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ABSTRACT 

 
Glaucoma is a serious eye disease, overtime it will result in gradual blindness. Early detection of the 

disease will help prevent against developing a more serious condition. A vertical cup-to-disc ratio which is 

the ratio of the vertical diameter of the optic cup to that of the optic disc, of the fundus eye image is an 

important clinical indicator for glaucoma diagnosis. This paper presents an automated method for the 

extraction of optic disc and optic cup using Fuzzy C Means clustering technique combined with 

thresholding. Using the extracted optic disc and optic cup the vertical cup-to-disc ratio was calculated. 

The validity of this new method has been tested on 365 colour fundus images from two different publicly 

available databases DRION, DIARATDB0 and images from an ophthalmologist. The result of the method 

seems to be promising and useful for clinical work. 
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1. INTRODUCTION 

 
Glaucoma is a disease of increased pressure within the eyeball. The disease is mostly caused due 

to increased intraocular pressure (IOP) resulting from a malfunction or malformation of the eye’s 

drainage structures. If left untreated, it would lead to degeneration of optic nerve and retinal 

fibers. Early diagnosis of glaucoma through analysis of the neuro-retinal optic disc (OD) and 

optic cup (OC) area is crucial. The increase in pressure results in immoderate amount of stress to 

be put to the attachment of the optic nerve to the eye. Lack of treatment for glaucoma can lead to 

permanent blindness. Early detection of the disease will help prevent against developing a more 

serious condition. The fundus images are used for diagnosis by trained clinicians to check for any 

abnormalities or any change in the retina. Important anatomical structures captured in a fundus 

image are blood vessels, OD, OC, and macula for a normal retina. An image of a diseased retina 

may also contain many visible symptoms of the eye-disease. In a healthy retinal image the OD 

usually appears as a circular shaped bright yellowish object which is partly covered with vessels. 
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The OC is the cupping of the optic nerve and that means the size of the depression in the middle 

of the nerve when viewed from the front of the eye. When there is damage to the optic nerve, the 

cupping increases. Changes in the OD and OC can indicate the presence, current state and 

progression of glaucoma [1][2]. 

 

Since the colour fundus images provide early signs of certain diseases such as diabetes, glaucoma 

etc., colour fundus images are used to track the eye diseases by the ophthalmologists. Figure1 

shows the important features of a retinal colour fundus image. 

 

 
 

Figure1. Colour Fundus Image 

 

Diseases with symptoms on the fundus images are very complex. Several main symptoms of 

diseases expressed on the disk optic, blood vessels, haemorrhage and lesion areas on the retinal 

background. For the OD, differences in the color, shape, edge or vasculature may signify a 

pathological change or may just be part of the wide spectrum of normality. The physiological cup 

varies in shape, size and depth, and any enlargement of the cup is one parameter used in the 

assessment of glaucoma. Figure 2 shows the colour fundus image of a normal eye and 

glaucomatous eye. 

 

 
                                  (i)                                                                  (ii) 

 

Figure 2. (i) Fundus image of a normal eye (ii) Glaucomatous eye fundus image 
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One of the hallmarks of glaucoma is the optic nerve damage, which is characterized by cupping 

of the optic nerve. Even a normal optic nerve has a small amount of cupping. However, the 

patients with glaucoma tend to have larger cupping than normal subjects. The cup-to-disc ratio 

(CDR) of normal subjects is typically around 0.2 to 0.4 as it is shown in Figure 2(i). However, 

with glaucoma, there is progressive loss of optic nerve fibers, and consequent increase in the cup 

size of the optic nerve[3]. Figure 2(ii) shows a glaucomatous fundus image. Nowadays, CDR is 

manually determined by trained ophthalmologists and has to be diagnosed by using retinal 

images from special cameras which are expensive. These are limitations of potential in mass 

screening for early detection. This paper focused on developing a new method that can provide 

suitable way to compute CDR result which give the most accurate result and prevent from current 

limitation. 

 

This paper is organized as follows: 

 

Section 2 presents a brief survey of existing literature. Section 3 describes the materials used for 

the present work. A new algorithm to efficiently extract OD and OC in ocular fundus images and 

computation of CDR are given in Section 4. The results are presented in Section 5, and 

Conclusions are given in the final Section 6. 

