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Abstract— Retinopathy, caused by severe diabetes is referred to as diabetic retinopathy. It can be viewed as diabetic 
retinopathy .It can viewed as an ocular manifestation of diabetes, which is a systemic disease. Here, the patient’s vision gets 
blurred or distorted, that can be considered as its symptoms and may eventually lead to blindness. Even though the complete 
cure of diabetes is not possible. Diabetic Retinopathy can be successfully treated to an extend by laser surgery and strict 
glucose control. But, in order to treat it effectively, early detection is necessary. Exudates in the retina are opacities that 
results from the escape of plasma and white blood cells from defective blood vessels and these are taken as the primitive 
signs of diabetic retinopathy .Retinal images are crucial and essential for the diagnosis of the disease. This paper proposes a 
new automated method in Matlab for exudates detection. This method automatically detects the exudates and hence 
diagnoses the disease. The diabetic retinopathy is classified into two based on the presence of exudates using NN (Neural 
Network) classifier. The use of NN classifier increases the accuracy and efficiency of the system when compared with the 
existing systems. The results of this diagnose method have been successful and the sensitivity and recognition for exudates 
detection was obtained. 
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I. INTRODUCTION 
 
The present day life style has contributed various 
diseases to the new generation, one such disease is 
diabetes. Diabetes is a kind of metabolic disease in 
which a person has high blood sugar. This can either 
be the cause of the pancreas that does not produce 
enough insulin, or because of the cells that does not 
respond to the insulin that is produced. Retinopathy 
can be caused by severe diabetes, in which the eye of 
the patient get affected by leakage of blood, plasma 
and white blood corpuscles(WBCs) from the blood 
vessels of the retina[1]. This may lead to the 
formation of white patches in the eye called exudates 
as shown in fig 1. 
 

 
Fig.1. Image seen by a normal eye and an affected eye 

 
According to a recent survey conducted, 60% of the 
country’s population has been diagnosed with 
diabetes disease alone and it can been recognized and 
accepted as one of the main cause of blindness in the 
country, if not properly treated and managed [2]. But 
this could be controlled and reduced to an extend  if 
there exist a proper treatment and checking of eyes. 
However, due to large number of people that require 
screening, an automated and accurate screening tool 
is useful adjunct in diabetes clinics. Early detection 
and diagnosis is always identified as a method to 
attain a reduction in the percentage of visual 
impairment caused by diabetes. Another method is to 
emphasis more on the routine medical checkup that 

makes use of special facilities for detection and 
monitoring of this disease. This method enables to do 
the same with the help of processing the obtained 
retinal image. Figure 2 shows the image obtained 
from the diagnosis of an affected retina. This work 
can assist physicians to diagnose and predict the level 
of complication and hence to suggest an effective 
dose of medicines to the patient. 
 

