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ABSTRACT 

Objective: Glaucoma is an irreversible and chronic disease damaging the vision if untreated. Gradual 

narrowing of the retinal vessels is a sign of prolonged occurrence of glaucoma. Also the enlarged size of 

optic disc also confirms  glaucoma disease. This work aims to segment retinal vessels and Optic disc which 

is helps to detect a very severe disease called Glaucoma . 

 Methods: This paper presents an automatic, simple yet efficient method of optic disc segmentation to help 

glaucoma detection. Initial preprocessing is done by tristate median filtering which removes noise and light 

and motion artifacts. Image enhancement is performed on the filtered Image by CLAHE followed by the 

methods of Morphological operations for Vessel extraction. Optic disc is segmented by Region growing 

Method, where seed point is optimized based on optic disc properties.  

Results: Various standard performance measures are evaluated for vessel extraction namely accuracy, 

specificity and sensitivity values giving values 96.97%, 98.52% and 66.77% respectively, comparatively 

showing higher values than other state of art methods. The performance of various filters and the 

enhancement techniques were evaluated by estimating PSNR and MSE values. Tristate Median filter 

showed best performance along with CLAHE giving normalized illumination.  

Conclusion: Extraction of retinal vessels and optic disc by effective and accurate methods helps to study 

glaucoma progression and helps for effective treatment leading to prevention of blindness. Power Law 

transformation is effective in medical images along with Morphological operation and Improved region 

growing technique which results in good results of vessel extraction and optic disc segmentation.  
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INTRODUCTION  

Glaucoma causes damage to the optic nerve with 

gradual degradation of retinal vessels in most cases 

and is a major  reason for blindness .The number 

people affected by glaucoma worldwide is estimated 

to 111.8 million by the year 2040 [1]   

 

Early therapy for glaucoma will prevent chances of 

blindness and decreased vision, which is irreversible 

once, occurred. To prevent the risk of blindness, 

glaucoma patients are advised for eye screening 

every year.Enlarged optic disc, optic cup and 

narrowing retinal vessels are all signs for its onset. 

Hence segmentation of optic disc is an important 

task for glaucoma treatment. Symptoms of 

glaucoma include enlarged optic disc, variation in 

the physical parameters of retinal blood vessels, 

increased intra ocular pressure, change in iris colour, 

and frequent pain around eyes and dark spot around 

centre of viewing. Onset of glaucoma has caused 

narrowing of retinal vessels with time especially in 

JOSLINE ELSA JOSEPH, BINCY BABU, A JOSEPHIN AROCKIA DHIVYA, T R 

THAMIZHVANI, R J HEMALATHA 

Department of Biomedical Engineering, School of Engineering, VISTAS, Chennai, India 

Email: josline.se@velsuniv.ac.in  
 

International Journal of Pure and Applied Mathematics
Volume 119 No. 15 2018, 3701-3709
ISSN: 1314-3395 (on-line version)
url: http://www.acadpubl.eu/hub/
Special Issue http://www.acadpubl.eu/hub/

3701



the cases of increased intra optic pressure causing 

glaucoma. Glaucoma leads to gradual declining 

diameter of retinal vessels. Optic disc varies in size 

and shape in glaucomatous eyes. Hence this work 

considers optic disc segmentation. 

 

In [2], a combined technique of template matching 

and object tracking for large scale called pyramidal 

decomposition has been used which detects the optic 

disc center and segments the disc .In [3],segmented 

optic  and non-optic disc images  has been classified 

by cascade classifier. Haar features were used to get 

the optic disc. In [4], principal component analysis 

and mathematical morphology are combined to 

perform optic disc segmentation. Several operations 

like watershed transformation, GDF and geodesic 

transformations are used. In [5] super pixel 

classification method is employed to identify a super 

pixel as belonging to optic disc or not. In [6], 

background information is subtracted with respect to 

region of interest followed by contour detection. In 

[6], texture analysis along with circular template 

matching is performed followed by the application 

of .Naive Bayes classifier to distinguish optic disc 

pixels from background ones. In [7], Morphological 

operations are used to exploit the retinal vasculature 

details and develop an adaptive model to segment 

optic disc. Its boundaries are identified by 

Watershed algorithm. In [8], the authors use 

regression method and texture details helps to 

identify the circle which encircles the optic disc. The 

information about difference in the intensities of 

various objects in the image is applied in this work. 

