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Abstract - Diabetes has become a new global challenge. If 

not diagnosed and treated in time, diabetes can encourage 

other illnesses in the body of patients. One such illness is 

related to the retina of human eyes that affects the retina 

and retinal structure in certain ways. The screening for 

detection of such abnormalities in the retina is called 

Diabetic Retinopathy (DR). Latest technological advances 

in the image processing helps auto detection of diabetic 

retinopathy based on the analysis of feature extractions. 

This analysis not only helps diagnose the disease but also 

helps detecting the severity of the disease. In this paper, we 

will look at the extraction and outcome of important 

features, using image processing, and the severity of 

Diabetic Retinopathy. The datasets used for this study are 

DRIVE and STARE. 
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I. INTRODUCTION 

The World Health Organization (WHO) recently 

indicated that there are about 135 million people in the 

world having diabetes mellitus and this number may go 

up to 300 million by 2025. There has been focus on 

methods and algorithms that would help experts in the 

medical fields to process digital inputs, analyse results 

and diagnose different illnesses. 

This approach is consisting of digital image studies with 

an aim of providing ways in diagnosing the diabetic 

retinopathy and identifying the severity of the disease. It 

typically includes application of image processing on 

digital images of the retinal structures. Progress in this 

area has been achieved in recent times and improved 

medical care is available for the patients. 

According to a recent survey, diabetes has been 

recognized as the main cause of blindness. If not 

diagnosed early and treated in time, it can lead to severe 

damage to retinal structure leading to partial or even 

complete blindness. 

The constant check up and screening activities like 

medical digital image processing for detection and 

diagnosis of diabetes related disease, like diabetic 

retinopathy, is very important. 

The automated way of such screening of digital images 

will help medical experts screen and diagnose a large 

population of patients. Over a period of last decade, 

there is a lot of research conducted by different experts 

and authors over automatic detection of diabetic 

retinopathy based on extraction of features of retinal 

images. 

In [3], the author has analysed the performance of three 

template matching algorithms to detect blood vessels in 

the retinal images for both gray level and coloured 

images. The complete and continuous map of the blood 

vessels blood vessels is detected using the proposed 2D 

Gaussian matched filtering. [4], the author proposed to 

remove from the eye funds images and then retinal 

vessels bifurcations and crossover points to locate their 

facilities. [5], the author suggested to remove vascular 

network, using akariki operators proposed. [6], the 

authors proposed that retinal blood vessels were 

automatically segmented digital images using Gabor 

Wavelet transform. 

In [7], the detection of blood vessels is improved by 

using better filter parameters. 

In [8], a method has been proposed to identify mild 

NPDR and severe NPDR using a procedure involving 

global image feature extraction. Using the scale and 

orientation selective Gabor filter banks, the 

abnormalities are detected. 

In [9], the classification of the four stages of Diabetic 

Retinopathy using back propagation algorithm has been 

used by author. 

In this paper we are presenting the overview of diabetic 

retinopathy methods and techniques. In addition to this 

we are presenting the outcome of feature extraction and 

the severity identification in diabetic retinopathy. 

II. HUMAN EYE STRUCTURE 

The vision is captured and sensed by the human body 

using the eye. Below figure I show the cross section of 

eye and the next figure II is showing the retina section of 

figure I. 
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Figure I: Human Eye Structure 

Outside light enters the eye through the pupil and is 

focused on the retina. The lens helps in focusing images 

from different distance. The quantity of light entering 

the eye is controlled by iris. The culinary body controls 

and automatically focuses the lens of the eye structures. 

Optic disc image is brighter than other parts of the eye 

and is normally round in shape. It is also an entry to 

enter and leave the retina and brain from nerves to a 

point near the center of the retina oval shape object 

macula. Macula is lies near the center of the Fovea. 

Cells, due to the high volume of fovea are responsible 

for the most perfect vision. 

 

Figure II: Original Retinal Image 

The two types of photoreceptors in the human retina are 

rods and cones. Around 120 million rods are more 

sensitive and responsible for vision at low light levels 

and cones are capable of colour vision. 

A. Diabetic Retinopathy 

In diabetic retinopathy, the sensitive inner area of the 

eye is damaged. The two types of diabetic retinopathy 

are non-proliferative (NPDR) and proliferative (PDR) 

diabetic retinopathy. 

The early stage of the disease that affects fewer blood 

vessels in the eye leading blurred vision, due to fluid 

leaks, is known as non proliferative diabetic retinopathy. 

In majority of the cases it remains like this and may not 

affect vision. However, in some cases, may involve 

macula and that may lead to more advanced stage such 

as proliferative retinopathy. 

The fluid leaks are more serious in the proliferative 

diabetic retinopathy. The pressure in the blood vessels 

may rupture causing the bleeding. This bleeding is 

called haemorrhage and this may cause vision loss and 

scarring of the retina. 

Typically, everyone who is above 30 years and has 

diabetes shows symptoms of diabetic retinopathy. So 

everyone with diabetes should have regular eye 

checkups. 

III. OVERALL APPROACH 

In this paper we are looking at the automated detection 

of diabetic retinopathy using feature extraction from 

digital fundus images. This feature extraction is done 

using MATLAB. The features studied are micro-

aneurysms, optic disc, exudates and blood vessels. 

This system consists of different modules and the 

overall output depends upon the success rate of every 

step. The figure III gives overall approach to feature 

extraction for detection of disease severity. 

