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Abstract: The proposed work is an automated system for the detection 

of Glaucoma which is done by using the algorithms CDR and ISNT 

ratio of a retinal fundus image. In general for the Glaucoma patient 

the size of the optic cup increases but the size of the optic disc will be 

the same and so the cup to disc ratio value will increased for the 

patients with Glaucoma than the normal patients. The ROI of the green 

plane is done and that image is subjected to K Means clustering 

methodology repeatedly and the optic disc is segmented using it. Area 

of the optic disc and optic cup is determined through elliptical fitting 

and hence CDR is calculated. For the identification of Glaucoma 

another parameter known as ISNT is used through the area of the 

blood vessels in the Inferior Superior to Nasal temporal side. The ratio 

will be lesser for the Glaucoma patient than the normal patient if the 

vessels shift to the Nasal side. To extract the blood vessels two 

techniques, Matched filtering and local entropy thresholding are 

applied. The programming language used to implement this method is 

C++ using OpenCV (Open Source Computer Vision Library) library 

functions. The library of micro and macro programming functions is 

known as OpenCV library functions which are developed by Intel. 

Core, highgui, image proc, ml are some of the main library functions 

used from OpenCV. These optimized functions in OpenCV improve the 

speed of the operation and hence they are very useful in real time mass 

screening purpose. A set of fifty retinal fundus images obtained (25 

normal and 25 abnormal retinal images) from Aravind eye hospital has 

been used to determine the efficiency of the featured system. 
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1. INTRODUCTION 

 
One of the most important reasons for blindness next to 

diabetic retinopathy is glaucoma. Initial identification of 

glaucoma can prevent the disease from getting severe hence 

blindness can be avoided. Since the screening of the system is 

costlier and difficult to follow this initial identification becomes 

difficult. This initiates to the development of an automated system 

that provides cheaper and quicker identification. The library 

functions of the OpenCV made to prefer it over mat lab. The 

library macros and micro functions increase the speed of the 

system. The proposed system is the detection of glaucoma 

automatically in a retinal fundus image using two algorithms 

namely CDR and ISNT. This method was already implemented 

by using mat lab library functions which consumed more 

processing time. The segmentation methodology used in the 

detection of optic nerves, by using the Houghman transformation 

and morphological operators has been proposed by Chraslek et., 

2005. 

Another efficient method has been proposed by 

Ravishankar and Mittal for extracting the features and exudates in 

the image. Then another method for the segmentation of optic 

disc and lesions automatically was developed by Ahmed et al., 

2005. This is done by using the green transformation of the image 

and the image is subjected to the pre processing steps such as 

contrast enhancement, thresholding and noise filtering.  

In image processing, segmentation is the most important 

process to consider. This segmentation can be done by using the 

Region of Interest and component analysis method. Either one of 

it can be used in detecting the optic disc. The component analysis 

method alone is enough for the detection of the optic cup. For 

plotting boundaries the active contour technique is used which 

plot them accurately. Liu at al., 2008 proposed the variation level 

set technique to extract the optic disc automatically. Then from 

the monocular retinal fundus images, the retinal cup and optic 

disc are segmented and this is proposed by Jayanthi and Gobal 

2011. 

The local image datas, in feature space which is 

characterized multidimensionaly has been used to achieve 

robustness against the deviation in optic disc segmentation. New 

template based methodology has been developed by Arturo et al., 

2010 in which different algorithms are developed to a template 

and used in required conditions. 

End detection techniques and morpohological operators 

are used to find the optic disc. And circular Hough transform has 

been applied to detect the circular OD boundaries, which is 

established by locating the pixel in the optic disc, which is the 

primary source of information. A dedicated technique for the 

detection of glaucoma has been proposed by Rajendra et al., 2011 

by using the higher order spectra (HOS) and texture features 

present in the digital retinal fundus image. The status of the 

retinal vessels and the head of the optic nerve is evaluated by 

obtaining the sterio disc photograph and then it is analysed, then it 

is reconstructed to a 3 dimensional images. To remove the noises 

present in the image, step by step preprocessing is done. Figure 

1.1 and 1.2 shows the normal and preprocessed image. 

 

 
 

Fig.1.1 Normal image 

 
 

Fig.1.2 Pre-processed image 

 

A new image system RET cam which is to capture the 

corneal angle which is helpful for classification is proposed by 

Jun et al., 2004. One of the leading cause of blindness is 

glaucoma which if found at their earlier stages the severe effects 
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of it can be prevented. This can be identified by measuring the 

neuro retinal CDR which is described by Zhuo et al., 2009. The 

interweavement of the neighboring tissues surrounding the cup, 

with the blood vessel make the optic cup boundary calculations 

challenging. This at time reduces the accuracy of the calculations 

and produce false detections. A multidimensional fusion 

technique is established to find the neuro retinal cup detection 

which greatly improves the accuracy in the identification of the 

boundary. 