In [9], Histogram matching is used to locate Optic 

disc and its center. A template is formed from the 

histogram of the three channels of the image. The 

means as well as the histograms are analyzed along 

with application of thresholding technique to 

localize optic disc. In [10], novel preprocessing 

procedures including detection of color variation 

and optic disc map is developed followed by   

circular transformation to detect the disc boundary.  

 

METHODOLOGY 

This work presents Retinal vessel extraction and 

automatic segmentation of optic disc. The 

performance measures of different filters and 

contrast enhancement techniques are also estimated. 

Initial preprocessing includes eliminating noise and 

other image artifacts by tristate median filter .Then 

illumination is balanced and image enhanced by 

CLAHE method .The next step is retinal vessel 

extraction by morphological closing and vessel 

subtraction, contrast adjustment for defined structure 

of vessels  and  segmentation by  Otsu thresholding. 

Finally, a varied Region Growing technique is 

applied to the image to segment the optic disc. The 

proposed work involves pre-processing the input 

image, extraction of retinal vessels and segmentation 

of optic disc based explained in the block diagram 

given in fig 1.  

 

 

 
 

Fig 1: block diagram of the proposed work 
 

Image Pre-processing 

 

The Stereo fundus images are processed to make the 

image enhanced for segmentation work eliminating 

several artefacts like motion artefacts, picture effects 

and various kinds of noise that occurs during 

capturing procedure. The initial step of pre-

processing includes green channel extraction, 

filtering and enhancement. These images are applied 
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with below mentioned filters and their performance 

evaluated.  

 

1. Median filter 

It performs non-linear smoothing operation 

where any spike noise or white noise is removed. It 

works well with salt and pepper noise. It is chosen 

for image processing works that needs to conserve 

the sharpness of the edge characteristics. A specific 

size window is fixed and each element is replaced 

with the median value of all the elements in the 

window, w   after the sorting of elements done in 

ascending order. 

MI = median [IG(a+i , b+j) ], (I,j) ∈ 𝑤               (1) 

 

In eq (1), MI newly replaced median pixel and IG 

is the gray level image on which filter is applied and 

a, b represents the coordinates of the old pixel to be 

replaced. 

 

2. Adaptive Median filtering 

This filter[11]  analyses a particular pixel in the 

image to be categorized as impulse noise or not by 

spatial filtering. The window size of this filter is 

adaptive in nature and dependent on the noise of the 

image. The filter defines the maximum and 

minimum pixel values 

( Amin and Amax  respectively) in the window size 

chosen and estimates the median of the window 

Amed  with the condition stated in equation X .If the 

condition is not satisfied , the size of the window 

alters with Wm defined as the highest limit of 

window size.  
Amin < Amed <Amax                                 

 (2) 

 

3. Weiner Filter 

It is also called as optimal filter which works on 

noisy pixels by developing an assessment on random 

process to be achieved and the desired random 

process worked out by Linear time – invariant 

filtering.  

 

Z(x, y) = X (x, y) . Y(x, y)   

 (3) 

 

 In equation (3), Weiner filter is denoted by X (x, y) 

, 

Discrete Fourier transform applied to the noise 

image represented by Y(x, y)   and   

Z(x, y) is the original image spectrum assessed by 

calculating the product of X (x, y) and Y(x, y). 

 

4. Order static filters 

They are spatial filters which includes median, 

minimum and maximum filter and works by sorting 

data in the ascending order and ranking the pixels 

based on a given order giving the order statistics. 

We have applied the maximum filter M(x, y) 

denoted by the below given equation (4) and it 

replaces the pixel value with the brightest pixel 

value in the neighbourhood N defined. 

 

M(x, y) = max Q (a, b) ∈ N   (4) 

 

Where Q (a, b) denotes pixels is the fixed region. 

 

5. Weighted Median  filter 

It is a generalised version of standard median 

filter in which weight is given to each pixel in the 

window. It is a linear filter where the Weighted 

Median WM is defined as the duplication of each 

pixel a1 to that of its weight w1 [12] 

 

6. Tristate median filter 

It is a nonlinear filter that combines the 

properties of median filter and center weighted 

filter. It works by analyzing each   pixel and choose 

the noisy pixels for further filter process. The filter 

governs a pixel as uncorrupted if it is smaller than 

the threshold given or else marked as noisy pixel. 