     
Fig.2. Affected retinal image 

 
Diabetic Retinopathy occurs when blood vessels in 
the retina change and sometimes these vessels are 
such that it swells and leak fluid or even close off 
completely [2]. In some other cases, abnormal new 
blood vessels grow on the surface of the retina. 
Diabetic Retinopathy usually affects both the eyes. In 
the early stage of this disease people who are having 
diabetic retinopathy often do not notice changes in 
their vision. But as it progresses diabetic retinopathy 
can cause problems like vision loss that in many 
cases cannot be reversed or vision restored. 
There are two types of diabetic retinopathy Non 
Proliferative Diabetic Retinopathy (NPDR) and 
Proliferative Diabetic Retinopathy (PDR). NPDR is 
the earliest stage of diabetic retinopathy. With this 
condition prevailing damaged blood vessels in retina 
begin to leak extra fluid and small amounts of blood 
into the eye. Even deposits of cholesterol and other 
fats from blood may leak into the retina. NPDR can 
lead to changes in the eye pattern like shape, 
including Microaneurysms (small bulges in blood 
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vessels of the retina that often leak fluid), Retinal 
Hemorrhages (tiny spots of blood that leak into the 
retina), hard exudates , Macular edema (swelling or 
thickening of the macula caused by fluid leaking from 
the retinas blood vessels). The functioning of macula 
is affected and hence it does not function properly 
when it is swollen. Macula edema is the most 
common cause of vision loss in diabetics and Macula 
ischemia: small blood vessels (capillaries) close is 
another situation. Hence the vision blurs as the 
macula no longer receives enough blood to work 
properly. Most of the people with diabetics have mild 
NPDR that usually does not affect much of their 
vision. However if their vision is affected, it can only 
be due to the result of macular edema and macular 
ischemia. 
The next type PDR mainly occurs when the blood 
vessels present in the retina close and thereby 
preventing enough blood flow. The retina starts 
growing new blood vessels as a response for the 
attempt to supply blood to the area where the original 
vessels were closed. This is called as 
neovascularization. Still, the new blood vessels 
created are abnormal and does not supply retina with 
proper blood flow. The new vessels produced are 
often accompanied by scar tissue that may cause the 
retina to wrinkle or death. When compared with 
NPDR, PDR can cause more severe vision loss, as it 
can affect both central and peripheral vision [1]. PDR 
can affect vision in the following ways: Vitreous 
hemorrhage (dedicate new blood vessels bleed into 
the vitreous- the gel in the centre of the eye- 
preventing light rats from reaching the retina), 
Traction retinal detachment ( scar tissue from 
neovascularization shrinks, causing the retina to 
wrinkle and pull from its normal position), 
Neovascular glaucoma (if a number of retinal vessels 
are closed, neovascularization can occur in the iris. In 
such a condition, the normal flow of fluid out of eye 
might be blocked by the new blood vessels created. 
Another particularly severe condition where pressure 
builds up in the eye that can cause damage to the 
optic nerve)  

 
II. PREVIOUS WORKS 
 
Many techniques are there, for the exudates detection. 
Scientists proposed many ways for the detection of 
‘Diabetic Retinopathy’. Gardner and others proposed 
automatic detection of ‘diabetic retinopathy’ using 
artificial neural network, in that the exudates are 
identified from the grey level images [1]. 
Sinthanayothin and others reported that the results of 
an automated detection of ‘Diabetic retinopathy’ on 
digital fundus images by Recursive Region Growing 
Segmentation (RRGS0 algorithm where the 
performance was measured on 10x10 patches rather 
than on the whole image. Usher et al. detects the 
exudates region by using the combination of RRGS 
and adaptive intensive thresholding. In that the 

candidate regions were extracted and used as input to 
neural network. The poor quality images affect the 
separation results of bright and dark abnormalities of 
the tissues using thresholding and exudates feature 
extraction using RRGS algorithm. Zheng and others 
detected exudates using thresholding and region 
growing algorithm. Fundus photographs were taken 
with a nonmydriatic fundus camera by a flat-bed 
scanner. Color normalization and local contrast 
enhancement followed by Fuzzy-C, clustering and 
neural networks were Osareh and others. This system 
works only on color space but in the case of non 
uniform illumination the detection accuracy is low. 
Much works has been performed for exudates 
detection. Most techniques mentioned earlier worked 
on dilated pupils in which the exudates and other 
retinal features are clearly visible. Previous works 
reported that good quality image with larger fields are 
required. The retinal image of the patient must be 
clear enough to show the retinal details. 

 
III. METHODOLOGY  
 
The diagnosis of diabetic retinopathy from retinal 
images is done in different stages as shown in fig 3. 
In this paper an RGB image is converted into Hue 
Saturation Intensity (HSI) image. The noise is 
removed from the intensity component by a median 
filter. Adaptive histogram equalization is applied to 
improve the contrast of the image. The image is 
binarized so as to detect an optic disk. Then the 
image is thresholded, which is a type of image 
segmentation that isolates objects by converting gray 
scale into binary images which detect the optic disk. 
 

