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ABSTRACT 

Glaucoma affects most of the eyes of the people which leads 

to blindness. Glaucoma harms the optic nerve cells that 

transmit graphic information to the brain. Hence it is 

important to detect glaucoma in eyes. Cup-to-Disc Ratio 

(CDR) is commonly used as an important parameter for 

glaucoma screening, involving segmentation of the optic cup 

on fundus images. A novel approach is proposed using the 

intensity values and size of the cup and disc. The proposed 

method uses the radius of the cup and disc for feature 

extraction. The features are classified using Support Vector 

Machine (SVM) classifier. The proposed method uses RIM-

ONE dataset for evaluation.  It achieves 99% specificity at 

82% sensitivity with 0.863 AUC.   
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1. INTRODUCTION 
Glaucoma is an eye disease which occurs due to the 

intraocular pressure inside the eye triggered by secretion of 

excess fluid which in turn leads to damage of the optic nerve. 

This can impair vision by causing irreversible damage to the 

optic nerve and to the retina. This will lead to the blindness if 

it is not detected at the earlier stage. Glaucoma results in 

vision loss, and is an especially dangerous eye condition 

because it frequently progresses without noticeable symptoms 

.Early glaucomatous is complicated to detect, requiring 

suspicious examination of the optic nerve. The detection of 

glaucoma through Optical Coherence Tomography (OCT) and 

Heidelberg Retinal Tomography (HRT) are very costly [1, 2] 

compared to digital fundus images. It is easy to extract the 

features of the fundus images such as optic disc and cup to 

suspect the glaucoma [3, 4, 5].Glaucoma detection is 

classified into two categories: Primary open angle glaucoma 

and another is secondary glaucoma. In very early stage if it is 

diagnosed as glaucoma, that stage is called as primary open 

angle glaucoma. If it is diagnosed at later stage, it is 

secondary glaucoma. In [6], open angle glaucoma diagnosis is 

introduced which makes use of the area of optic cup and 

neuron retinal rim. 

Optic Nerve Head (ONH) assessment for glaucoma detection 

is commonly done by observing stereo optic disc images for 

structural abnormalities. Stereoscopic photographs of the 

optic nerve allow a perception of the cup depth, which is an 

important cue for glaucoma. There are many researches in 

monocular images that have evaluated the changes in the optic 

nerve by computing the ONH depth map using stereo 

matching methods [7-8].  Cup-to-Disc Ratio (CDR) is an 

important parameter which is calculated from the optic disc 

and cup and is commonly used in identifying elongation of 

optic cup and loss of neuron-retinal rim. In [9], CDR 

estimation with thresholding techniques is calculated from 

stereo images. This method requires the huge cost and high 

level of expertise required for stereoscopic evaluation. Hence, 

the use of stereo imaging is limited in glaucoma detection. 

In [10], depth estimation and cup extraction is done on a 

single image using a coupled sparse dictionary based 

supervised method. CDR estimation has been widely used for 

glaucoma detection in monocular retinal fundus images. 

Various methods such as deformable  model based [11], super 

pixel based [12] and supervised classifier based methods [13] 

have been implemented on monocular images to segment the 

optic cup and compute CDR. Very few works have directly 

used CDR for classification of normal and glaucomatous discs 

[14]. The use of CDR for glaucomatous detection is limited 

due to the considerable overlap between glaucomatous and 

normal cases [15]. 

Akshaya et al. introduce a technique [16] which is based on 

the assumption that the actual depth map of the disc is related 

to the intensity variations inside the disc. They performed 

super pixel-based supervised soft segmentation of optic cup 

from the retinal fundus image [17], and build a depth map of 

the optic disc ROI. They also developed a fast marching 

technique to estimate the unsupervised depth map, and 

combine the two to compute our final depth estimate of the 

optic disc. This is used to compute spatial features and 

intensity features that characterize the variations in the depth, 

for the detection of glaucoma. 

Many methods have focused on achieving accurate cup 

segmentation to compute CDR, but only few have explored 

the next step of using this information for detection. In [18], a 

super pixel-based segmentation is developed followed by 

ellipse fitting, while in [19], thresholding and morphological 

operations are performed, to extract the optic disc and optic 

cup boundaries. Various parameters are calculated from these 

structures and used for image level classification. Many 

methods are concentrated in extracting features from the 

retinal images.  Features like wavelet-based features [20], 

fractal features [21], and Gabor features [22] are extracted for 

classification of normal and glaucomatous images. Recent 

work shave also tried reconstruction based learning 

techniques [23-24] to compute the optic disc and optic cup 

parameters for glaucoma detection.  

The idea of our approach is to make use of distance between 

the cup and the disc of the eyes. In order to identify the cup 

and disc in the eyes, pre-processing is done in the fundus 

images. After identifying the cup and disc, the distance is 

calculated using the area of the cup and disc. The difference in 

the radius of the disc and cup can be used to identify normal 

and glaucoma eyes. The proposed method is tested in publicly 

available RIM-ONE dataset. The performance of the proposed 

method is evaluated by comparing it with recent methods.  