[13] The noisy pixel is replaced with either the 

center weighted median or standard median filter 

values, choosing results greater than the threshold.  

 

7. Gaussian Filter 

2D Gaussian filter is applied to smooth images 

and blur so as to remove unwanted details in the 

image. It functions by convolution where kernel is 

applied to all parts of the image. The pixels 

surrounding the middle portion of the image 

considered more prominent than other pixels. 
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8. Mean  filter 

It runs through all the pixels of a particular window 

and calculates the average intensity of a replaced 

pixel. It improves the contrast and variance of the 

image. The geometric shape of the kernel is defined 

in the filter based on the filter application. 

 

9. Entropy filter 

It increases the intensities of pixels that are not 

similar to each other and thereby highlights the edge 

features. 

 

Contrast Enhancement provides even brightness 

distribution to the image. CLAHE is chosen which 

enhances the image by dividing the image into 

several tiles and prevents over amplification by 

providing specific clipping limit to the histogram of 

the image. 

 

Vessel Extraction and Optic Disc Segmentation 

 

Morphological operation extracts elements in the 

image for some useful analysis by Probing sets of 

the sub images.Morphological closing starts with 

dilation and then erosion is continued.The closing 

operation uses structuring element disk that 

examines the image. 

 

P • Q = (P ⊕ Q) Θ Q                        (5) 

 

The closing of P by Q is the dilation of P by Q, 

followed by the erosion of the result by Q. Erosion  

carries out shrinking of  the obects,where as dilation 

helps to grow or thicken the image.The rate and 

behaviour of growth or depletion is controlled by the 

structuring element.The manner and extend of this 

growth is controlled by structuring element.The 

closing image is subtracted from the original 

grayscale  image to obtain the vessel subtracted 

image.The next step is segmentation of the vessels 

that have been subtracted.It is done by otsu 

threshoding. Thresholding technique makes use of a 

starting point that decides the pixels to be given 

zero or one value. The entire image is separated to 

within class and between class and segments the 

retinal vessels based on the minimum weight of 

variance of within class group.Inpainting technique 

employed after thresholding to rebuild the eroded 

portions of the image during vessel removal. Optic 

disc is segmented by single seed point Region 

growing. Optic disc considered the brightest region 

in the image [14], the initial seed point Xi is 

evaluated based on this property. The initial seed 

point estimation is carried out depending on two 

particular conditions. First, the histogram of the 

image is studied for the maximum and minimum 

illumination and the pixel value is estimated. Next, 

the database images are divided to left sided and 

right sided optic disc images and the maximum 

intensity pixel position for each group  (XmL and 

XmR ) is found out to confirm the seed point value. 

The average of the maximum intensity pixel µm   is 

the initial seed point. This seed point is compared 

with the histogram based seed point and found to be 

similar. 

 

  µm =      (6) 

   

A suitable threshold TR is chosen from the histogram 

image in such a way that the pixel considered for 

clustering( Px) and the initial seed point Xi should 

have difference less than the threshold TR as in eq.2.  

 

Px - Xi   <  TR     (7) 

 

Region growing is employed by considering the 

retinal features, verified by histogram and intensity 

evaluation which makes this technique effective. 

  

RESULTS AND DISCUSSION 

Observation and Experimental Results 

  Initial pre-processing is a mandatory step 

and its efficiency governs the performance of further 

segmentation of region of interest. The green 

channel extracted fundus images are tested with nine 

filters and their performance checked by analysis of 

Peak signal to noise ratio .The Fig 2 & 3 represents 

the comparative study of PSNR and MSE values of 

the filters.  
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Fig : 2  Plot of PSNR values of filters   Fig:3 Plot of MSE values of filters 

 

The performance of Tristate median filter outruns all 

other filters basically due to selective scrutiny of 

pixels and their decisive algorithm that propounds a 

pixel as uncorrupted or corrupted. The entropy filter 

depicts least performance and captures the vessel 

structure. The second reliable filter among the other 

tested filters is the adaptive median filter. It exhibits 

an adaptive nature to the window size of the 

neighbourhood while the median of a particular 

pixel is calculated. 

 

The filtered image is enhanced by CLAHE which 

helps in clear visualisation of region of interest. 

Enhancement of an image aims to regularise the 

illumination for better analysis of the region of 

interest (ROI). Here we alter the pixels for 

enhancement by CLAHE method. Other techniques 

like Contrast stretching and Histogram equalisation 

have been evaluated by PSNR and MSE analysis. 

