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Abstract: 

Glaucoma is a disease of the optic nerve caused by the increase in the intraocular pressure of the eye. Glaucoma main ly affects 

the optic disc by increasing the cup size. It can  lead  to the b lindness if it  is not detected and treated in p roper time. The detection 

of glaucoma through Optical Coherence Tomography (OCT) and Heidelberg Ret inal Tomography (HRT) is very expensive. This 

paper presents a novel method for glaucoma detection using digital fundus images. Dig ital image processing techniques, such as 

preprocessing, morphological operations and thresholding, are widely used for the automatic  detection of optic disc, blood vessels 

and computation of the features. We have extracted features such as cup to disc (c/d) ratio, rat io of the distance between optic disc 

center and optic nerve head to diameter of the optic disc, and the ratio  of blood vessels area in inferior-superior side to area of 

blood vessel in the nasal-temporal side. These features are validated by classifying the normal and glaucoma images using neural 

network classifier. The results presented in this paper indicate that the features are clinically significant in the detection of 

glaucoma. Our system is able to classify the glaucoma automat ically with a  sensitivity and specificity  of 100% and 80% 

respectively. 
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I.  INTRODUCTION 

 

Glaucoma is a chronic and irreversible neurodegenerative 

disease. Patients with early glaucoma do not usually have any 

visual signs or symptoms. Progression of the d isease results in 

loss of peripheral v ision and patients may complain o f tunnel 

vision (being only able to see centrally). Advanced glaucoma 

is associated with total blindness. According to World Health 

Organization, glaucoma is the second leading cause of 

blindness; it is responsible for approx- imately  5.2 million 

cases of blindness (15% of the total burden of world 

blindness)] and will increase to 11.2 million people by 2020. 

In Thailand, glaucoma is found to be prevalent in 2.5-3.8% of 

the Thai population or approximately 1.7-2.4 million people. 

Hence, a timely and precise early detection of glaucoma plays 

a key ro le for preventing irreversible damage in eyes 

. 

Figure. 1. a) Normal optic nerve head with small optic cup. 

b) Glaucomatous optic nerve head.  

The hole is larger, corresponding to the loss of nerve fibers. 

Currently, an important indicator of glaucoma is CDR, defined 

as the ratio of the vertical height of the optic cup to the vertical 

height of the optic disc. Optic nerve cupping progresses as the 

cup becomes larger (Figure 1(b)) in comparison to the optic 

disc as shown in Figure 1(a). A cup to disc ratio value that  is 

greater than 0.65 is generally  considered to be suspicious for 

glaucoma[3]. 

Retina image processing framework for cup-to-disc ratio 

(CDR) detection in glaucoma analysis. Many studies have 

been reported previously on the automatic segmentation of the 

optic disc and cup from retina fundus images. Many studies 

proposed a disc detection scheme using variational level-set 

segmentation and then, using threshold level-set segmentation 

for cup detection. This method uses an elliptical fitting post-

processing to handle deformation caused by blood vessels. 

The method presented in uses manual threshold analysis, color 

component analysis and ROI (Region of Interest) based 

segmentation for the detection of the cup. For the cup, the 

component analysis method is used. 

 

II. PROPOS ED METHODOLOGY 

 

To calculate the vertical cup to d isc ratio (CDR), the optic cup 

and disc first have to be segmented from the retinal images. 

Figure 2 depicts the framework for build ing the proposed 

detection system 

 
 

Figure. 2. Retina image processing framework for cup-to-

disc ratio (CDR) detection in glaucoma analysis 

 

Region of Interest Detection 

 

To calculate the vertical cup to d isc ratio (CDR), the optic cup 

and disc first have to be segmented from the retinal images. 

Figure 2 depicts the framework for build ing the proposed 

 

Research Article                                                                                                                             Volume 7 Issue No.3   



International Journal of Engineering Science  and Computing, March 2017         4787                                                                 http://ijesc.org/ 

detection system. In order to extract the optic disc and cup, 

each retinal fundus image has been captured using a high 

resolution retinal fundus camera and saved as a 3072 x 2048 

high-resolution digital image Thus, the region of interest 

(ROI) around the optic disc must first be delineated. Correctly  

Identifying the ROI results in a small image, speeding up the 

calculation of the CDR, since its size is  usually less than 11% 

of the entire retinal fundus image. ROI localization will 

require less human intervention and has potential for mass 

automated screening. In this paper, the set of fundus images 

are firstly examined, and it is found that the optic disc region 

is usually of a brighter pallor or higher color  intensity than the 

surrounding retinal area 

 

Cup to Disc Ratio 

 

