
International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-3, Issue-9, Sept.-2015 

The Lesion Exudate Detection In Retinal Images 
 

51 

THE LESION EXUDATE DETECTION IN RETINAL IMAGES 
 

AMIT ASHOK KAMTHANE 
 

M.G.M College of Engineering, Nanded, Maharashtra, India 
E-mail: kamthaneamit@gmail.com 

                                                                                                   
 
Abstract - Diabetic Retinopathy is a critical eye disease which can be regarded as sign of diabetes on retina.  It occurs when 
blood vessels of the retina changes. Exudates are the primary signs of diabetic retinopathy. This paper examines the removal 
of optic disc and detection of exudates using basic morphological operators. These automated detected exudates are 
authorized by comparing the ground truths given by ophthalmologist and the results are successful.   
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I.   INTRODUCTION  
 
One of the most common eye diseases is diabetic 
retinopathy.  Diabetic retinopathy is major leading 
cause of blindness among adults. It is caused by 
changes in the blood vessels of the retina. Sometimes 
these vessels swell and leak fluid or even close off 
completely. In other cases, abnormal new blood 
vessels grow on the surface of the retina. A healthy 
retina is necessary for good vision but people 
suffering from diabetic retinopathy at their initial 
stage may not notice the changes to their vision. But 
as the time goes on the infectious eye of diabetic 
retinopathy can get worse and that may eventually 
lead to the blindness.  This paper illustrates the 
process for detection of exudates.   
 
II. METHODS  
  
A.  Literature Review  
A number of techniques have been proposed for the 
detection of Exudates in retinopathy color images. 
The N.P. Ward [6] suggested shade correction, 
contrast enhancement, and sharpening technique and 
manually selected the threshold value to detect 
exudates. In addition to  the various techniques of 
Ward[6] fully automated method was proposed by 
P.Sharp[7] to detect exudates using combination of 
local and global threshold. Gardner et al. [9] put forth 
the detection of exudates using artificial neural 
network. The exudates were recognized   from gray 
level images but the technique did not work for low 
contrast images. The applied recursive region 
growing segmentation (RRGS) technique is widely 
used for detection of various lesions in retinal image. 
Usher et.al. [8] used RRGS to extract candidate red 
lesions using thresholding and edge enhancement 
operator. Thresholding  and region growing algorithm 
were  used by Zheng et.al [10] to detect exudates.        
The various methods have been performed for 
exudates detection. This paper illustrates the 
detection of exudates using various morphological 
operators and structuring element of varying sizes. 
The technique detected exudates within less amount 
of time i.e. computational time is very less. Thus 
Steps for detection of Exudates are as follows.  

B.  Preprocessing  
The need of pre-processing is to improve the visual 
appearance of retinal images in case of non uniform 
illumination and to improve the performance of 
lesions in retinal images. The pre-processing consist 
of three parts i.e. i) Converting RGB image to HSI 
image, ii) Apply median filter on I plane of the 
image, iii) Adaptive Histogram equalization after 
applying median filter on I plane of image. First RGB 
image is converted into HSI since its design reflects 
the way human see color. Following four equations 1, 
2, 3 and 4 are used for conversion of RGB to HIS 
image.  

 
 
The algorithm for converting RGB to HSI Image is 
shown in  Fig 1. 
 

 
Fig 1: ALGORITHM TO CONVERT RGB IMAGE TO HSI 

IMAGE. 
 
After applying first step of preprocessing,  intensity  
plane of HSI image  is  extracted.  After extraction  
the image may contain the noise. Thus median filter 
is one of the  techniques used  to remove noise from 
images  and it  preserves edges while removing noise. 
The equation of median filter  is given by,   
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Where, f(x, y) is image after performing median filter 
on intensity plane image and w(s, t) is the size of 
window. The size of window may vary but it works 
well for 3*3 window size. The fig 2, describes the 
algorithm for removing noise by using median filter.  
  

 
Fig 2: .ALGORITHM FOR REMOVING NOISE USING 

MEDIAN FILTER. 
 
In order to have uniform illumination, the contrast 
limited adaptive histogram equalization (CLAHE) is 
applied on the output of previous step. The CLAHE 
improves the contrast of retinal image [5]. The fig 3 
shows (a) Original retinal RGB image,(b) Intensity 
plane Image, and (c) Adaptive histogram equalized 
image.  
 
C.  Optic Disc Detection and Elimination.     
Optic disc (OD) detection is a main step while 
developing automated screening systems for diabetic 
retinopathy. The method for detecting optic disc 
should be reliable, accurate, and efficient [3]. In 
fundus images, the OD appears as a bright yellowish 
in color.  Optic disc has to be eliminated because it 
appears with similar intensity, color and contrast   to 
other features of the retinal image [2]. The flow chart 
for optic disc detection and its elimination process is 
described in the following fig 4. The details of fig 4 
are discussed as follows. The grayscale operator Ø  is 
applied  on the intensity channel image.  

 
Where,  Ø  is closing operator, S1 is the disk shaped 
morphological structuring element(SE)  having radius 
of size 10, Ic  is intensity plane image and Img1 is the 
output image. However closing operator is used to 
enlarge the boundaries of foreground  (bright) region, 
while it preserves  background regions that have 
similar shapes to the structuring element. Thus, after 
applying closing operator on intensity plane image, it 
helps to eliminate the vessels which were existing in 
the optic disc region.   
 

 
Fig 3: Preprocessing results. 