The bar chart shows the comparison of the 

enhancement techniques. CLAHE shows better 

results with fundus images. (fig 4.) 
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Fig 4: Performance evaluation of contrast 

Enhancement techniques 
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The below figure shows the output of initial pre-

processing steps. 

 

      (a)                        

      (b)                                         

  (c )       

   

 

 

 

 

 

(d)                        

  (e)              

Figure 5 (a) input images  (b) green channel 

extracted images    (c) grey scale images (d) 

tristate median filter images (e) CLAHE 

enhanced images  image   

 

The enhanced images are further processed by 

morphological operations like closing, subtraction of 

morphological image and original image creating 

vessel structure prominence and eventually 

extracting the retinal vessels by Otsu thresholding. 

Any kind of unwanted details have been removed in 

dilation, erosion and subtraction. Otsu threshoding 

chooses an automatic general threshold which runs 

throughout the image as given in Fig 6. 

 

Inpainting technique acquires the optic disc region 

deployed due to retinal vessel segmentation. Source 

region is the standard to compare the closing image 

with the target image. Target region is filled until 

all information propagated for segmentation of 

optic disc. 

Region growing with prior knowledge of optic disc 

pixels preserved edge as well as texture details. 

Maximum intensity value chosen for seed point 

selection made grouping of disc pixels simpler and 

robust. Fig 6.gives the result of Inpainted Image and 

optic disc segmented Image and Vessel Extracted 

Image by Otsu Thresholding, and aso vessel 

segmentation of Local Entropy Thresholding. 

Otsu thresholding based vessel removal is tested for 

performance evaluation giving accuracy, specificity 

and sensitivity values 96.97%, 98.52% and 66.77% 

respectively. Otsu based retinal vessel thresholding 

was compared with another state of art technique, 

Local Entropy thresholding. It considers spatial 

coordinates of the pixels for segmentation. and the 

threshold chosen is based on a local window.The 

results shows that global thresholding of retinal 

vessels give comparatively better segmentation 

results than local entropy thresholding  for retinal 

vessel extraction in fundus images.  

 

  (a)      

  (b)   

subtract2

 

subtract2

 

  (c)       
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 (d)           

(e)        

 

Figure 6 (a) closing image (b) Vessel 

subtracted image (c) contrast enhanced image (d) 

vessel segmented by Otsu Threshoding (e) Vessel 

segmented by Local entropy Thresholding 

    

(a)     
 

(b)      
  

Fig 7: (a) Inpainted image (b) optic disc 

segmented image 

 

Region growing is advantageous over traditional 

Thresholding techniques as the seed point is chosen 

based on the properties of the optic disc. 

Thresholding may fail when edge information is 

weak and image is too noisy and eroded. The figure 

below depicts stages of optic disc segmentation.  

CONCLUSION 

Glaucoma is a critical and severe complication that 

damages the optic nerves and cause blindness if left 

unattended. Enlargement of optic disc and cup is the 

main symptom of glaucoma which can only be 

detected by diagnosis of eye. Measurement 

variations in the retinal vessels also occur as a 

gradual and slow degradation sign of glaucoma. 

Hence automatic detection through Computer Aided 

Diagnosis (CAD) is essential for early detection of 

glaucoma .Therefore segmentation of retinal blood 

vessels is very essential for early diagnosis. This 

demands for the need for efficient and accurate 

segmentation algorithm. The retinal images are pre-

processed using the techniques of CLAHE 

enhancement, tristate median filtering followed by 

morphological closing, vessel subtraction and 

contrast adjustment. The segmentation of vessels is 

done by Otsu Thresholding. Therewith Inpainting 

and Region growing is applied for optic disc 

segmentation. Comparison of filters has been done 

using PSNR and MSE values. Contrast enhancement 

techniques are also compared with psnr values and 

histogram images. CLAHE best suits retinal images. 

The Otsu thresholding based retinal segmentation 

from vessel subtracted image have been compared 

which Local entropy Thresholding.It can be 

concluded through evaluation parameters like 

sensitivity, accuracy and specificity that Otsu gives 

best results. It is also observed that tristate median 

filter works better in the pre-processing of stereo 

fundus images than other tested filters like adaptive 

median filter and weighted median filter. 
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