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Abstract – Glaucoma and diabetic retinopathy (DR) are the two most common retinal 

related diseases occurred in the world. Glaucoma can be diagnosed by measuring optic 

cup to disc ratio (CDR) defined as optic cup to optic disc vertical diameter ratio of 

retinal fundus image. A computer based optic disc is expected to assist the 

ophthalmologist to find their location which are necessary for glaucoma and DR 

diagnosis. However, many optic disc detection algorithms available now are commonly 

non-automatic and only work in healthy retinal image. Therefore, there is not information 

on how optic disc in retinal image of unhealthy patient can be extracted computationally. 

In this research work, the method for automated detection of optic disc on retinal colour 

fundus images has been developed to facilitate and assist ophthalmologists in the 

diagnosis of retinal related diseases. The results indicated that the proposed method can 

be implemented in computer aided diagnosis of glaucoma and diabetic retinopathy 

system development. 
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I. Introduction 

One of the modern medical imaging modalities is 

fundus photography. Fundus images are taken using 

fundus camera. Fundus images are useful to 

document the health of the optic disc, optic nerve, 

vitreous, fovea, macula, retina and eye’s blood 

vessels [1]. Optic disc is one of the major parts of a 

retinal fundus image. Optic disc is the region in the 

retina which appears as a very bright region 

compared to its surrounding. In a circular area of 

optic disc, there are blood vessels and optic nerves 

enter to the retina of human eyes. An accurate 

identification of the optic disc boundary and 

changes in optic disc shape and area may be can be 

used to indicate the some diseases progression, 

especially glaucoma [2][3][4][5]. 

There are more than 60 million glaucoma cases 

in the world, and by 2020, the cases are predicted to 

increase to 80 million, particularly for adults with 

age of more than 40 years. Glaucoma is the second 

leading cause of blindness after refractive and 

cataract. There are more than 60 million glaucoma 

cases in the world, and by 2020, the cases are 

predicted to increase to 80 million, particularly for 

adults with age of more than 40 years [6][7]. 

 
Fig. 1. Example of (a) glaucoma and (b) healthy 

images of High Resolution Fundus (HRF) image 

database [8] 
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Diabetes is one of the diseases that occurs when 

the pancreas organ does not secrete enough insulin 

or the body is unable to process the insulin secreted 

by pancreas properly. It results in an abnormal 

condition where the glucose level in the blood is 

increased. Moreover, this high level of glucose 

causes damage to blood vessels in pancreas and 

others. Meanwhile, around 387 million world 

wide’s people in 2014 lived with diabetes. 

Unfortunately, there are about 46.3% people 

undiagnosed to be diabetes addicted. Every seven 

seconds, a person dies3 because of diabetes in 2014 

according to International Diabetes Federation 

(IDF) [9][10][11]. 

Several studies on how optic disc centre is 

detected have been conducted. Kaur et al. [12] 

proposed optic disc boundary detection technique. 

In this method, blood vessel was eliminated with 

morphological closing technique, and optic disc 

boundary was segmented using active contour 

model (ACM). Another approach has been proposed 

by Akram et al. [13]. This work was based on canny 

edge detection method and Hough transform in 

order to detect the optic disc boundary. The 

proposed method was tested on DRIVE, STARE, 

diaretdb0 and diaretdb1 databases of manually 

labelled images. Further work on optic disc and cup 

segmentation for glaucoma assessment has been 

conducted by Joshi et al. [14]. Optic cup 

segmentation method is developed which is based 

on anatomical evidence such as vessel bends at the 

cup boundary. The method has been validated on 

138 images consist of 33 normal and 105 

glaucomatous images against three glaucoma 

experts. 

Based on aforementioned backgrounds, optic disc 

centre automatic detection is a popular issue. In this 

research, an automated method of optic disc centre 

detection is proposed and employed in healthy and 

unhealthy retinal colour images. Optic disc centre as 

the results of the proposed method, can be used as 

an alternative to identify retinal related diseases 

especially glaucoma and diabetic retinopathy. 

II. Theoretical Basis 

II.1. Eye 

The eye is a special sense organ made up of three 

coats. The outer fibrous layer of connective tissue 

forms the cornea and sclera. The middle vascular 

layer is composed of the iris, ciliary body, and 

choroid. The inner neural layer is the retina. To 

provide binocular vision, the muscles of both eyes 

are coordinated. The neural signal that carries visual 

information passes through a complex and 

intricately designed pathway within the central 

nervous system, enabling an accurate view of the 

surrounding environment. This information, 

evaluated by a process called visual perception, 

influences myriad decisions and activities [15]. 