 
 

Fig.3. Processing stages of diagnosis from a retinal image 
 
After this step, adaptive histogram equalization 
followed by thresholding is directly applied to the 
median filtered image. A binary dilation operator was 
also applied which shows the exudates in the resultant 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                Vol-4, Iss-2, Spl. Issue-3 Jun.-2016 

Diagnosis of Diabetic Retinopathy 
 

23 

image. This operator ensures that all the neighboring 
pixels are also included in the candidate region. The 
diabetic retinopathy is classified either as 
nonproliferative diabetic retinopathy and proliferative 
diabetic retinopathy considering the amount of black 
and white counts in the resultant image. Classification 
was done using an NN classifier. 

 
3.1. Image acquisition  
The digital fundus camera is a normal CCD based 
digital camera which consist of special optics that can 
take color photographs of the retina. With this 
instantaneous examination of retina, quick storage 
and access of image, decoupling of acquisition and 
interpretation stages of screening [3] are all made 
possible. Retinal images can be collected from 
DIARETDB0, DIARETDB1 database that are freely 
available.  
 
3.2. RGB to HSI conversion  
The RGB image is converted into HIS image. The 
image may have nonuniform illumination, intensity 
variation and noises. To reduce the effect of such 
problems, preprocessing was performed on the 
intensity component of the image. The intensity 
component of the image was used here to 
differentiate the bright lesion from other features of 
the retinal image [4]. The intensity is determent by 
the actual amount of light, with lighter parts 
corresponding to more intense colors. 
Converting RGB color space image to HSI image 
beginning with normalizing RGB values. The 
normalizing RGB values are given by the below 
equations. 

r = R / (R+G+B) 
g = G / (R+G+B) 
b = B / (R+G+B) 

 
3.3. Median Filtering   
Median filtering is a non-linear digital filtering 
technique used to reduce the effect of noise. Digital 
image processing widely uses this method, as it can 
preserve the edges of an image while removing noise 
under certain conditions. The median filtering 
compares each pixel in the image with the nearby 
neighboring images to decide whether or not it is 
representative of its surroundings so it replaces the 
pixels with the median of those values instead of 
simply replacing with mean of neighboring values. 
The median is calculated by sorting the pixels values 
from its neighbors in numerical order and the 
replacing the pixels with the middle pixel value 
considered. 
 
3.4. Adaptive Histogram Equalization 
Adaptive histogram equalization is the next step that 
follows, median filtering. It is a computer image 
processing technique used to improve contrast in 
images. This method involves applying to each pixel 
the histogram equalization mapping based on the 

pixels in a region surrounding that pixel. That is each 
pixel is mapped to intensity proportional to its rank in 
the pixels surrounding it [5]. Therefore it is suitable 
for improving the local contrast of an image and 
hence bringing out more detail. 
 
3.5. Thresholding   
With segmentation we can locate data in a vector. So 
by using segmentation the data can be, represented 
into something more meaningful by simplifying or 
changing and also that becomes more meaningful. 
From a grayscale image, binary images [6] can be 
created using thresh. 
An automated screening system in DR involves optic 
disc (OD) detection as a primary step. The OD is the 
brightest feature of normal fundus whereas it appears 
as bright yellowish or white region in colored fundus 
images, exudates and OD has highest intensity values 
in preprocessed image. In this paper though exudates 
detection is the main purpose, it also becomes 
necessary to find op prior to the process. 
 
3.6. Dilation 
Dilation is the process, which can grew/thickens an 
object in a binary image. It is a tool for extracting 
image components that are useful in the 
representation and description of region shape, such 
as boundaries, skeletons and the convex hull. The 
specific manner and extent of this thickening is 
controlled by a shape referred to as a structuring 
element. 
 
