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Abstract 

 
Diabetic Retinopathy (DR) is a major cause of 

blindness. Earliest signs of DR are damage to blood 

vessels in the eye and then the formation of lesions in 

the retina. This paper presents an automated method 

for the detection of bright lesions (exudates) in retinal 

images and its classification on the basis of their 

severity and level of risk. An exudate is any fluid that 

filters from the circulatory system into lesions or areas 

of inflammation. Its composition varies but generally 

includes water and the dissolved solutes of the main 

circulatory fluid such as sap or blood. Based on the 

amount of solutes it is classified as soft and hard 

exudates. Hard exudates are associated with DR and 

have been found to be one of the most prevalent 

earliest clinical signs of retinopathy. This proposal 

starts by eliminating the non-uniform illumination 

thereby enhancing the brightness of the images. A 

novel abnormality detection method is illustrated 

which classifies the retinal images as normal or 

abnormal based on the features obtained from the 

image. The abnormal images are further classified as 

mild, moderate or severe. The obtained results show 

effectiveness in both exudates  

detection and its severity classification in the field of 

diabetic retinopathy assessment. 

 

Keywords: Diabetic Retinopathy (DR), hard 

exudates, soft exudates, detection and classification. 

 

1. INTRODUCTION 
 

Diabetic Retinopathy (DR) is a complication of 

diabetes that causes blindness to 2.2 million 

people in the world. It is a common cause of 

blindness especially in developed countries and 

the risk of vision loss from DR increases when 

pathologies present on the macula are more. 

However, at an early stage an appropriate 

treatment slow down the progression of this 

disease. Thus, the recognition of the early signs 

has great importance in automatic screening 

systems. Exudates are primary signs of diabetic 

retinopathy and occur when lipid or fat leaks 

from blood vessels or aneurysms. Exudates are 

light, small spots, which can have irregular 

shape, thus automatic exudate detection sis a 

difficult task. 

 

Hard exudates are small white or yellowish white 

deposits with sharp margins. Often, they appear 

waxy, shiny, or glistening. They can be arranged 

as individual dots, confluent patches, sheets, or 

in rings or crescents surrounding zones of retinal 

edema or groups of microaneurysms. They are 

occasionally deposited along retinal veins. On 

angiography, small dots are not visible, but 

larger patches may block choroid fluorescence. 

Exudates are differentiated from drusen which 

hyper fluoresce during the transit phase and 

become less prominent in late phases. 

Microaneurysms that appear as white dots with 

no blood visible in the lumen are considered hard 

exudates. In extreme stages of Diabetic 

Retinopathy, certain spots called the „cotton 

wool spots‟ are identified. The retinal pre 

capillary arterioles supplying blood to the nerve 

fiber layer are clogged and associatively the local 

nerve fiber axons get swollen; thereby creating a 

cotton wool spot (soft exudates). We can find a 
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large number of exudate detection algorithms in 

the medical image processing literature as see in 

[1]. 

In literature a very few work have been reported 

about the detection of exudates and it is observed 

that algorithms do not find all exudates and 

detect some false candidates. Several methods 

have already been implemented to segment the 

hard exudates. Harihar Narasimha-iyer et al. [1] 

estimated the illumination component using 

iterative robust homographic surface fitting to 

compensate the non-uniform illumination in 

fundus images for monitoring diabetic 

retinopathy. In detection of bright diabetic 

retinopathy areas from fundus images, Zhang 

and Chutape [2] applied adaptive local contrast 

enhancement to sub-image areas using the local 

mean and standard deviation of intensities. A 

similar approach for detection and classification 

of DR was used by Osareh et al. [3]. Other 

methods include fuzzy C means clustering [4], 

intensity based dynamic clustering [5], region 

growing segmentation [6-7], neural networks 

based classification [8-9], Gaussian Bayes 

classifier [10] and morphological closing 

techniques [11]. In the above mentioned methods 

the results were mostly classified as normal and 

abnormal. 

 

This proposed method is an easier process which 

makes use of the pixel intensity of the exudates. 

The pixels that form exudates are extracted by 

removing all the unwanted features like blood 

vessels, Optic Disc (OD) and noise. Then based 

on the amount and intensity of the exudates the 

classification is done. Morphological approach 

has been used in this technique because with the 

use of region based approach, this accuracy 

cannot be attained. Also for attaining high 

sensitivity and specificity, clustering is done 

where the entire image is subdivided based on 

the intensity levels (gray scale image) of OD, 

blood vessels and exudates. Then the feature 

extraction is done and the final classification is 

done using Neuro Fuzzy C approach and finally 

the comparison of the morphological approach 

and clustering is done. 

 

2. METHODOLOGY 
The aim of the entire process is the detection of 

the abnormality in the fundus images with 

respect to the exudates and their classification is 

done based on the area of the exudates. The 

fundus photographs of the exudates affected 

retina were collected from The Eye Foundation 

and Aravind Eye Hospital, Coimbatore. They 

were captured using high resolution fundus 

camera. The normal fundus photographs, taken 

for the diagnostic processes contain noise. If the 

detection is made with those same images it may 

lead to malicious results. Hence to improve the 

image quality, uneven illumination, insufficient 

contrast between the exudates and the image 

background pixels and to remove the noises 

present in the input fundus images we go for the 

preprocessing step initially. This stage involves a 

number of steps like resizing the image, gray 

conversion, date patch removal and brightness 

adjustment. Initially the fundus image is 

standardized to 576x720 and the intensity of the 

gray scale image is then adjusted. 

