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ABSTRACT 
 

 The retinal images analysis is one of the important topics in medical image processing. The detection of fovea in fundus image is an 
important aspect in analyzing eye diseases. An automatic system for the detection of diabetic retinopathy should detect various features of 
retinal image like blood vessel, optic disk, Macula, and Fovea. One of the most important features of retinal image is fovea. Due to 
unavailability of trained ophthalmologist, the diagnosis of diabetic disease becomes very difficult. Automatic analysis of fundus image is 
very essential to facilitate clinical the diagnosis. The algorithm consists of various stages, which includes the Pre-Processing stage, 
Segmentation stage and disease classifier stage. Pre-Processing stage equalizes the uneven illumination associated with fundus images and 
also removes noise present in the image. Segmentation stage clusters the image into two distinct classes. The Disease Classifier stage is 
used to distinguish between candidate lesions and other information.  The algorithm was tested with a separate set of 10 fundus images. 
From this, the Receiver Operating Characteristics (ROC) was determined for red spot disease and bleeding, while cross over points were 
only detected leaving further classification as part of future work needed to complete this global project. 
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INTRODUCTION 
              
 Many developed countries face an increase in 
age and society related diseases like diabetes. 
According to recent survey, 4% of the country 
population has been diagnosed of diabetes disease. It 
can lead to diabetic retinopathy, a major cause for 
blindness if not properly treated and managed as 
early as possible. Early detection and diagnosis have 
been identified as one of the way to achieve a 
reduction in the percentage of visual impairment 
caused by diabetes with more importance on routine 
medical checkup which use special facilities for 
detection and monitoring of the disease [15]. A lot of 
approaches have been suggested and identified as 
means of reducing the stress caused by this constant 
checkup and screening related activities among 
which is the use medical digital image signal 
processing for diagnosis of diabetes related disease 
like diabetic retinopathy using images of the retina.  
Diabetes is a disorder of metabolism. Digested food 
enters the body stream with the aid of a hormone 
called insulin. It regulates carbohydrate and fat 
metabolism in the body. It causes cells in the skeletal 

muscles, and fat tissue to absorb glucose from the 
blood. Except in the presence of the metabolic 
disorder diabetes mellitus and metabolic syndrome 
insulin is provided within the body in a constant 
proportion to remove excess glucose from the blood. 
 
1.1 Importance Of Fovea: 
 The word "fovea" is the Latin word for "small 
pit." The fovea is literally a small depression. In the 
eye, a tiny pit located in the macula of the retina that 
provides the clearest vision of all. a small pit in the 
center of the macula lutea, the area of clearest vision, 
where the retinal layers are spread aside, and light 
falls directly on the cones.It is  also called the central 
fovea or fovea centralis [4].Fovea and optic nerve in 
an retinal image is shown in Figure 1.2. 
 

 
 
Fig. 1.2: Image of human retina. 
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  The retina is the light sensing tissue inside of the 
eye.  It is divided into several anatomic regions such 
as the macula, the periphery, and the fovea area [13].  
The fovea has a layer of sensory neurones, the key 
structures being photoreceptors (rod and cone cells) 
which respond to light. Contains relay neurones and 
sensory neurones that pass impulses along the optic 
nerve to the part of the brain that controls vision 
contains the highest concentration of rods and cones, 
the cells that respond to light, and the area we use for 
our sharpest vision [5].   
 
1.2 Types Of Eye Diseases Due To Diabetic 
Retinopathy: 
Microaneurysms:  
 A retinal microaneurysm is a tiny area of blood 
protruding from an artery or vein in the back of the 
eye [7].  These protrusions may open and leak blood 
into the retinal tissue surrounding it. These are the 
first clinical abnormality to be noticed in the eye. 
Any form of vascular disease or high blood pressure 
may contribute to a retinal microaneurysm; however 
the most common cause is diabetes mellitus 
[11].They may appear in isolation or in clusters as 
tiny, dark red spots or looking like tiny hemorrhages 
within the light sensitive retina. Their sizes range 
from 10-100 microns. 
 