The optic disc or optic nerve head is the part of 

the optic nerve which can be seen on assessment of 

eye. It is composed of 1,200,000 tiny nerve fibres 

that send signals from the eye to the brain. The 

typical optic disc is a circular structure where the 

nerve fibres exit the eye and on average, only 1.5 

mm in diameter. The optic disc begins in the eye. In 

the optic disc, there exists nerve fibres emerge. 

Each nerve fibres receives visual signals from a 

certain area of retina. This signal represents an area 

of one’s field of vision in retina. The disc area is 

larger than the area taken up by the nerve fibres 

leaving the eye, so a small area of the central optic 

disc is left “unfilled” forming a small depression, 

called the optic cup [17]. 

 
Fig. 2. The anatomy of eye in retinal image [16] 

II.2. Image Processing 

The digital colour retinal images are required to 

develop automatic system of retinal related diseases 
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detection. The images are captured by fundus 

camera and consists of 8-bits of Red, Green and 

Blue RGB) layers with 256 levels each. However, 

patient movement, poor focus, bad positioning, 

reflections, inadequate illumination are some factors 

that can result a poor images of quality and cause 

the analysis becomes more difficultly [18]. To 

overcome this, several image processing techniques 

on such images can improve the quality of images 

and level of success in the automated retinal related 

disease detection [19].  

III. Proposed Study 

The aim of this chapter is to describe the 

proposed method for automated detection of optic 

disc centre in retina fundus image to diagnose of 

retinal related diseases. This chapter begins by 

presenting the data used in this research work. 

Afterwards, the tools of this research work 

describes the research flow and the image 

processing technique overview. The flow of the 

study in this paper can be visualized in a flow 

diagram as shown in Figure 1. 

To perform detection of optic disc, especially in 

diameter of optic disc, High Resolution Fundus 

(HRF) database was used [8]. This database consists 

of 15 images of healthy patients, 15 images of 

patients with diabetic retinopathy and 15 images of 

glaucomatous patients. The images were captured 

using Canon CR-1 fundus camera a field of view of 

45° and different acquisition setting. The first step 

of this method is to detect the optic disc centre point 

candidate. All steps conducted to detect the optic 

disc centre point in this research work are depicted 

in Figure 3. 

The retinal fundus image whether from Messidor 

or HRF database consists of three components, 

namely the Red, Green and Blue (RGB) Channels. 

The RGB (Red, Green, and Blue) colour space is 

one of the most used colour spaces, particularly for 

8 bit digital images as expressed in (2-1) 

[8][20][21]. Red channel is the brightest image, the 

green channel has the best contrast and the blue 

channel image has the worse brightness and contrast 

[6]. Thus, green channel is extracted. Then, optic 

disc is localised using average filter. Average filter 

can be performed using equation (2-2). This filter is 

implemented by creating square average mask 

which has 51 × 51 of size. After that, the 

coordinates of some pixels having highest intensity 

value in retinal image are determined and then their 

centre point coordinate is obtained to produce the 

optic disc centre point candidate. By measuring the 

median coordinate value of row and column of all 

of the maximal pixels value, optic disc point 

candidate is determined. 

 
Fig. 3. Optic disc point candidate method 

IV. Result 

Detected optic disc centre point candidate is used 

in two parts of this proposed research. In this 

chapter, the description of the used of optic disc 

centre point candidate is focused on its application 

as a feature of glaucoma diseases. The example of 

HRF original colour image consists of red, green, 

and blue channel can be seen in Figure 4. 

 
Fig. 4. Sample of HRF dataset [4] 
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The proposed method is started by choosing the 

green channel due to having the highest contrast 

compared to the others as shown in Figure 5. 
 

 
Fig. 5. Green channel extraction 

 

Filtering is applied in the next step. Average 

filtering providing blurred effect in image is worked 

in 51 × 51 of size of window. Then, the next step is 

done by extracting the pixel coordinate having 

brightest or highest intensity value. Finally, the 

optic disc centre point candidate is achieved by 

determining the centre of the extracted pixel 

coordinate in the previous step. An example of 

detected optic disc centre point can be seen in 

Figure 6 below which is marked with the blue 

marker. 
 

 
Fig. 6. Optic disc centre point candidate in retinal image 

 

V. Conclusion 
The implementation of detection of optic disc 

centre retinal colour fundus images to facilitate the 

diagnosis of retinal related diseases has been 

conducted. This research work proposes an 

approach to assist ophthalmologists in making 

decision in terms of diagnosis retinal related 

diseases based on automatically of optic disc centre 

detection. Some of previous works have their own 

limitations, particularly in automation view and 

only work in healthy retinal image. Therefore, there 

is not information on how optic disc centre in 

retinal image of unhealthy patient can be extracted 

computationally.  
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