  
Fig 4:  Optic Disc Detection and Elimination 

  
The thresholding was performed on resultant Img1. 
The value for threshold varies from image to image. 
But  the threshold value 0.44 shows the best results 
for overall images. The thresholding on resultant 
Img1 is given by, 

Where, T is threshold function, 0.44 is the threshold 
value and Img2 is output image. All the  pixels of 
resultant image, i.e. Img2 are inverted before they are 
superimposed on the original image. The inversion 
operation on the previous resultant image is given by,  

After performing inversion operation, the output 
image i.e. Img3 is used as a mask. It is superimposed 
on original image in order to remove candidate bright 
regions. Therefore, morphological reconstruction is 
carried out by performing morphological dilation 
operation on the previous superimposed image and it 
is given by the following equation.     

The reconstructed image is given in fig.5 The 
difference between original image and reconstructed 
image is thresholded at gray level ‘b’ using the 
following equation [2].  

Where, Ic is the intensity plane image and Im4 is the 
previous output image and T is Otsu’s threshold 
function. The threshold value ‘b’ varies from image 
to image. The value ‘b’ is totally based on Otsu’s 
threshold function.  The Otsu’s     algorithm assumes 
that the image contains two classes of pixels i.e. 
“foreground pixels” and “background pixels”. 
Therefore algorithm will classify the pixel either in 
foreground region or background region. The main 
aim of Otsu’s algorithm is to find the threshold value 
where the sum of foreground and background spread 
is minimum. The Otsu’s algorithm is used to find 
weight, mean and variance for each gray level of both 
foreground and background region. This leads to 
selection of gray level whose spread is minimum for 
foreground and background region. Threshold gray 
level value ‘b’ is given by [1]   
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Where, Wb  and Wf  are the probabilities of the two 
classes separated by some threshold value. L

2 is the 
variance of the two classes i.e. background and 
foreground region. The fig 5 shows result after 
applying closing operator, threshold operation, 
inversion operation, in fig 5.   
Optic disc can be easily characterized by the largest 
area in the retinal images. But in some retinal images 
it might be possible that the size of exudates is more 
than that of the area of optic disc. In such cases the 
selection of optic disc has to be made more specific to 
the largest one among the regions that have similar 
circular shape. Thus circularity of the shapes in 
retinal image is given by the value of compactness 
and it is given by following equation [2].  

Where, area is the number of pixels of the region 
having circular shapes and perimeter is the number of 
pixels on the circumference of the circular region. 
Circular region is obtained by subtracting the 
adaptive histogram equalized image from 
thresholding image. The image after performing this 
operation is Img6. To remove optic disc all the pixels 
within the optic disc are to be covered. All pixels are 
covered by applying dilation operation on Img6 with 
flat structuring element (SE) having radius 6 and it is 
given by following equation [2].  

Where, D is dilation operator, and Img7 is output 
image. Thus, fig 5 f) contains the retinal image 
without optic disc.  
 

Fig 5: Process of Optic Disc Elimination. 
D.  Exudate Detection by using Local variation 
operator.  
After eliminating optic disc from retinal image, the 
main task is to detect exudates from the retinal image. 
But before detecting exudates from retinal image 
eliminate the high contrast vessels which are visible 
after eliminating optic disc from retinal image. Thus 
flow chart for exudates detection and elimination of 
high contrast vessels is shown in fig 6.  

 
Fig 6: Flow Chart for Exudate Detection 

 
Once again, closing operator is applied on Img7. The 
Img7 doesn’t contain optic disc. The closing 
operation on an Img7 is given as,  

 
Where, Img8 is the output image. Ø  is closing 
operator and disk shaped ‘SE’ is used having radius 
10. The local variation operator is applied to the 
previous result to obtain the exudates in the group of 
clusters. Thus local variation on an Img8 is given by 
following equation [4],  

  
Where,  µImg8(x, y) is mean value of Img8(x, y), N 
is the number of pixels in window. The window size 
of 7*7 is used [4]. In order to cover the entire 
candidate lesions, the dilation operator  with disk 
shaped  structural element having radius 8 is applied 
on an output Img9 and it is shown by following 
equation.       

Dilation operation on previous output image detects, 
only the border part of lesions. In order to cover all 
the regions, the candidate region of exudates is flood-
filled and it is given by,  

To show all possible regions of exudates, the 
previously detected optic disc is dilated by “SE” 
having  radius of  size 8 and optic disc is finally 
removed and it is given by following equation,  

The img12 is used as mask and it shows all candidate 
regions of exudates. After creation of mask image, 
create marker image by inverting the results of img12 
and its shown by following equation  

Let the resultant image be Img13.  Then perform 
threshold operation on the difference image and it is 
given by following equation   

Finally result of Img13 is superimposed on original 
image and it is given in fig 7.  
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Fig 7:  Final exudates detection 

 
RESULTS AND DISCUSSION  
 
E-ophtha-ex is a database of color eye fundus images 
for scientific research   on Diabetic Retinopathy 
(DR). It has been extracted from the OPHDIAT 
telemedical network for DR screening. The database 
is publicly available on the internet. Ophtha-ex is the 
subset designed for exudates detection. It contains 47   
images with exudates and 35 exudate-free images. 
The   specialists' annotations on the 47 images are 
given in the form of a   binary mask.  The annotations 
correspond to the position and the   contours of each 
exudate.  All the above operations were performed on 
the database of E-optha-ex. Finally the performance 
is measured by comparing the hand drawn ground 
truths results given by the ophthalmologist.  
  
CONCLUSION  
 
Automatic system help doctors to locate optic disc 
from the retinal images, and detect exudates from 
fundus Images.  Manual detection of exudates by 
ophthalmologists is laborious as they have to spend a 
great deal of time in the analysis and diagnosis of 
retinal photographs.  Also automated screening 
techniques for exudates detection have great 
significance in saving time and laborious work.  Thus 
early automated exudates detection can help in 
reducing the incidence of blindness.  Therefore the 

efficiency of the screening process can be greatly 
improved by automating the initial task of analyzing.  
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