 

2. LITERATURE SURVEY 
 

Different techniques are described in the literature for OD and OC extraction for the computation 

of the CDR. The Active Shape Model (ASM) based optical disk detection is implemented by 

Huiqi et al.[4]. The initialization of the parameters for this model is based on Principal 

Component Analysis technique. The faster convergence rate and the robustness of the technique 

are proved by experimental results. Huajun Ying et al. [5] designed a fractal-based automatic 

localization and segmentation of optic disc in retinal images. K. Shekar [6] developed a method 

for OD segmentation using Hussain, A.R. et al. [7] proposed a method for optic nerve head 

segmentation using genetic active contours. J.Liu et al. proposed a technique to extract optic disc 

and cup in order to determine cup to disc ratio. Optic disc is extracted using a variational level set 

method and the detected contour is uneven due to influence of blood vessels. Detection of cup 

boundary was performed using intensity and threshold level set approach. Thresholding 

techniques produced better results for both high and low risk retinal images. An ellipse fitting is 

used to smoothen the boundary [8,9]. 

 

Zhuo Zhang et al. [10] designed a convex hull based neuro-retinal optic cup ellipse optimization 

technique. Wong, D.W.K. et al. [11] developed SVM-based model optic cup detection for 

glaucoma detection using the cup to disc ratio in retinal fundus images. Joshi G.D. et al. [12] 

developed vessel bend-based cup segmentation in retinal images. Shijian Lu et al. [13] proposed 

a background elimination method for the automatic detection of OD. Gopal Datt Joshi developed 

a deformable model guided by regional statistics to detect the OD boundary. Cup boundary 

detection scheme is based on Lab color space and the expected cup symmetry. This method uses 

sector wise information and give rise to fewer false positives and hence better specificity. Error 

value computed is less for a normal image than for a glaucomatous image [14]. Morphological 

operations were used for locating the optic disc in retinal images by Angel Suero et al. [15]. 

 

In this paper, a new algorithm based on Fuzzy C-Means Clustering (FCM) technique combined 

with thresholding, is used for OD and OC extraction. This new method, firstly, extracts the OD 
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and OC of the colour fundus image and computes the vertical CDR automatically. This is an 

efficient method for the automatic screening of colour fundus image for CDR computation. 

 

3. MATERIALS AND METHODS 
 

The fundus images used in these experiments are taken from publicly available databases DRION 

and DIARATDB0 and, images from Giridhar Eye Institute, Kochi, Kerala. The CDRs obtained 

from an ophthalmologist is used as ground truth for the evaluation. 

 

4. DEVELOPED ALGORITHM 
 

The new approach is composed of four steps. The channels of the colour retinal are separated. 

The blood vessels are removed, applying the contrast adjustment to enhance the low contrast 

image image. The Fuzzy C Means combined with thresholding is applied on the red channel of 

the input image for the extraction of the OD and the same technique is applied on the green 

channel of the input image for the extraction of OC. The CDR is computed using the ratio of 

vertical diameter of OC and OD. 

 

4.1. Preprocessing 
 

The preprocessing step excludes variations due to image acquisition, such as inhomogeneous 

illumination. In preprocessing, techniques such as morphological operations and contrast 

enhancement are applied on the input image. The following sections include different 

preprocessing operations used in this paper. 

 

4.1.1. Preprocessing steps for Optic Disc Extraction 

 

4.1.1.1. Selection of Red Channel 

 

From the previous studies it is shown that even though the green component of an RGB 

retinography is the one with highest contrast, the OD is often present in the red field as a well-

defined white shape, brighter than the surrounding area [16]. Therefore the red channel of the 

RGB colour images is used for the extraction of OD regions in the retinal fundus images. 

 

4.1.1.2. Removal of Blood Vessels 

 

Since blood vessels within the OD are strong distracters, they should be erased from the image 

beforehand. In this method a morphological closing operation is performed on the red channel. 

The dilation operation first removes the blood vessels and then the erosion operation 

approximately restores the boundaries to their former position. 

 

Closing :     (1) 

 

where A is the red channel of the input image and B is a 10x10 symmetrical disc structuring 

element, to remove the blood vessels[17,18]. C is the resultant vessel free, smoothed output 

image. 
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4.1.2. Preprocessing steps for Optic Cup Extraction 

 

4.1.2.1. Selection of Green Channel 
 

The green channel has low contrast variation which gives more differentiation between the blood 

vessel and OC. The green channel, therefore, is selected for the extraction of the OC of the retinal 

image. 

