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Abstract—Glaucoma is the second leading cause of permanent 

blindness worldwide. Glaucoma can be diagnosed through 

measurement of neuro-retinal optic cup-to-disc ratio (CDR). 

Correctly determining the optic disc region of interest (ROI) will 

produce a smaller initial image which takes much lesser time 

taken to process compared to the entire image. The earlier ROI 

localization in the ARGALI system used a grid based method. 

The new algorithm adds a preprocessing step before analyzing 

the image. This step significantly improves the performance of 

the ROI detection. A batch of 1564 retinal images from the 

Singapore Eye Research Centre was used to compare the 

performance of the two methods. From the results, the earlier 

and new algorithm detects the ROI correctly for 88% and 96% of 

the images respectively. The results indicate potential 

applicability of the method for automated and objective mass 

screening for early detection of glaucoma.  
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I.  INTRODUCTION  

Glaucoma is a chronic and irreversible disease characterize 
by degeneration of optic nerve cells which changes the optic 
nerve head and visual field. Patients with early glaucoma do 
not have any visual signs or symptoms. Progression of the 
disease results in loss of peripheral vision and eventually total 
blindness. According to the World Health Organization, 
glaucoma is the second leading cause of blindness and it is 
responsible for approximately 5.2 million cases of blindness 
(15% of the total burden of world blindness) [1] and will affect 
60 million people by 2010 [2]. The disease is mostly caused by 
the malfunction or malformation of the eye’s drainage 
structures resulting in an increase in intraocular pressure (IOP). 
If left untreated, it would degenerate the optic nerve and retinal 
fibers and cause permanently irreversible damage to the 
ganglion cells. Through careful analysis of the retinal fundus 
image, earlier stages of glaucoma can be detected and promptly 
treated by lowering IOP[3], thus preventing or delaying the loss 
of the remaining optic nerve fibers. Mass screening is thus 
critical to prevent further development of glaucomatous 
damage in a person. Glaucoma atrophy can be seen by 

observing the optic nerve head (ONH) for signs of cupping or 
excavation of the optic disc which typically translate to an 
enlargement of the optic cup-to-disc ratio (CDR). Clinically, 
the diagnosis of glaucoma is done through measurement of the 
CDR of retinal fundus images obtained from fundus cameras. 
A CDR value that is greater or equal to 0.7 indicates high 
glaucoma risk [4]. ONH assessment is performed by trained 
ophthalmologist or expensive equipment such as the 
Heidelberg Retinal Tomography (HRT) system. However, 
ONH assessment by an ophthalmologist is subjective and the 
availability of HRT is very limited. An automatic CDR 
measurement system is in strong demand using a cost effective 
method for fast, reliable and efficient diagnosis of glaucoma. 
The system can make use of the 2D retinal fundus images 
easily taken at clinics using fundus cameras. 

The ARGALI (Automatic cup-to-disc Ratio measurement 
system for Glaucoma detection and AnaLysIs) system is an 
automated system we developed to facilitate screening for early 
detection of glaucoma [5]. In the earlier method in ARGALI, 
the retinal fundus image is divided into grids and the region of 
interest (ROI) where the optic nerve head is located is 
determined by finding the grid which is the mostly likely 
candidate. Correctly identifying the ROI results in a small 
image which speed up the calculation of the CDR since its size 
is usually less than 11% of the entire retinal fundus image. In 
this paper, we describe a new algorithm to accurately locate the 
ROI in the retinal fundus image. Next, steps are taken to 
determine the optic cup and disc in order to determine the 
CDR. However, the earlier ROI localization method in 
ARGALI is unable to correctly detect the ROI in certain image 
and need human intervention to decide on the exact location of 
ROI. Thus we need to find a solution to address this issue. 

In the new method, a preprocessing step is introduced to 
reduce bright spots that are likely to introduce errors in the ROI 
localization. Next, the entire image is processed to locate the 
most likely location of the ROI. The ROI localization method 
is a key component of ARGALI, which we developed for 
glaucoma risk diagnosis. Compared to the earlier method, its 
improved accuracy in the ROI localization means that it will 



                                                                                        
 

require less human intervention and has potential for mass 
automated screening.  

