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ABSTRACT 
Glaucoma is a chronic eye disease and is also called as silent theft of sight that leads to a vision loss. However many patients are 

unaware of this disease because it progresses slowly. Currently, there is no low cost glaucoma screening method. In this paper, we 

proposed a method that processes the 2-D retinal fundus image and identifies the cup to disc ratio. In this proposed method the 

optic disc was first localized based on template matching approach and the disc was segmented using superpixel classification. 

Then the disc was reconstructed based on a novel spare dissimilarity constrain coding. Finally the reconstructed Coefficient from 

the SDC approach is used to identify the CDR value for the new image. The proposed method achieves less CDR error when 

compare to other glaucoma analysis technique. 
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INTRODUCTION 
 

Glaucoma is chronic eye disease that leads to blindness and it is predicted to affect 80 million people by 
2020[1]. As the disease progressed without any visual symptoms. It was identified on in the advanced stage [2]-
[4]. Intraocular pressure (IOP) is a pressure on eye. When this IOP increases it causes severe damage to the 
optic nerves [5]-[7]. This damage leads to low vision and eventually blindness. At the early stage of this disease 
60-90% people are unaware until it reached its advanced stage of risk. Manual analysis of glaucoma disease was 
time consuming and was only done by trained professionals. Currently automatic glaucoma detection techniques 
are used to detect the risk of glaucoma disease at low costs using 2-D fundus image. The 2-D fundus image was 
acquired at very low cost because fundus camera was available in all eye hospitals and even at optical shops. 
The automatic glaucoma detection technique processes this 2-D fundus image and identifies the Cup-to-Disc 
ratio. The image processing techniques such as image acquisition, future extraction, image enhancement, region 
segmentation and image classification are used to screen the glaucoma. Now-a-days the automatic screening 
techniques were most efficient and time consuming but the challenge is to correctly identify the optic disc and 
optic cup in the given 2-D fundus image. 

The intraocular pressure was measured based on the air-puff intraocular pressure (IOP) measurement, visual 
field test, and optic nerve head (ONH) assessment. The air-puff intraocular pressure method and ONH are not 
suitable for large population based screening because it provides low accuracy. The next method visual field 
was time consuming and it can be only done by experts.  

This paper proposed a method that provides effective low cost glaucoma screening method that can be used 
for large population based screening method. This method uses the 2-D fundus images for glaucoma screening. 
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In 2-D fundus image the optic disc region was divided into two regions the centre bright region called optic cup 
and the outer peripheral region called the neuroretinal rim. 

 

 
 

Fig. 1: Structure of an optic disc: optic disc boundary (blue), optic cup (white), neuroretinal rim (cyan) 
 
2. Methodology: 

In this paper the CDR ratio was assessed by localizing optic disc, segmenting the disc and then 
reconstructed using the SDC approach. The flow chart of the proposed method is as follows 

 
Fig. 2: Overall System Architecture 
 
2.1 Disc Localization: 

In this proposed method the optic disc was localized by using histogram matching [8]. In this method the 
number of images is used to create a template. The three color histogram of three color components are used as 
a template. Initially the average filter with 6 x 6 pixels is applied to the images then the window with the typical 
size of optic disc are used to extract the optic disc of each images. Next the color components are separated to 
obtain histogram of each color components. Then the mean histogram of each color components is used as a 
template. 
 
2.1.1 Template matching: 

In this method we calculate the correlation between the histogram of the moving window and the 
corresponding histogram in the template. Based on the result of the correlation the histogram matching was 
computed. To localize the center of the optic disc threshold was applied to the correlation function.  
 
2.2 Disc Segmentation: 

In the proposed method the optic disc was segmented based on superpixel classification [9]. In superpixel 
classification method the localized optic disc was segmented into superpixels using simple linear iterative 
clustering algorithm (SLIC) [10]. The process begins by initializing the number of cluster value with regular 
grid space. Next each pixel is assigned with the nearest cluster center using distance measure. Once each pixel 
are assigned to nearest cluster center adjust the center to its mean of all pixel belongs to that cluster. The cluster 
and update process can be repeated until error converges. 

Once superpixels are generated the superpixels are classified based on features such as contrast enhanced 
histogram [3]. In contrast enhanced histogram the features such as color, appearance, gist, location and texture 
are extracted from superpixel for classification.  
 