Scanning laser Polarimetry technique model proposed by 

Koen at el., 2006, to identify the differences in images produced 

by scanning laser polarimetry in the identification of glaucoma in 

progress. The exit point of the retinal nerve fiber is the optic disc 

and for the retinal blood vessels it is both the entrance and the exit 

point. 

In image pre-processing a new approach for filtering in 

the wavelet domain is presented by Vahabi et al., 2010. The optic 

disc is detected by using texture analysis, intensity matching, 

template matching and sobel edge detection technique.  

By extracting the features such as CD ratio and ISNT 

ratio glaucoma is identified from the retinal image in a OpenCV 

platform. This work is improvised by using a standard classifiers 

and embedding a code in to a processor that supports this 

language. 

 

2. METHODS AND MATERIALS 

 
A set of 50 retinal fundus photographs are collected from 

Vasan eye care hospital, Dindigul during 2015 which is used for 

the assessment purpose and to train the proposed system. The 

programming language used here is the OpenCV (Open Source 

Computer Vision Library) version and Microsoft visual C++, 

2008 express edition. The libraries used here are highgui, excore, 

etc. 

 

3. PROPOSED METHODOLOGY 
 

The proposed work is divided mainly in to 

preprocessing, ROI, CDR, and ISNT calculation which results in 

the identification of  glaucoma. Preprocessing is done to eliminate 

the false photographic effect and other artifacts present in the 

images. It processes the illumination inconsistencies and removes 

the noises to make the image ready for preprocessing. The block 

diagram of the proposed system is shown in Figure 2 

 

 

3.1 ROI 

ROI, Region Of Interest. First the retinal fundus image 

in RGB mode is taken using a fundus camera. The obtained image 

size is 1504*1000 pixels. Then the image is converted to the 

green plane as it makes the extraction easier. Once the image is 

converted to the green plane the optic disc and optic cup are 

identified since they are highlighted well in the green plane than 

the other two planes. The entrance of the vessels and the optic 

nerves to the retina is the optic disc. Walter and Klein et al., 2005 

observed that the brightest point in the retinal fundus image is the 

optic disc. The stages in the ROI extraction is shown  in the 

diagram Figure 3 . 

Fig.3 Stages of ROI extraction 

 

cvMinMaxLoc() is a function used to determine the optic 

disc as the brightest point in the gplane of the image. 

The region around the optic disc is approximately 

marked as Region of Interest. The image of size larger the certain 

pixel intensities consumes a larger processing time. A 360*360 

pixel square having the brightest point as the centre pixel is 

marked as the ROI. 

A small portion of the other regions and the optic disc is 

initially considered as the region of interest. 

 

3.2 CDR CALCULATIONS 
 

Input Image 
 

Pre processing 

Green plane conversion 

K Means clustering 

 

CDR calculation 

ISNT calculation 

Identification of 

glaucoma 

Fig.2 Proposed block diagram 
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By applying the k means clustering technique the optic 

cup and the optic disc are segmented from the ROI. Both the optic 

disc and optic disc are resized to elliptical shapes to find out the 

area of the vessels. These are explained in the below sections in a 

detailed manner. 

 

3.2.1 Feature Extractions: 

To compute one of the features CDR, the k-means 

clustering technique is used which plays an important role in the 

feature extraction stage. It serves as the unsupervised algorithm 

that provides solution to the well known clustering problem. This 

technique identifies and provides an easy way to classify the 

given data set and defines the K centroids by finding the centre in 

a cluster. It also groups the samples together provided as the 

input. The results of the previous steps are used to calculate K 

new sets of centroids as the mean of the clusters. 

These two steps are applied repetitively until no more 

changes are possible for the centroids to change their location.  

 

3.2.2 Localizing optic disc and optic cup: 

 

The ROI image is partitioned in to k clusters by using 

the k means clustering technique which repeats the process until 

no more possibilities can occur. The entire area of the optic cup, 

optic disc and some portion of other regions are the areas covered 

by the Region of Interest. 

The cluster value „K‟ is selected as 3. The cluster that 

includes optic disc has to be identified from the three clusters. 

The other region that does not contain optic cup and optic disc are 

neglected from the region of interest. Once these regions are 

identified the optic cup and optic disc is segmented from the 

cluster. The optic disc, optic cup and K-means clustering images 

are shown in Figure.4 

It is clearly known that the optic disc contains the optic 

cup in it, so a point is fixed from the center of the cluster in the 

image. cvKmeans2 () is a function that implements the K-means 

algorithm technique to the image. Then the holes and smaller 

portions in an optic disc and optic clusters are filled to remove the 

noises. 