 

II. METHODOLOGY 

A. Neuro-Retinal Optic Disc and Cup boundary detection 

and CDR calculation in Glaucoma Diagnosis 

Clinically, neuro-retinal optic disc and cup boundaries are 
measured in order to calculate the CDR value. The ARGALI 
system is an automated system we developed to facilitate 
screening for early detection of glaucoma. 

Fig. 1 shows a simplified workflow of computer-aided 
glaucoma diagnosis through cup-to-disc ratio measurement in 
the ARGALI system. The initial step involves locating a region 
of interest in the retinal fundus image containing the optic disc. 
By limiting succeeding analysis to this ROI, a considerable 
reduction in the computational resources utilized is achieved, 
as the ROI is typically less than 11% of the total retinal fundus 
image size. Subsequently, a variation level set approach is then 
applied to this ROI to determine the optic disc, typically in the 
red channel where the visibility of the optic disc is greater. 
However, the detected contour is potentially affected by the 
presence of blood vessels traversing across the optic disc edges, 
resulting in an uneven contour. This unevenness can be 
mitigated through the application of direct ellipse fitting on the 
detected contour. Next, level set is applied to the region within 
the optic disc for the detection of the optic cup, where accurate 
segmentation is more difficult due to the denser vascular 
architecture within the optic disc, and decreased visibility of 
the optic cup boundary. Smoothing of the cup contours 
detected is performed using direct ellipse fitting. Finally, CDR 
values calculated using different combinations of the 

component methods. A fuller discussion of the component 
modules can be found in [6].  

 

B. Optic Disc Localization in ARGALI 

The ROI is defined as the region containing the optic disc 
and cup in the retinal fundus image. In the earlier disc 
localization approach in ARGALI, we first obtain a histogram 
of the grayscale retinal fundus image. Based on observation of 
the fundus image, the ROI is typically of higher intensity than 
the rest of the image. 0.5% of all pixels in the fundus image 
with the highest intensity are selected as potential candidates 
for the optic disc center. The image is then divided into 64 
smaller regions and the region corresponding to the largest 
number of selected pixels is marked as the optic disc center. A 
circle with radius twice the typical optic disc is drawn at the 
disc center to determine the boundary of the ROI.  

C. Enhanced Optic Disc Region of Interest Localization 

We examined the set of fundus images where the earlier ROI 
localization had failed and found that a majority of intensity 
images where the bright spots lies are characterized by a bright 
fringe (as shown in Fig. 2) at the rim of the fundus image. The 
bright fringe is introduced during the fundus image capturing 
when the patient did not place their eyes tightly against the 
acquiring device. In the fundus image with falsely detected 
ROI, the bright fringe is usually detected as the ROI since 
that’s where most of the bright spots are concentrated. Based 
on this observation, we introduced a preprocessing step to 

Figure 2. ROI detection with or without fringe removal 

Grayscale image Trimmed image 

Bright fringe Without bright fringe 

Incorrect ROI Correct ROI 

Figure 1. CDR calculation in ARGALI 



                                                                                        
 

reduce or remove the bright fringe. The step involves finding 
the center of the trimming circle and the trim radius. The 
central region of the image is masked away since we are more 
interested in the bright spots near the rim. The equation of the 
circle can be expressed as: 

022  cbyaxyx  

We use a least-squares fitting method [7] to find the values 
of a, b and c. The center of the trimming circle (cx, cy) and 
estimated radius, r is given by: 
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The trim radius is set to be slightly smaller than the 
estimated radius so as to remove the bright fringe. We then 
proceed to trim away the fringe from the fundus image. Next, 
we locate the area where 0.5% of the bright spots are 
concentrated in the trimmed image. The centroid of the bright 
spots is marked as the center and a circle with radius twice the 
typical optic disc is drawn at the disc center to determine the 
boundary of the ROI.  Fig. 2 shows the ROI localization with 
and without fringe removal. After the image is trimmed and the 
fringe is removed, the bright spots are found to be concentrated 
mostly in the optic nerve head region. 