3.7. Exudate detection 
Exudates can be classified into two according to their 
appearance and occurrence; they are hard exudates 
and soft exudates. Hard exudates have well defined 
boundaries and soft exudates have under boundaries. 
HE are liquid residues of serious leakage from 
damaged capillaries and are yellowish and granular in 
appearance, whereas SE are nerve fiber layer infarcts, 
or pre-capillary arterial occlusions, that usually have 
a fluffy border and a fairly abrupt edges. 
 
3.8. Classification of diabetic retinopathy    
The classification task consists in deriving a general 
classification rule for unknown candidates from the 
training set. There exist many methods to solve this 
kind of problems; to the detection of MA, the k-
nearest- neighbor (KNN) method, support vector 
machines, linear discriminant analysis, rule based 
analysis and neural network have been used. The 
choice of an appropriate method has two important 
aspects: first, the method should be robust against 
outliers in the training set, because it is very difficult 
to obtain an absolutely reliable ground truth. Second, 
the distribution of the features is unknown [5]. These 
considerations have lead several authors to the use of 
NN classifiers. 
Neural network consists of three or more neuron 
layers: one input layer, one output layer and at least 
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one hidden layer. In the test step, the input data are 
fed into the network and the desired values are 
compared to the network’s output values. The 
agreement and disagreement of the results thus gives 
an indication of the performance of the trained 
network. Each iteration modifies the connection 
weights in order to minimize the error of the reply 
(expected value-estimated value). After training, the 
performance of the network has to be tested. In the 
test step, the input data are fed into the network and 
the desired values are compared to the network’s 
output values. 
In this paper, we examine the accuracy of the 
algorithm in detecting the candidate lesion by 
considering two features which include the amount of 
white and black counts in the resultant image. In any 
given image if the exudates are absent, then it is 
classified as normal. Based on the amount of white 
and black counts the exudates are classified into two: 
nonproliferative and proliferative diabetic 
retinopathy. 
 
IV. RESULTS  
 
4.1. RGB-HSI Conversion:  
 

 
Fig.4. RGB to HSI conversion of retinal images 

 
 From Hue, Saturation and Intensity (HSI) 
components the intensity component is separated and 
selected for the further steps. 
 
4.2. Median Filtering: 
Intensity image is median filtered to remove noise. 
 

 
Fig.5. (a & b) Median filtered & Adaptive histogram 

equalization 

4.3. Adaptive Histogram Equalization: 
It is performed on the median filtered image. 
 
4.4. Optic Disk Detection: 
Thresholding is applied to the histogram equalized 
image which detects the optic disc. 

 

 
Fig.6. (a & b) Optic disc & Exudate detection 

 
4.5. Exudate Detection: 
Adaptive histogram equalization is done on the 
median filtered image. Thresholding followed by 
dilation on the resulting image detects the exudate. 
 
4.6. Adaptive Histogram Equalization: 
DR is classified into two: 1. Non proliferative DR 2. 
Proliferative DR. 
 

 
Fig.7. (a & b) NPDR and PDR 

 
CONCLUSION 
 
We have developed an automated system to 
automatically detect exudates from retinal images 
obtained from fundus camera. The proposed system 
aid ophthalmologists in he diagnosis of diabetic 
retinopathy in early stage, in monitoring the 
progression of disease and in better treatment plan. In 
the proposed work, the preprocessing steps followed 
by exudates detection increases the efficiency of the 
system. The system classified diabetic retinopathy 
into two classes namely nonproliferative and 
proliferative. The NN classifier used for this 
classification of the disease makes the system more 
precise. A large set of images are trained with the 
observations in reference to the ophthalmologists and 
classification is done based on this trained set. This 
improves the accuracy of the proposed work. 
Overall, our experimental results show that careful 
preprocessing step, feature selection and appropriate 
classifier together provide exudates detection 
performance even on low quality images. This system 
helps ophthalmologists in diabetic retinopathy 
screening process to detect symptoms faster and more 
easily.  
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