Exudates:  
 Exudates can be pus like or clear fluid. Exudates 
are a class of lipid retinal lesions visible through 
optical fundus imaging, and indicative of diabetic 
retinopathy. Unlike microaneurysms which are small 
by nature, exudates are of variable size and 
appearance [2]. The fluid includes cells proteins, or 
solid material or more specifically is composed of 
serum, fibrin, and white blood cells. There are two 
types of exudates, which are explained in below. 
 
1.3 Problem Formulation: 
 For human vision fovea is the most important 
part of the retina. Manual detection of fovea by 
ophalmologist is very much time consuming. There 
are several methods for localizing fovea. They are 
ophthalmoscopy, scanning laser ophthalmoscopy, 
optical coherence tomography, fluorescein 
angiography etc. Problems associated with these 
methods are low contrast, high intensity visible light 
(requiring pupil dilation), affected by structural 
variability in normal and retinal disease and low 
accuracy. 
 
Proposed method: 
 This paper proposes in detecting abnormalities 
associated with fundus image, the images have to be 
Pre- Processed in order to correct the problems of 
uneven illumination problem, non- sufficient contrast 
between abnormalities and image background pixels 
and presence of noise in the input fundus image. 
Aside from aforementioned problems, this section is 
also responsible for color space conversion and 
image size standardization for the system.The 

following processes take place to classify retinal 
image as normal or abnormal and also it identifies 
the diseases 
1) Pre-Processing stage. 
2) Segmentation. 
3) Diseases classification stage.  
 The Different stages involved in the automatic 
diagnosis of fundus image are discussed. It starts 
with a brief review of the block diagram of the 
processes involved in diagnosis of DR. This is 
followed by comprehensive discussion of each of the 
stages involved with this research work. The block 
diagram of the proposed system is shown in Figure 
2.1. 
 

 
 
Fig. 2.1: Block Diagram of Automatic Diagnosis of 

Diabetic Retinopathy using Findus Images.  
 
2.1 Pre-Processing Stage (PPS): 
 The pre-processing stage includes color space 
conversion, median filtering and adaptive histogram 
equalization. 
  
2.1.1 Color Space Conversion:  
 The first stage in Pre-Processing stage is the 
color space conversion. The input fundus image can 
be either an RGB or a grey scale image [15]. If it is 
an RGB image then the system converts it to an 
intensity image using RGB to HIS conversion based 
on Gonzalez and Woods (2002) method. The choice 
of RGB to HSI is based on the fact that the intensity 
matrix of the image can be disassociated from other 
components such as hue and saturation. The 
information needed for the diagnosis is contained in 
the intensity matrix alone, dissociation and further 
processing using the intensity matrix or component 
alone is enough for the diagnosis of DR [7]. The 
input image and color space converted image is 
shown in Figure 2.3(a) and Figure 2.3(b) 
respectively.     
       

 
 
Fig. 2.3: (a) Input Image. 
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Fig. 2.3: (b) Color space converted image. 
             
2.1.2 Median Filtering:  
 The median filter is a nonlinear filter, which can 
reduce impulsive distortions in an image and without 
too much distortion to the edges of such an image. It 
is an effective method for suppressing isolated noise 
without blurring sharp edges. Median filtering 
operation replaces a pixel by the median of all pixels 
in the neighbourhood of small sliding window [10]. 
It gives better results than the neighbourhood 
averaging in the case where noise is of impulsive 
nature. The advantage of a median filter is that it is 
very robust and has the capability to filter only 
outliers [14]. It is thus an excellent choice for the 
removal of especially salt and pepper noise and 
horizontal scanning affects. The median filter is 
realized in MATLAB by the function median 
filtering.  
S = 1-[ 3/(R+G+B) ] [min (R, G, B) ] 
 Finally the intensity component is given by I = 
1/3 (R+G+B).Image after median filtering is shown 
in Figure 2.4. 
 