2.2.1 Disc Normalization: 

The disc normalization was done to eliminate the blood vessels because blood vessels lead to 
misclassification of disc region. The morphological closing [11] is done to remove the blood vessels using 
structure element of size 5. 
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2.3 Sparse Dissimilarity Constrain Approach: 
The SDC approach denotes the set of n reference images and its corresponding CDR ratio. Based on 

reconstruction method [6] the linear reconstruction coefficient was computed for the new test image while 
minimizing the reconstruction error. The reference image that closed to test image are best suited to estimate 
CDR for the new image. 
 
2.3.1 Dissimilarity: 

The dissimilarity score between the two disc image was computes previously by Gaussian distance [12] but 
Gaussian distance is not the best choice to find dissimilarity. In this proposed method surface fitting is used to 
compute the dissimilarity between the disc images. This method uses the second order 2-D polynomial surface 
to find the intensity changes. . It is defined by 

� ����=  [a, b, c, e, g]T �  R5 

S(j,k)=  aj2 + bj + ck2 + ek + g =( � ����)T . �� 
Where �� =[ j2,j,k2,k,1]T and T denotes the transpose. The above expression can be in matrix form as 
�� = Q�� 
 
where  ��  contains the coefficients S(j, k) and the matrix Q contains the coefficients of �� . The coefficient v 

is determined by minimizing the quadratic error between  �� and �� . The overall intensity change of the disc is 
only related to the a and c components axi , cxi , ay , cy , the difference di between the two surfaces can be 
computed by a function  f(axi , cxi , ay , cy ). Here, the subscript denotes the disc used to compute the surface 
parameters. 

di= f(axi , cxi , ay , cy )=
(a� − a�)� + (c� − c�)� 

 

 
 
Fig. 3: Surface fitting on a disc image 
 
2.3.2 SDC Formulation: 

The proposed SDC function combines the dissimilarity term and sparsity term as shown below ������
�    ||y – Xw||2 + λ1 . ||d ʘ w||2 + λ2 . || w ||1 

Where λ1 and λ2 are the weights of the two regularization items. Then merge the second term with the first 
term as shown below 

=    ������
�  ( ||y – Xw||2 + ��  . ||d ʘ w||2 + ��  . || w ||1 ) 

=   ������
�   ( ||y – Xw||2 + ��  . || D w||2 + ��  . || w ||1 ) 

 

=   ������
�    (    ⃦��

0! − " �
#��$%w  ⃦� + �� .   ⃦�   ⃦�  ) 

 

= ������
�   (  ⃦�& −  ' ( �  ⃦� + ��  .     ⃦�   ⃦�) 

 
where D = diag(d) denotes a diagonal matrix with main diagonal element D(i, i) =di , i = 1, . . . , n, 0 is a 

vector of 0s with length n,  

�& = ��
0!  ��*   ' ( = " �

#��$% 
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2.3.3 CDR Calculation: 
Once the value of w is computed, then the ratio �̂  is calculated as follows 

� , =  1
1.  / � �/ � 

 
Where r is the CDR of reference disc and 1w is a vector of 1s with equal length to the size of w. 

 
3. Experimental Results: 

We have collected 100 images from the nearby eye hospital and used 30 images as a reference and 70 
images as a test image. The input for this proposed method is 2-D fundus image that is shown below 

 

 
Fig. 4: Input Image 

 
The localization of optic disc was processed in the input image that correctly identifies the disc region 

based on histogram matching approach. Then the disc region was segmented based on superpixel based 
classification. The localized and segmented region of disc are shown below 

 

 
                                                        (a)                                                           (b) 
 
Fig. 5: (a) Localized disc and (b) Segmented disc 

 
After disc are segmented the sparse dissimilarity constrain coding is applied to identify the reconstruction 

coefficient then based on reconstruction coefficient the CDR value for the new image as calculated. 
 
Conclusion: 

The proposed method can be potentially used to replace manual CDR assessment to save time and reduce 
cost. This SDC method achieves accurate CDR computation and glaucoma detection. The proposed method is 
time-consuming and replaces expensive manual glaucoma evaluation. This proposed method is best suitable for 
large-population based glaucoma detection.  
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