 

4.1.2.2. Removal of Blood Vessels 

 

Blood vessels in the green channel were removed using a morphological closing procedure, 

 

                               (2) 

 

where I is the green channel of the input image and B is an 8x8 symmetrical disc structuring 

element, to remove the blood vessels[17,18]. I2 is the smoothed, vessel free output image. Figure 

3 shows the preprocessing operations on the input image. 

 

 
 

Figure 3.The preprocessing steps (a) Input Image (b) Red channel (c ) Blood vessel free image (d) Green 

channel (e) Blood vessel free image 

 

4.2. Feature Extraction 

 
Medical image segmentation is a difficult task due to the complexity of segmentation. Because of 

its simplicity and efficiency, threshold segmentation is wildly used in many fields. Assessment of 

OD and OC is important in discriminating between normal and pathological retinal images. The 

OD is a bright pattern of the fundus image. Recently, many studies on the use of fundus images 

in extracting OD and OC have been reported. FCM clustering with thresholding is used in this 

work for the extraction of OD and OC. 
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4.3. Fuzzy C Means Clustering with Thresholding 

 
The new method is a combination of fuzzy algorithm, C Means clustering and thresholding. 

Clustering involves the task of dividing data points into homogeneous classes or clusters so that 

items in the same class are as similar as possible and items in different classes are as dissimilar as 

possible. Clustering can also be thought of as a form of data compression, where a large number 

of samples are converted into a small number of representative prototypes or clusters. Different 

types of similarity measures may be used to identify classes depending on the data and the 

application, where the similarity measure controls the formation of the clusters. In the following 

new method intensity value is used as the similarity measure. Thresholding is one of the most 

powerful techniques for image segmentation, in which the pixels are partitioned depending on 

their intensity value. 

 
4.3.1. Fuzzy C-Means Clustering Algorithm 

 
FCM clustering is a clustering technique and it employs fuzzy partitioning such that a data point 

can belong to all groups with different membership grades between 0 and 1. It is an iterative 

algorithm. The aim of FCM is to find cluster centers (centroids) that minimize a dissimilarity 

function. Corresponding to each cluster center, this algorithm works by assigning membership to 

each data point on the basis of the difference between the cluster center and the data point. The 

more the data is near to the cluster center, the more is its membership towards the particular 

cluster center. It is obvious that the summation of membership of each data point should be equal 

to one. 

 

                                                             (3) 

                                                     (4) 

 

where Xkj is data element, dik is the distance matrix and Vij is the element of the cluster center 

vector. 

 

The dissimilarity function which is used in FCM is given Equation (5) 

 

                                   (5) 

 

uij is between 0 and 1; 

ci is the centroid of cluster i; 

dij is the Euclidian distance between i
th
 centroid (ci) and j

th
 data point; 

m є [1,∞] is a weighting exponent. 

To reach a minimum of dissimilarity function there are two conditions. These are given in 

Equation (6) and Equation (7) 
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                                                                   (6) 

                                                          (7) 

 

This algorithm determines the following steps [4]. 

 

Step1. Randomly initialize the membership matrix (U) that has constraints in Equation 7. 

 

Step2. Calculate centroids (Ci) by using Equation (6). 

 

Step3. Compute dissimilarity between centroids and data points using equation (5). Stop if its 

improvement over previous iteration is below a threshold. 

 

Step4. Compute a new U using Equation (7). Go to Step 2 [19][20]. 

 

By iteratively updating the cluster centers and the membership grades for each data point, FCM 

iteratively moves the cluster centers to the apt location within a data set. To accommodate the 

introduction of fuzzy partitioning, the membership matrix (U) is randomly initialized according 

to Equation (7). 

 

The Fuzzy Logic Toolbox command line function fcm is used for generating clusters, and in this 

paper three clusters are generated from the vessel free enhanced image. The fcm function 

iteratively moves the cluster centers to the right location within the data set. The outputs are 3 

cluster centers C1, C2 and C3 and membership function matrix M with membership-grades, 

which is the intensity value of each pixel. 

 

4.4. Thresholding 

 

Thresholding is the operation of converting a multilevel image into a binary image i.e., it assigns 

the value of 0 (background) or 1 (objects or foreground) to each pixel of an image based on a 

comparison with some threshold value T (intensity or colour value) [17][18]. By applying the 

threshold T on an image, the image is converted to a binary image. The following formula (8) 

[13] is used for the binary image extraction. 