 
 
Fig. 2.4: Median filtered image. 
 
2.1.3 Histogram Equalization:  
 One of the problems associated with fundus 
images is uneven illumination. Some areas of the 
fundus images appear to be brighter than the other. 
Areas at the centre of the image are always well 
illuminated, hence appears very bright while the 
sides at the edges or far away are poorly illuminated 
and appears to be very dark. The illumination 
decreases as distance from the centre of the image 
increase [10]. Many methods were tried in resolving 
this problem of un-even illumination, among which 
are the use of Naka Rushton method and Adaptive 
Histogram Equalization Method (AHEM). AHEM 
gives better performance, higher processing speed 
and work well for all images of different sizes, hence 
the reason for it being used as method of correcting 

un-even illumination [6]. The input retinal image 
after adaptive histogram equalization is shown in 
Figure 2.5.   
                                                  

 
 
Fig. 2.5: Adaptive histogram equalization. 
 
2.2 Segmentation:  
 The main objective of segmentation is to group 
the image into regions with same property or 
characteristics [4]. It plays a major role in image 
analysis system by facilitating the description of 
anatomical structures and other regions of interest. 
Method of image segmentation include: simple 
thresholding, K-means Algorithm and Fuzzy C-
means. 
 In this research, segmentation by K-means with 
two non-overlapping classes are found to be better 
than segmentation by simple thresholding. 
Background and noisy pixels were segmented into 
one class and the fundus image features which 
consist of the spots, exudates veins and features of 
the fundus images were segmented into another class 
without any pixel belonging into two classes [15]. 
The non-overlapping of this method made it suitable 
for this particular research work where it is only of 
interest to distinguish between the background and 
the main fundus image features. The retinal image 
after the segmentation is as shown in figure 2.6. 
 
                        

  
 
Fig. 2.6: Segmented Image. 
 
2.2.1 K-Means clustering Algorithm: 
Step 1:  Input data and number of clusters  
Step 2:  Calculate cluster (group) centroids based on 
initial guess value 
Step 3:  Calculate distance of each pixel from Class 
centroid  
Step 4:  Group pixels into k clusters based on 
minimal distance from centroids 
Step 5:  Calculate new centroid for each cluster  
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Step 6:  Classify into groups based on new centroid 
and distance 
Step 7:  Test if any of centroid changes its position.  
Step 8:  If there are changes repeat step 3- 8, else step 
9  
Step 9: end 
 The flow chart of basic k-means algorithm is 
shown in Figure 2.7. 
   

  
 
Fig. 2.7: Basic K-means Algorithm. 
 
2.3 Disease Classification/Abnormalities Detection  
 There are three distinct stages which include 
detection of microaneurysm, exudates and crossover 
points in fundus images in this research work.  
 This is the first stage of work involved in 
abnormalities detection. The input is a segmented 
fundus binary image with candidate lesions, vein 
network, Microaneurysm Detection, Exudates 
detection, Fovea Detection and Cross Over points 
detection.    
 
Result: 
 The proposed system classifies the input retinal 
image as normal or abnormal. If the image is 
classified as abnormal, segmentation is done to 
detect fovea, microaneurysm and exudate. Localizing 
fovea region will help in diagnosis of any 
abnormalities due to diabetic disease.  
 The output of the proposed system with a normal 
image is shown in Figure 3.1 
                           

 
 
Fig. 3.1: Output image classified as normal. 
 
 The fovea will be detected in the retinal image 
as shown in Figure 3.2. The fovea region is marked 
using a red square. 
 

 
 
Fig. 3.2: Output image with detected fovea. 
 
 The result of the proposed system obtained by 
giving abnormal image is shown in figure below. The 
input image given to the proposed system is shown in 
Figure 3.3(a) and Figure 3.3(b) shows the image in 
which microaneurysm is detected. 
                            

    
 
Fig. 3.3: (a) Input image. 
                           