After obtaining the disc and cup, various features can be 

computed. The clinical convention is used to compute the 

CDR. As CDR is an important ind icator for glaucoma 

screening. A good analogy to better understand the cup-to-disc 

ratio is the ratio of a donut hole to a donut. The hole represents 

the cup and the surrounding area the disc. If the cup fills 1/10 

of t he disc, the ratio  will be 0.1. If it fills 7/10 of the d isc, the 

ratio is 0.7. The normal cup-to-disc rat io is 0.3. A large cup-

to-disc ratio may imply  glaucoma .After obtaining the disc and 

cup, various features can be computed. Th en follows the 

clin ical convention to compute the CDR., CDR can be 

computed as 

CDR=VCD/VDD 

Where, 

VCD-Vertical Cup Diameter 

VDD-Vert ical Disc Diameter 

CDR-Cup-to-Disc Ratio  

The computed CDR is used for glaucoma screening .When 

CDR is greater than threshold, it is glaucomatous. 

 

III. LITERATURE S URVEY 

 

Several studies are reported in literature for detection of optic 

disk and detection and classification of g laucoma. The work is 

as follows: In Year 2006, Kevin Noronha performed  a work, 

"Enhancement of ret inal fundus Image to high light the 

features for detection of abnormal eyes"[6]. This work 

specifies the methods used to detect main features of retinal 

fundus images such as optic disk, fovea, and exudates and 

blood vessels using different techniques. To determine the 

optic Disk and its centre Author find the brightest part of the 

fundus and apply Hough transform. In Year 2007, Sangyeol 

Lee performed a work, " Validation of Retinal Image 

Registration Algorithms by a Projective Imaging Distortion 

Model"[4]. A variety of methods for retinal image registration 

have been proposed. Authors also present the validation tool 

for any retinal image registration method by tracing back the 

distortion path and accessing the geometric misalignment from 

the coordinate system of reference standard. In Year 2008, S. 

Sekhar performed a work," Automated localization of retinal 

optic disk using hough transform"[7]. The retinal fundus 

image is widely used in the d iagnosis and treatment of various 

eye diseases such as diabetic retinopathy and glaucoma. The 

proposed methodology consists of two steps: in the first step, 

region of interest (ROI) is found by image by means of 

morphological p rocessing, and in the second step, optic disk is 

detected using the Hough transform. In Year 2010, Zhuo 

Zhang performed a work," ORIGA -light : An Online Retinal 

Fundus Image Database for Glaucoma Analysis and 

Research"[8]. Author present an online dataset, ORIGA -light, 

which aims to  share clinical retinal images with  the public. 

Author had updated the system continuously with more 

clin ical ground-truth images. The proposed method focuses on 

optic disk and cup segmentation. In  Year 2010, Vahabi Z 

proposed," The new approach to Automatic detection of Optic 

Disc from non-dilated retinal images"[9]. Author describes a 

new filtering approach like Sobel edge detection, Texture  

Analysis, Intensity and Template matching to detect Optic 

Disc. The proposed algorithm is applied in wavelet domain on 

150 images of Messidor dataset. In Year 2011, Zafer Yavuz 

performed a work," Retinal Blood Vessel Segmentation Using 

Gabor Filter And Tophat Transform"[10]. In th is, Author gave 

a method for ret inal b lood vessels segmentation by applying 

firstly Gabor filter to  enhance blood vessels and then applying 

top-hat transform. Later on, the output is converted to binary 

image with p-tile thresholding. In Year 2012, Nilan jan Dey 

performed a work," Optical Cup to Disc Ratio Measurement 

for Glaucoma Diagnosis Using Harris Corner"[11]. In this 

paper, CDR is determined using Harris Corner. Harris comer 

detector [12,13] measures the local changes of the signal with 

patches shifted in different direct ions by a small amount. It is 

based on the local auto-correlation function of a  

 

IV. RES ULTS   

 

For optic cup and optic disc segmentation, images testing and 

also manual disc testing are used. This is to isolate the errors 

from the disc and cup. The overlapping error E is computed as 

evaluation metric. μE is the mean overlapping error. It shows 

that HISTj alone work poorly because it is very sensitive 
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Figure. 3.  Result  

 

V.  CONCLUS IONS  

 

In this project based methods for d isc and cup segmentations 

for glaucoma screening is presented. It has been demonstrated 

that CSS is beneficial for both disc and cup segmentation. In 

disc segmentation, HIST and CSS are complement to each 

other. CSS responds to blobs and provides better 

differentiation between PPA and discs compared with 

histograms. Histograms with the contrast enhancement 

overcome the limitation of CSS due to contrast variations. 

Reliab ility score is an important indicator of the automated 

results. In cup segmentation, the benefit of CSS is even larger 

than that in disc segmentation, because the colour change from 

cup to neuroretinal rim is much s maller. The segmentation is 

presented using the MATLAB coding.  
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