 

                                           (8) 

where I is the input image, T is the threshold and IT is the binary image after thresholding. 
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4.5. Extraction of Optic Disc 
 

The main feature of the OD is that it is having the highest intensity. Therefore the highest 

intensity is used as the threshold for the OD extraction. The threshold T is computed using the 

following method. From the generated clusters, first the cluster with maximum membership 

grade is found, and the corresponding grades are assigned with the same identification label. 

From the smoothed image, pixels with this gray level value are accessed, the average of the 

maximum and minimum intensity values are computed to obtain the threshold value T1. 

  

                  (9) 

 

In the above equation, data represents the data points of the smoothed red channel image and 

label represents the cluster value with the highest membership grade. By applying the threshold 

T1 on the smoothed image IS the image is converted to a binary image. The formula (9) is used 

for the binary image extraction. 

 
 

Figure 4. The extracted binary image 

 

Since the OD is of circular shape, the OD region selection process needs to be made specific to 

the circular region. So the largest connected component Ri whose shape is approximately circular 

is selected using the compactness measure 

 

                                                                  (10) 

 

where, P(Ri) is the perimeter of the region Ri and A(Ri) is the area of the region Ri. The binary 

image with the compactness smaller than the pre-specified value, (5 in the present study) is 

considered as the optic disc approximation. Thus using the condition C < 5, extraction of round 

objects is done, eliminating those objects that do not meet the criteria. In some cases the extracted 

image contains small unwanted objects. The erosion operation is used to remove these objects 

[21]. 

 

 
 

Figure 5 Extracted Optic Disc 
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The mean of the rows and columns form the centroid (Y1, X1) of the OD. 

 

                                                           (11) 

                                                            (12) 

 

where m is the number of rows and n is the number of columns. 

 

From the above coordinates of the optic disc the minimum coordinates (ymin1, xmin1) is 

calculated. The distance between the centroid and (ymin1, xmin1) represents the radius of the 

disc. 

 

                                                         (13) 

 

where ROD is the radius of the optic disc. 

 

4.7. Extraction of Optic Cup 
 

The above mentioned FCM clustering with thresholding is applied on the smoothed green 

channel for the extraction of OC. 

 

The following algorithm includes four steps [4]. 

 

Step1. Randomly initialize the membership matrix (U) that has constraints in Equation (6). 

 

Step2. Calculate centroids (Ci) by using Equation (7). 

 

Step3. Compute dissimilarity between centroids and data points using equation (5). Stop if its 

improvement over previous iteration is below a threshold. 

 

Step4. Compute a new U using Equation (6). Go to Step 2[19][20]. 

 

The threshold values T2 is calculated using the following equation. 

 

         (14) 

where data represents the data points of the vessel free green channel and label represents the 

cluster value with the highest membership grade. 

 

Since the OC is the brightest portion in the green channel, thresholding with threshold T2 in 

im2bw function helps to extract OC. This function returns the binary image forming the object 

OC. 

 

The average of the rows and columns forms the centroid (Y2, X2) of the OC. 

 

                                                     (15) 
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                                                       (16) 

 

where m2 is the number of rows and n2 is the number of columns. 

 

From the above coordinates of the optic cup the minimum coordinates (ymin2, xmin2) is 

calculated. The Euclidian distance between the centroid and (ymin1, xmin1) returns the radius of 

the cup. 

 

        ROC = Y2 − ymin2,                                               (17) 

where ROC is the radius of the cup. 

 

 
 

Figure 6. Extracted Optic cup 

 

The method can be used to extract the OD and OC from right eye and left eye images. Figure 7 

and Figure 8 show the results of extractions. 

 

 
 

Figure 7 (i) Input image of a right eye (ii) Extracted optic disc (iii) Extracted optic cup 

 

 

 
 

Figure 8 (i) Input image of a left eye (ii) Extracted optic disc (iii) Extracted optic cup 
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4.8. Computation of CDR 
 

The manual method uses the ratio of the vertical diameter of OC and OD for the computation of 

CDR. From the segmented OD the minimum row coordinate ymin1and maximum row coordinate 

ymax1 are calculated. The Euclidian distance between these coordinates is the vertical diameter of 

the OD, ODvdiam . 

 

                                (18) 

 

Similarly from the segmented OC the minimum row coordinate ymin2 and maximum row 

coordinate ymax2 are calculated. The Euclidian distance between these coordinates is the vertical 

diameter of the OC, OCvdiam. 

 

                                 (19) 

 

The CDR is calculated using the following formula 

 

                                    (20) 

 

The following figure shows the OD vertical diameter ODvdiam and OC vertical diameter 

OCvdiam of the input image. 