 

Figure III: Overall Approach 

A. Image Pre-processing 

Image pre-processing is the initial step in automated 

retinal pathology diagnosis. It includes techniques such 

as contrast enhancement, gray/green component, image 

de-noising, etc. In a binary image, white pixels are 

normally taken to represent foreground regions, while 

black pixels denote background. In case of Gray scale 

image, the intensity value represents height above a base 

plane. Thus, the Gray scale image represents a surface in 

three-dimensional Euclidean space. 

Intensity conversion: In the RGB images the green 

channel exhibits the best contrast between the vessels 

and background while the red and blue ones tends to be 

more noisy. Since the retinal blood vessels appear darker 

in gray image, the green channel is used to convert the 

intensity of the image. 

Filtering: Filtering is used to remove the noise which 

gets added into the fundus image. Here median filtering 

is quite useful as it is very robust and has the capability 

to filter any outliers. It is also the preferred choice for 

removal of salt and pepper noise. Median filtering 

effectively suppresses isolated noise without fading 

sharp edges. It replaces a pixel by the median of all 

pixels in the neighbourhood of small sliding window. 
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Adaptive Histogram Equalization: One of the challenges 

associated with fundus images is uneven illumination. 

Some areas of the fundus images appear to be brighter 

than the other. The quality of an image can be improved 

using image enhancement techniques. Adaptive 

Histogram equalization is a constant enhancement 

technique which provides an enhanced method for 

modifying the dynamic range and contrast of an image 

by altering the image. It is finding of cumulative 

distribution function for a given probability density 

function. The small area of pixels, considered to be 

noise, is removed after applying morphological 

operations. Post the transformation, the probability 

density function of the output will be uniform and the 

image will have high contrast. 

B. Feature Extraction 

The features such as blood vessels, exudates, micro-

aneurysms and optic discs are extracted for further 

analysis. In this extraction process the morphological 

operations such as opening, closing, erode and dilate are 

used [13, 14]. This image is converted into a binary 

image. The logical operations („AND‟, „OR‟) and 

filters like „colpit‟ are applied and the segmentation is 

done for exudates, micro-aneurysms and blood vessels 

[15, 16]. 

Blood Vessel: Kirsch‟s non-linear edge detector is used 

to search the maximum edge in a few determined 

directions. Taking a single mask and rotating it to 8 

major compass orientations (East, West, North, South, 

South-East, South-West, North-West and North-East) 

helps find the edge direction based on the maximum 

magnitude produced. 

 

Figure IV: Kirsch Operators 

 

Figure V: Actual result of Blood vessels extraction 

Exudates: Small yellow white patches with sharp 

margins and different shapes. Exudates are one of the 

early occurring lesions. 

The method attempts to detect hard exudates using two 

features of this lesion: its color and its sharp edges. The 

coloured fundus image is split into number of non-

overlapping blocks. For each block of the image, the 

coloured histogram is calculated. The threshold value, 

based on the colour histogram, is used to detect 

exudates. 

Hard and soft exudates are separated based on the 

chosen threshold value. 

Soft exudates are often called „cotton wool spots‟ and 

are more often seen in advanced retinopathy. 

 

Figure VI: Actual result of Exudates extraction 

Microaneurysms: These are the first clinical abnormality 

to be noticed in the eye. They may appear in isolation or 

in clusters as tiny, dark red spots or looking like tiny 

haemorrhages within the light sensitive retina. Their 

sizes range from 10-100 microns i.e. less than 1/12th the 

diameter of an average optics disc and are circular in 

shape [7]. 

From analysis and experiment, the pixel count for 

candidate microaneurysm ranges from 30 to 5000 pixels 

for a (1320x1024) image. An area less than the range of 

30 to 5000 pixels is regarded as a background noise. 

 

Figure VII: Actual result of Microaneurysms extraction 

Optic disc: The image is filtered in order to eliminate 

large gray level variations within the papillary region. 

The vessels are filled applying a simple Closing 

operation. Classical Watershed transformation is applied 

to the gradient to detect contours of the optic disc. 

 

Figure VIII: Actual result of Optic disc extraction 
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C. Disease severity: 

severity of the disease is measured depending on the 

area calculated from the pre-processing and feature 

extraction. Depending on the severity, there are three 

categories such as mild, moderate and severe stage. A 

treatment can also be based on the severity. Certain 

known treatments are Vitrectomy, Scatter laser 

treatment, Focal laser treatment and Laser 

photocoagulation. 

IV. RETINAL IMAGES - PUBLIC 

DATABASES 

We have referred to primarily two image databases here. 

A. DRIVE Database 

The DRIVE database has been established to enable 

comparative studies on segmentation of blood vessels in 

retinal images. Test the database research community on 

their algorithms and results through this Web site [10] 

other researchers invited to share with the drive of the 

diabetic retinopathy screening photos database program 

was obtained in the Netherlands. The tests were carried 

out on four hundred diabetic patients between age 25 to 

90 and images were captured in JPEG format [10]. 

Canon CR5 3CCD camera with a 45 degree field of 

view was used to capture the images. 

B. STARE Database 

Gaze (retinal structural analysis) project conceived by 

Michael Goldbaum, MD, University of California, San 

Diego in 1975. It was launched in U.S. and was funded 

by the national institutes of health. More than thirty 

people with backgrounds ranging from engineering to 

medical science contributed to the project. Clinical 

images were provided by University of California and 

the Veterans Administration Medical Center, San Diego 

[12]. 
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