 

  

 

 

III. EXPERIMENTS AND RESULTS 

To assess the performance of our system, we obtained a 
batch of 1564 retinal fundus images from the Singapore Eye 
Research Institute (SERI) collected as part of the Singapore 
Indian Malay Eye Study (SIMES) [8]. Each image had been 
captured using a high resolution retinal fundus camera and 
saved as a 3072 x 2048 high-resolution digital image. A senior 
ophthalmologist examined and graded the fundus images as 
part of the SIMES protocol. Amongst them, 482 are graded as 
glaucomatous and the remaining 1082 are non-glaucomatous.  

The retinal fundus images are organized into 3 categories: 
glaucomatous, non-glaucomatous and a combination of both. 
The ARGALI system was then used to locate the ROI 
containing the optic disc using both the earlier algorithm and 
the enhanced algorithm on these 3 categories of fundus images. 
The ROI is returned as an image of size 800x800 pixels 
(roughly 10.2% of the entire image) and is classified as a 
correct detection if the entire optic disk is contained in it. The 
results are shown in Table 1.  

 

Glaucomatous fundus images 

ARGALI Enhanced algorithm 

Enhanced algorithm ARGALI 

Figure 3. Comparison between the earlier method 

in ARGALI and the enhanced algorithm 

TABLE 1  

Comparison of the ROI localization algorithms 

Fundus Image 

Old ROI localization 

algorithm 

Enhanced ROI 

localization algorithm 

ROI 
detected 

incorrectly 

ROI 
detected 

correctly 

ROI 
detected 

incorrectly 

ROI 
detected 

correctly 

Non-

Glaucomatous 

117  

(10.8%) 

965  

(89.2%) 

25  

(2.3%) 

1057  

(97.7%) 

Glaucomatous 
73  

(15.2%) 

409  

(84.8%) 

32  

(6.6%) 

450  

(93.4%) 

Combined 
190  

(12.1%) 

1374  

(87.9%) 

57  

(3.6%) 

1507  

(96.4%) 

 

Non-Glaucomatous fundus images 



                                                                                        
 

We observed that the enhanced method outperform the 
earlier method used in ARGALI in every categories. We 
observed that glaucomatous fundus images have a poorer 
detection compared to non-glaucomatous fundus image. This 
phenomenon could be because the glaucomatous fundus 
images tend to show symptoms of eye pathologies that are less 
common in normal and healthy eyes. 

Fig. 3 compares the detected ROI using ARGALI and the 
enhanced algorithm. The earlier method is unable to detect 
fundus image with bright fringe and this increases the amount 
of incorrect detection. In contrast, the enhanced algorithm is 
able to reduce the influence of the fringe and detect these 
images correctly. This explains why the enhanced algorithm is 
superior compare to the earlier one. 

However, both algorithms are unable to detect certain 
special cases where the bright spots are not concentrated at the 
optic disc region. Fig. 4 shows some of such fundus images. 
The green circle shows the correct position of the optic disc 
region. Large patches of abnormalities can be seen in these 
images and are very different from normal and healthy eyes. 
According to the ophthalmologists we consulted; these belong 
to patient with certain eye pathologies which may not be 
glaucoma related. This finding is very encouraging because it 
means that the enhanced ROI detection algorithm is useful 
even when it fails! We can use this algorithm to isolate patients 
with potential eye pathologies quickly from a large collection 
of retinal fundus images. This can be potentially use in clinic to 
perform mass screening quickly and cheaply. 

  

IV. CONCLUSIONS 

 
In this paper, we present an enhanced ROI localization 

method for a more accurate detection of the ROI containing the 
optic disk. Comparing with the state-of-the-art ARGALI 
system, the new approach achieves a better ROI detection in 
both glaucomatous and non-glaucomatous fundus images. It is 
able to correctly detect 96% of the fundus images, while the 
earlier method in the ARGALI works for 88% of the images. 
The enhanced ROI is able to do this by introducing a 
preprocessing stage to remove fringe from the fundus images to 
reduce noise caused by external lighting captured during the 
image capturing session. However, in certain fundus images, 
the bright spots are not concentrated in the optic disc region 
causing the algorithm to fail to detect the ROI. These fundus 
images usually display symptoms of certain eyes pathologies. 
This information may be useful as a form of early warning of 
eye pathologies and can be used is mass screening of fundus 
images.  
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Figure 4. Glaucomatous fundus images where 

both ROI localization algorithms fail. 