The remaining of the paper is structured as follows. Section II 

describes the system architecture. Section III demonstrates the 

proposed method with some experiments followed by 

conclusion in Section IV.  
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2. SYSTEM ARCHITECTURE 
The proposed method extract geometrical feature of optic cup 

and disc from fundus images. For this purpose, the fundus 

image is pre-processed to obtain the optic disc and cup. Then 

the area is calculated for the disc and cup from which the 

radius is calculated. The distance between the cup and the disc 

is calculated from the radius. It is observed that the distance 

between the cup and disc of normal eyes and glaucomatous 

eyes are dissimilar. Figure 1 and 2 shows the overall 

architecture of the proposed system. The proposed system 

consists of two phases: training phase and testing phase. The 

features are extracted and it is trained in training phase using 

SVM classifier.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 System Architecture – Level I 

The algorithm for feature extraction is as follows: 

Step 1: Image cropping. As the fundus image is too large,  

feature extraction may take long time. Hence, the 

region of interest is cropped for further processing.  

Step 2: Gray-scale Conversion 

Step 3: Histogram equalization 

Step 4: Identification of cup and disc. Thresholding is used to  

Differentiate cup, disc and the background. It is 

observed that the gray scale of cup is above 250 and 

the disc is between 240 and 250.  The remaining gray 

values are identified as background. 

Step 5: Calculating area of cup and disc, it is denoted as  

 AC and AD respectively.  

Step 6: Calculating radius of the cup and disc, it is denoted as  

RC and RD respectively. 

Step 7: The difference between cup and disc is calculated as 

           ……..  (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 System Architecture – Level II 

After extracting features, it is trained and classified using 

SVM classifier.  The choice of SVM over other traditional 

methods such as nearest neighbours, regression, neural 

networks and discriminant analysis is by their reported 

advantages [25].  It does not require regularity in the data so 

that it can be applied to data following an unknown 

distribution.  It scales well to high dimensional data, and the 

trade-off between complexity and error can be controlled 

explicitly. Moreover, SVM is the classifier providing the best 

framework for comparison with other state-of-art 

methodologies without compromising future improvements of 

the system. 

3. EXPERIMENTAL RESULTS 
The proposed method is evaluated on publicly available RIM-

ONE r3 database [26].  The RIM-ONE database is specifically 

designed for glaucoma diagnosis, not only for medical 

educational purposes, but also as an evaluation tool for 

designers of segmentation algorithms. RIM-ONE allows the 

free download of different fundus images (healthy eyes and 

eyes with different glaucoma levels). It consists of 159-image 

among which 85 are normal eyes, and 74 are glaucomatous 

eyes. The process of feature extraction is shown in Fig. 3. 
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Fig 3 Process of Feature extraction (a) Glaucoma Suspects 

(b) Normal Eyes 

From Fig. 3, it is clear that the thresholding technique is well 

suited to identify cup and disc of the eyes.  

 

 

 

 

Fig 4. shows the disc and cup of various fundus images. 
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Fig. 4 Left 2 Columns Optic Disc Segmentation and  

Right 2 Columns Optic Cup Segmentation 

It is observed that the size of the cup of glaucoma suspect 

eyes is larger than the normal eyes.  The radius is calculated 

for optic cup and disc and the difference is shown in Table 1.  
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Table 1. Radius Difference for Glaucoma suspects and 

healthy eyes 

Glaucoma Suspects Healthy Eyes 

Image 
Radius 

Difference 
Image 

Radius 

Difference 

G-1-L 52.01 N-1-L 33.44 

G-2-R 53.67 N-2-R 29.40 

G-3-L 51.81 N-3-L 29.34 

G-4-R 55.26 N-4-R 29.67 

G-5-L 52.86 N-5-L 31.16 

G-6-R 51.12 N-6-R 28.33 

G-7-L 52.84 N-7-L 30.23 

G-8-R 52.46 N-8-R 30.63 

G-9-L 55.09 N-9-L 28.95 

G-10-R 55.14 N-10-R 32.56 

Average 53.23 Average 30.37 

 

It is observed that the radii difference of healthy eyes and 

glaucoma suspects eyes are dissimilar. This difference is 

given to SVM classifier. The performance of the proposed 

method is evaluated using accuracy, specificity and 

sensitivity. In order to calculate these measures, following 

terminologies must be known: 

 True Positives (TP) 

 True Negatives (TN) 

 False Positives (FP) 

 False Negatives (FN) 

The accuracy, specificity and sensitivity are calculated as 

         
       

 
  (2) 

              
  

 
                                   (3) 

             
  

 
   (4) 

Where N is the total number of fundus images, F are actual 

false, P are actual true. The proposed method is evaluated by 

plotting ROC curve. The number of training images is varied 

to find the sensitivity and specificity. It is shown in Fig. 5. 

Table II shows the results obtained by the proposed method. 

 

 

Fig. 5 ROC curve for the proposed method 

Table II. Results obtained by the proposed method 

Image Type 
No. of 

Images 

No. of Training 

Image: 

1-Glaucomatous 

2-Normal 

No. of Training 

Image: 

1-Glaucomatous 

2-Normal 

Positive Error Positive Error 

Glaucomatous 74 61 13 74 0 

Normal 85 84 1 84 1 

Total 159 145 14 158 1 

 

4. CONCLUSION 
Glaucoma is a disease that causes optic nerve damage, and 

can lead to permanent vision loss. Early detection of its 

presence is the key to prevent complete vision loss.  Image 

processing technique can be used to identify glaucoma at its 

earlier stage.  In this work, glaucoma is identified in fundus 

images making use of the distance between cup and disc.  The 

proposed method is tested in RIM-ONE dataset and it 

achieves 99% specificity at 82% sensitivity with 0.863 AUC. 
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