Once the optic disc has been found, the contours are 

identified and the contour that has maximum area will represent 

the optic disc. The function that is used to identify an ellipse in a 

rectangle is cvMinAreaRect (). 

 

 

 
 

Fig. 4: (a) Optic disc 

 
 

Fig. 4: (b) Optic cup 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: (c) K means clustering image 

A=Bab iSt is the expression that is used to calculate the area of 

the optic disc and area of the ellipse where „a‟ is the length of the 

major axis and „b‟ is the length of the minor axis, that is half of 

the rectangle width and height respectively. In this same manner 

the area of the optic cup is evaluated. The ratio of optic disc to the 

optic cup is known as CDR. This ratio is evaluated and used as 

one of the important feature for detecting the glaucoma. 

 

3.3 ISNT CALCULATION 

 

The blood vessels in the retina is divided in to four quadrants 

inferior, superior, temporal and nasal. The area of these quadrants 

are used for calculating the ISNT ratio which is another important 

factor. A matched filter response is applied to enhance the blood 

vessels. The blood vessels are extracted by applying a local 

thresholding and in all the four quadrants as said earlier, the area 

of the vessels are calculated. 

 

3.3.1 Matched filter: 

 

The matched filter concept is used to enhance the blood 

vessels in the Region Of Interest in a piecewise linear segment. 

The original image is convolved with the matched filter kernel 

that has been designed to enhance the blood vessels that have 

poor contrast. This kernel prototype is expressed as follows  

 

               f(x, y) = - exp{ 
  

   
}, for | |<= 

 

 
 

 

Where „L‟ denotes the length of the vessel  segments, for 

which its orientation is assumed to be fixed. The retinal fundus 

image is convolved with as set of twelve 15*16 pixel kernel. At 

each pixel the maximum response is taken. The functions 

cv2DrotationMatrix () and cvWarpAffine () are used for rotating 

the kernel. 

The blood vessels in original and enhanced images are 

shown in Figure.5. 
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Fig.5 (a) Normal image 

 
 

Fig.5 (b) Contrast enhanced 

 

3.3.2 Local entropy thresholding:  

To extract the blood vessels from the background a 

proper thresholding of the obtained matched filter response is 

executed. The method proposed by Thitiporn and Guoliang, 2003 

is used to calculate the threshold and the matched filter response 

is calculated in co-occurrence matrix. Threshold value obtained is 

used for thresholding. To extract the optic disc from the blood 

vessels a circular mask is constructed.  

A mask of size 360*360 which is equal to the size of 

ROI is rotated to obtain blood vessels in all the four quadrants. As 

said earlier the ISNT ratio is calculated by using the blood vessels 

area in those quadrants. The blood vessels are thus extracted and 

the rest of the regions are masked out. 

 

4. EXPERIMENTAL RESULTS 

 
For a set of 5 normal and glaucoma retinal images the 

ISNT and CDR ratio values are calculated and their values are 

tabulated below. 

 

If the cup size is increased then the CDR value is high 

stating that the patient has glaucoma and it is also noted that for 

glaucoma patient the ISNT ratio will be less as the blood vessels 

will move towards the nasal side. It is concluded from the table 

that the threshold value for CDR shall be set at 0.33 and for ISNT 

ratio it shall be approximated as 1.00. 

 

Table.1 Tabulation of CDR and ISNT values 

 

 

CDR 

 

 

ISNT RATIO 

Normal 

 

Glaucoma Normal Glaucoma 

0.2520 0.4390 1.4929 0.8879 

0.2650 0.4779 1.3987 0.7930 

0.2479 0.4120 1.2840 0.8629 

 

 

5. CONCLUSION 

 
In this work, an automated method used to identify the 

glaucoma based on two algorithms ISNT and CDR ratio in a 

OpenCV platform is proposed. The ROI is first fixed and the 

optic cup and optic disc is segmented by using the k-means 

clustering technique recursively and by using the elliptical fitting 

method, the area of OD on optic cup are calculated. By applying 

the matched filter response to the preprocessed image the noise is 

removed and the blood vessels are enhanced. This blood vessel is 

now easy to extract and they are done so by using the local 

entropy thresholding method. Then the ISNT ratio is calculated 

by calculating the area in the four quadrants and masking out the 

rest of the region. As the program is done in OpenCV platform it 

is easily embedded to the processor. Different classifiers are used 

in the proposed system to improve the performance. The result 

during the experiments shows that 92% sensitivity is produced 

from the predefined image sets. In future this database is 

connected to a universal database and immediate comparison and 

results are obtained. 
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