 

 
 

Figure 9 Optic Disc vertical diameter ODvdiam and Optic Cup vertical diameter OCvdiam 

 

4.9 Glaucoma Detection 
 

If the CDR is 0.4 or less refers to a relatively healthy looking optic nerve. If the CDR is greater 

than .4 is suspicious of glaucoma. While there is no one CDR that separates normal from 

glaucoma, the CDR greater than 0.6 or 0.7 is glaucomatous and often requires further testing to 

rule out glaucoma. CDR > .7 is considered as advanced stage glaucoma. As glaucoma progresses, 

the CDR enlarges (as more optic nerve fiber dies off), and the patient may start to develop 

peripheral vision loss. 
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Figure 10 (a) Normal (b) Early Stage Glaucoma (c) Advanced Stage Glaucoma 

 

5. RESULTS AND DISCUSSION 
 

The automatic computation of CDR is required for automatic detection of glaucoma using retinal 

fundus images. This study thus brings to light simple but efficient methods for the extraction of 

OD and OC in retinal images. The CDR values are also automatically calculated. The new 

method is evaluated on the basis of the ground truth data, where, vertical CDR values are 

obtained from an expert ophthalmologist. The method was applied on 365 retinal color fundus 

images. The performance evaluation is done by making use of the comparison of obtained CDR 

with the clinical CDR. 

 

5.1. Image Data Sets 
 

5.1.1. DRION Database 

 

It has 110 retinal images with each image having the resolution of 600 x 400 pixels and the optic 

disc annotated by two experts with 36 landmarks. The mean age of the patients was 53.0 years 

(standard Deviation 13.05), with 46.2% male and 53.8% female and all of them were Caucasian 

ethnicity 23.1% patients had chronic simple glaucoma and 76.9% eye hypertension. The images 

were acquired with a colour analogical fundus camera, approximately centered on the ONH and 

they were stored in slide format. In order to have the images in digital format, they were digitized 

using a HP-PhotoSmart-S20 high-resolution scanner, RGB format, resolution 600x400 and 8 

bits/pixel. 

 

5.1.2. The DIARETDB0 Database 
 

The DIARETDB0 Database images were captured using an FOV of 50° and the size of each 

image is 1500 x 1152 x 3. Out of the 130 images of the DIARETDB0 database, 20 have normal 

architecture and 110 have various types of pathology. 

 

5.1.3. Images from the ophthalmologist 

 

125 images from Giridhar Eye Institute, Kochi was also used in this paper. All the images were 

obtained using Carlzeiss fundus camera. In total 5 are normal images and remaining 120 are 

diseased and the size of each image is 576 x 768 x 3. 

 

5.2. Implementation 
 

The new algorithm was applied on 365 images obtained from the above mentioned databases and 

ophthalmologists. 
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5.3. Performance Evaluation 

 

The performance evaluation is done using the following parameters. 

 

5.3.1. Accuracy 

 

The accuracy of the technique was evaluated quantitatively by comparing the obtained vertical 

CDR values with ophthalmologists’ ground-truth vertical CDR values. Fifteen examples of 

detailed results of performance measurement using FCM clustering combined with thresholding 

are displayed in Table I using fifteen test images of DRION database and fifteen test images from 

the ophthalmologist. 

 

Table I CDR Comparison Table shows the comparison of clinical CDR values with CDR values 

obtained using the new method. 

 

 
 

5.3.2. Detection of Glaucoma 

 

Based on the CDR values the images are classified into three categories such as normal, early 

stage glaucoma and advanced stage glaucoma. The method is applied on 110 images from 

DRION database, 130 images from Diaretdb0 and 125 images from an ophthalmologist. Figure 

11 shows the detection of different stages of glaucoma based on CDR. 
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Figure11. (a) Input Image (b) Segmented image I- Normal II - Early Stage 

 Glacoma III- Advanced Stage Glaucoma 

 

6. CONCLUSION 
 

This paper presents a new fuzzy based approach for glaucoma detection. The results presented in 

this paper show that the new methodology offers a reliable and robust solution for glaucoma 

detection. This automated method is very useful for the automatic screening of retinal images. 

However the present method has the following limitations. It is assumed that the OD and OC are 

brighter than the surrounding pixels and therefore cannot handle retinal images with a relatively 

dark OD. Hence advanced extraction methods are required for future studies and research. 
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