sequential morphological 

operations. 

 

6. LOCATING OPTICAL DISC 

A boundary extraction method using morphological operators 

is used here to locate the disc. Boundary extraction method 

includes two fundamental processes Dilation and Erosion. 

Erosion is used to smoothen the image to erode the outer 

unwanted pixel in the retina. After the process of erosion 

some pixel in the optic disc will also get eroded so we are 

going for the process dilation to reconstruct the image and 

also it is used in the process of edge detection.   

6.1 Erosion of Threshold Image 
Erosion is a morphological operator which erodes he features 

of the image. Let the B is represented by the structuring mask 

and     
  is the threshold image. Then the gray-scale dilation 

of     
  by        is defined as 

      
           

         
                      

                                               

Where, DB is the domain of the structuring element B and 

       is assumed to be −∞ outside the domain of the image 

and       is the pixels of the image. 

6.2 Dilation of Threshold Image 

       Let the B is represented by the structuring mask and     
  

is the threshold image. Then the gray-scale dilation of     
   by 

       is defined as: 

           
                   

              

                                             

Where, DB is the domain of the structuring element B and 

       is assumed to be −∞ outside the domain of the image 

and       is the pixels of the image. 

6.3 Extracting the boundary of the Disc 

      In order to find the inner part of the disc, subtract the 

eroded image from the dilated image. After the process of 

image subtraction we will get the edges of the optic disc. 

                  
                

                      
                                   

7. EXPERIMENTAL RESULTS 
In this paper the performance of the proposed optic disk 

method was evaluated based on the determined optical disk 

location with regard to the segmented optic disc. 

 

7.1 Input Images Used 
The input Retinal images used for the simulation are taken 

from the different data sets and references are shown in Figure 

6. The optical image 1 and 4 are the image of right eye, image 

2 and 3 are the image of left eyes. Some of the images suffer 

from the poor contrast due to noise optical environment. For 

the analysis purpose all the images are resized to same image 

size of 240 x 320. 

7.2 Results of Optical Disc Segmentation  
The each segmented optic disc consists of a different canter 

point and a radius. For performance evaluation twenty retinal 

images were tested by the proposed algorithm. The results of 

the four distinguished images from database are presented 

here. Figure 7 shows the sequential results of proposed 

segmentation method and optical disk detection for the input 

optical image 1. 

    
a) Optical image 1             b) Optical image 2 

    
c) Optical image 1             d) Optical image 4 

Figure.6 Original input images used in the paper 
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a)                  b)                        c) 

 
d)                  e)                        f) 

   
g)                        h) 

Figure 7 Sequential results of the proposed method a) 

Original optical image 1, b) Gray converted image, c) 

histogram equalized image, d) Threshold image, e) Eroded 

image, f) Dilated image, g) Difference of dilated and 

eroded images showing optical disc boundary, h) detected 

optical disc after circle fitting. 

The method identifies the optical disc efficiently if the 

proper threshold is selected.  Figure 8 presents the result of 

the detected optical disc for various input images after 

thresholding. It can be observed that method performs well for 

both right and left eyes images. The coordinates of canter and 

the radius of the detected optical disc are respectively 

compared in Table 1 and Table 2 for detected optical disc 

with and without equalization. The equalized image represents 

the higher disc radius thus gives better segmented disc. Also 

the threshold is different for different images if equalisation is 

not used. While after equalization same threshold may be used 

for most of the images. The threshold used with equalization 

for this paper is 251.   

Table 1 Comparison of canter 

S. 

No 

Images Disc Canters 

Without  

Equalization 

Disc Canters  

With  

Equalization 

1   Optical image 1 250 , 112 249 , 111 

2   Optical image 2 56 , 107 59 , 101 

3   Optical image 3 55 , 129 57 , 130 

4   Optical image 4 283 , 171 283 , 174 

 

Table 2 Comparison of disc Radius 

S. 

No 

Images Disc radius 

without  

Equalization 

Disc radius  

with  

Equalization 

1   Optical image 1 15.1274 16.2934 

2   Optical image 2 15.7467 18.9265 

3   Optical image 3 13.7023 14.45632 

4   Optical image 4 28.7590 30.3611 

 

  

  

  

  

Figure 8 Results of segmented optical disc after the 

thresholding a) left column are input image, b) right 

column is threshold image 

8. CONCLUSION 

In this paper a segmentation approach for the localization of 

the optic disc in retinal images is presented using gray level 

thresholding. The method uses the morphological operators 

for the optical disc detection. Algorithm is currently tested on 

the twenty retinal images from standard databases. It is found 

that proposed method is fast and efficient enough for retinal 

image segmentation. It is observed that thresholding without 

enhancement is unable to identify the optical disc for low 

contrast images and it also need a different threshold for 

different retinal images. The canter of disc and disc radius are 

calculated and compared. It is found that enhancing the image 

using histogram equalization before segmentation improves 

the efficiency significantly. It allows us to use the same 

threshold for most of the images. In future the efficient circle 

fitting and other brightness preserving enhancement methods 
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can be used to improve the efficiency of the canter point 

detection. 
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