    
 
Fig. 3.3: (b) Output image with microaneurysm. 
 
 Exudate detection is also done in an abnormal 
image using segmentation. The input image and 
output image with detected exudates are shown in 
Figure 3.4(a) and Figure 3.4(b) respectively. 
 

 
 
Fig. 3.4: (a) Input image. 
 



8                   T. Vandarkuzhali and Dr.C.S Ravichandran,, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages:4-9 

 
 
Fig. 3.4: (b) Output image with detected exudates. 
 
 The proposed system was tested using ten (10) 
fundus images for detection and diagnosis of diabetic 
retinopathy. For each set of data, the Receiver 
Operator Characteristics (ROC) curve is also 
presented and some of the thresholds used in 
obtaining the ROC.  
 The result obtained from the diagnosis of DR by 
this research work is as shown in the different ROC. 
Detection for abnormalities is centred on detecting 
red spot disease and bleeding. 
 

 
 
Fig. 3.5: Exudate ROC. 
 

 
 
Fig. 3.6: Bleeding ROC. 
 

 
 
Fig. 3.7: Combined ROC. 
 

3.1 Hospital Survey On Diabetic Retinopathy: 
 A hospital survey on Diabetic Retinopathy is 
carried out by collecting demographic data of 
diabetic retinopathy patients. The demographic data 
were collected from Lotus Eye Hospital, R.S Puram, 
Coimbatore.A cross-sectional study was carried out 
in the Department of Retina of Lotus Eye Hospital, 
Coimbatore from 1st January 2014 to 31st March 
2014. A total of 30 diabetes retinopathy patients who 
attended the Department of Retina during the study 
period were included. To perform survey on Diabetic 
Retinopathy, demographic data of Diabetic 
Retinopathy patients were collected. The 
demographic data that includes name of the patient, 
age, sex, duration of Diabetes Mellitus, Medical 
Records Directory (MRD) Number, Random Blood 
Sugar (RBS), Fasting Blood Sugar (FBS), Symptoms 
and Stage of Diabetic Retinopathy were collected 
and tabulated. Among 30 patients 5 patients has mild 
Non-Proliferative Diabetic Retinopathy (NPDR), 15 
patients has moderate Non-Proliferative Diabetic 
Retinopathy (NPDR),4 patients has severe Non-
Proliferative Diabetic Retinopathy (NPDR) and 6 
patients has Proliferative Diabetic Retinopathy 
(PDR). 
 From the data, patients are associated with four 
stages of diabetes retinopathy namely mild Non 
proliferative Diabetic Retinopathy (NPDR), 
moderate NPDR, severe NPDR and Proliferative 
Diabetic Retinopathy (PDR).  
 Higher rate of diabetic retinopathy is in men 
compared to women. Of the 30 patients who had 
signs of diabetic retinopathy, 21(70%) are males and 
9(30%) are females. Retinopathy rate is higher for 
people of age above 50 years. The rate is higher for 
patients with longer duration of diabetes than those 
with a shorter duration. Non-proliferative diabetic 
retinopathy was documented for 80%, while 20% 
had proliferative diabetic retinopathy. 
   Duration of diabetes, type of diabetes, control of 
blood sugar, associated systemic conditions, age and 
sex are found to be associated with retinopathy and 
its progression. Changes in lifestyle have increased 
the risk of diabetes as well as blindness in many 
developing countries .Around 20% of people with 
diabetes is at risk to develop diabetic retinopathy. 
  
Conclusion: 
 An automatic system for localizing fovea and 
detecting micro aneurysm and exudates caused by 
diabetic retinopathy is implemented.  A hospital 
survey on diabetic retinopathy is also carried out to 
determine the prevalence of    the disease. 
 Diagnosis of DR with Exudates ROC curve and 
Bleeding ROC curve is presented with combined Roc 
is shown infig3.5, 3.6,3.7. Diabetic Diseases in 
fundus retinal images is found out and it is prevented 
by taking medicine consulting with doctors.  
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