 

Once the preprocessing is successfully 

completed, the circular border of the image is 

detected using edge detection algorithm. Then 

the blood vessels are removed from the input 

image. In the same manner we remove the OD 

and noise from the input gray image 

independently. Then the logical AND operation 

of the original image and the image in which the 

optical disc, noise and blood vessels have been 

removed is done. 

 

After the AND operation has been performed the 

final image is obtained which consists of 

exudates alone. Then the image is analyzed 

which consists of exudates alone and further we 

calculate the region of interest i.e. where the 

exudates are present in the image. Based on this, 

the classification of exudates is done as normal, 

mild, severe and proliferative. 

 

The main objective of the proposed project is to 

identify the defective part on the retina of eye 

caused due to Exudates. For this purpose, an 

image (Fig.1) is chosen that has been affected by 

Exudates using a fundus camera which is 

depicted above. This image consists of optic disk 

(OD), blood vessels and exudates. 
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Equation 1 is used for the dilation process during 

the conversion of RGB image into gray. 

    2ˆ|  zz

 

The binary erosion is done in the process of 

removing the blood vessels and is depicted in the 

equation 2. 

 

For the purpose of processing the input fundus 

image in a better and easier manner, the RGB 

image is converted into Gray scale image (Fig.2) 

using operation, which replaces the original red, 

green and blue values with the new gray value. 

This helps to identify all the exudates, optic disc 

and blood vessels clearly. 

 

Since the major focus is only on the region of 

exudates, the blood vessels in the image are not 

of much importance. Thus in this stage the blood 

vessels from the gray scale image have been 

removed (Fig.3). For doing this we do 

morphological operation. In this a ball shape is 

chosen which concentrates on the circular eye 

and then the blood vessel region which is 

unclosed is closed automatically. 
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For the process of thresholding the gray values to 

binary, we use the technique called soft 

threshoding whose algorithm is depicted by the 

equation 3. 

 

The processing has to be done only in the region 

of interest of the image, thus the circular border 

(Fig.4) that comprises the portions of retina of 

the eye alone is detected. In order to detect the 

circular edge of the eye, the edge detection 

technique is used. This technique takes a gray 

scale or a binary image I as its input, and returns 

a binary image BW of the same size as I, with 1's 

where the function finds edges in I and 0's 

elsewhere. 

 

The Canny method finds edges by looking for 

local maxima of the gradient of I. The gradient is 

calculated using the derivative of a Gaussian 

filter. The method uses two thresholds, to detect 

strong and weak edges, and includes the weak 

edges in the output only if they are connected to 

strong edges. This method is therefore less likely 

than the others to be fooled by noise, and more 

likely to detect true weak edges. 

 

The mask for removing the optic disc has been 

shown in Fig.5.In this algorithm the size of the 

OD is chosen to be equal to 90. As the size of the 

OD is not constant for all the retinas, the worst 

case is taken into consideration so that if the OD 

is not misinterpreted as exudates as both of them 

have the same intensity levels. 

 

Then the OD is removed as its brightness and 

intensity values are almost equal to that of the 

exudates. A circular mask of uniform brightness 

is used to do this process. Here the circular mask 

is made to move from the top to bottom pixel by 

pixel. When this is done, if this mask encounters 

a same surface (OD), the mask will fix onto that 

and when we perform logical operation on the 

gray image and this image, the optic disk is 

removed. Thus the Fig.6 depicts only the region 

affected by exudates. After the removal of the 

optic disk, the only dominant high intensity 

features are the exudates which are efficiently 

separated and shown in Fig.6. 

 

 
FIGURE 1: Input Retinal image 

   FIGURE 2: Gray Scale image 
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            FIGURE 3: Blood vessels removed image        

                  FIGURE 4: Circular Border 

 
FIGURE 5: Mask for optic disk removal              

FIGURE 6: Image with Exudates alone 

 

3. EXPERIMENTAL RESULTS 
A set of 50 images captured under standard 

protocols obtained from eye care centers and 

diabetic retinopathy databases [14] were used for 

analysis. The algorithm was tested using the 

training sample. The accuracy of the classifier 

depends on better segmentation and brightness 

levels of the exudates and also on accurately 

extracting the parameters used for classification. 

The physical features like shape and size of the 

spots were comparable to the ground truth. The 

Fig.7 shows the comparison between the ground 

truths and the segmentation by the proposed 

method for mild, moderate, severe and 

proliferative cases. The first set shows the 

segmentation results of an image that has mild 

diabetic retinopathy and is characterized by 

fewer exudates with less intensity. The second 

set shows the segmentation results of an image 

that has moderate level of severity and is 

characterized by more number of exudates with 

moderate or high intensity. The third set, with 

acute diabetic retinopathy is characterized by a 

large number of exudates having maximum 

intensity. The problem of detecting exudates is 

very challenging since they present very 

irregular shapes and have variable texture 

characteristics (soft and hard exudates). 

However, the results obtained with this 

optimized method are encouraging. 

 

              FIGURE 7: Input Retinal images and their    
            corresponding exudate detected image for various 

stages 

 

 

                               FIGURE 8: (a) Cropped retinal image (b)                    
                        Ground truth image (c) Exudates segmented 

by proposed method 

 

4. CONCLUSION 
In this work, the detection and classification of 

exudates in retinal fundus images was carried 

out. The segmentation performed using 
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brightness associative criterion results in high 

sensitivity, specificity and accuracy as they 

matched better with the ground truth images. The 

proposed method is simple and easier to 

implement when compared to conventional 

methods as it involves only logical operations on 

the RGB channels of the image. The error-boost 

feature selection method effectively identifies the 

weak classifiers. The classifier predicts the 

severity of DR based on the two strongest 

features, more accurately. The proposed 

procedure seems to be useful for severity 

grading, mass screening and also for clinical 

interventions. 
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