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Abstract- Diabetic retinopathy is damage to the retina caused by complications of diabetes mellitus, which is the most ordinary
cause of blindness among adults. Ophthalmologists still uses manual screening technique for diabetic retinopathy detection.
But, the manual screening process is complicated and time consuming. Hence, this paper demonstrates the use of advance
genetic algorithm and local binary pattern on fundus image to reduce workload associated with manual screening process. The
primary aim of the system is to develop a system that will able to identify patients with Diabetic retinopathy from the fundus
image and secondary aim to perfectly classify an image into different stages of retinal disease using fuzzy logic.

1. INTRODUCTION:

Diabetic retinopathy is damage to the retina caused by complications of diabetes mellitus, which can eventually lead to
blindness. It is an ocular manifestation of systemic disease which affects up to 80% of all patients who have had diabetes for
10 years or more. The detection of hemorrhages is one of the important factors in the early diagnosis of diabetic retinopathy
(DR). The existence of hemorrhages is generally used to diagnose DR or hypertensive retinopathy by using the classification
scheme, [9]. Diabetic retinopathy (DR) remains the commonest cause of blindness in the working age population of the
developed world. Effective treatment is available if the condition is detected early, before visual symptoms occur. The need
for a comprehensive DR screening programme has long been recognized and it is now feasible,[8]. It is a silent disease and
may only be recognized by the patient when the changes in the retina have progressed to a level, that treatment is complicated
and nearly impossible,[13]. This disease can be prevented from developing into blindness if it is treated at an early stage.
Fundus photographs obtained by the fundus camera are used to diagnose DR. Background Diabetic Retinopathy is the result
of two major processes affecting the retinal blood vessels: vessel closure and abnormal vessel permeability.

1.1 Retinal Blood Vessel Closure:
The earliest vessel closures in diabetic retinopathy are usually the capillaries. These small
vessels are critical to the health of the retina, since they are needed to deliver oxygen and nutrients to the area and to carry
away carbon dioxide and other waste products. The source of this capillary closure is not completely understood. Theories as
to why these vessels close off include:
e  Clumping of blood cells or other blood elements.

»  Abnormality or damage to the endothelium (the cells lining the inner wall of the

«  capillary).

»  Swelling of an abnormally permeable vessel wall.

»  Compression of the capillary by surrounding retinal swelling.

Color Retinal Photograph Fluorescein Angiogram

Neovascularization

Cotton Wool Spots Capillary Closure

Microaneurysms Microaneurysms
Fig 1.1: Retinal capillary closure
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1.1.1 Abnormal Vessel Permeability:

Retinal blood vessels are different from vessels elsewhere in the body. Most blood vessels are fenestrated, meaning that they
have tiny openings that allow fluid to pass through the

vessel wall. The openings are small enough to prevent the egress of larger blood elements such

as blood cells and large proteins, but large enough to allow water and small molecules such as ions to pass. Retinal blood
vessels, on the other hand, have tight junctions between the cells of the blood vessel wall, so all fluid and molecules exiting
the vessel have topass through the cells. This lack of fenestration helps keep the retina relatively dehydrated, which is
necessary for proper function. In diabetic retinopathy, the vessels become more permeable. Water, blood cells, proteins, fats,
and other large molecules may leak out into the surrounding retinal tissue. Accumulation of this fluid in the central region of
the retina (the macula) is called macular edema or diabetic maculopathy. Diabetic Maculopathy is the most common cause of
decreased vision in patients with background or non-proliferative diabetic retinopathy. It is visible on examination as a
thickening and slight graying of the retina, and is often associated with exudates (yellow clumps or spots within the retina).
Exudates are the result of fats and proteins leaking out of the permeable vessels along with water. The water can be quickly
reabsorbed into the vessels or into the tissue under the retina, but the fatty material is absorbed only very slowly. These fatty
exudates are left behind like a "bathtub ring", often in a ring-like shape surrounding the leakage site.

Normal Vision Diabetic Retinopathy

Figure 1.3 Normal image and Diabetic retinopathy image
Normal retina Retinopathy

Macula Optic
disk

Figure 1.4: fundus images (a) Healthy, (b) DR(with microneurysms and haemorrhage)
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1.1.2 Fundus Images:

The human eye is structurally organized similar to a camera. Light that passes through the iris is focused onto the retina
through a lens. Retina is the sensory membrane that lines most of the large posterior chamber of the vertebrate eye. The
visual information is encoded in the retina, and transmitted to the brain through the optic nerve.

The human eye has a circular opening called the pupil through which light enters the eye and reaches the retina. Fundus
imaging systems use this opening to capture the image of the retina. The main structures that can be visualized on a fundus
photo are the central and peripheral retina, optic disc and macula.

Analysis for detecting DR

Ophthalmologists can visually examine a patient’s retina using a small portable instrument called an ophthalmoscope. It
consists of a set of lenses and a light source, permitting the ophthalmologist to view regions of the patient’s retina.

Digital fundus photography thus opens the possibility of large scale DR screening, where diabetic patients can be routinely
checked for DR. The screening process can significantly reduce the workload of the ophthalmologists and the health costs in
the diabetic retinopathy screening.

Further, the manual analysis may be augmented by using computer-based tools. For example, an image analysis system that
automatically determines if microneurysms, hemorrhages and exudates are present, can reduce the work load of
ophthalmologists, by showing them only those cases which are abnormal, and directly archiving the normal cases.

1.2 Contributions:

The thesis documents the following contributions:

The histogram equalization for image processing is applied for the analysis of the fundus images, then advance genetic
algorithm is used for images segmentation, and fuzzy rules are applied on the processed image to classify in different stages
is discussed broadly.

It also includes datasets of various fundus images of eyes captured with the help of fundus camera.

The systems are conceptualized as the core of an automated Diabetic Retinopathy screening solution.

1.3. focus of the thesis

This thesis aims to demonstrate the use of advance genetic algorithm and fuzzy logic by applying them for the detection of
diabetic retinopathy in fundus images of retina.

The advance genetic algorithm is used for image segmentation. A fuzzy logic is to perfectly classify an image into different
stages of retinal diseases. The designed system and algorithms are a step towards achieving automated screening as a support
tool for clinicians and medical practitioners.

2. LITERATURE SURVEY:

A handful of researches have been presented in the literature for Diabetic Retinopathy using various methods. Recently, the
use of automation method using fundus images for DR has received a great deal of attention among researchers. A brief
review of some recent researches is presented here.

Aliaa Abdel-Haleim Abdel-RazikYoussifet al [2] stated that the Optic disc (OD) detection was a main step while developing
automated screening systems for diabetic retinopathy. They present a method to automatically detect the position of the OD
in digital retinal fundus images. The method starts by normalizing luminosity and contrast throughout the image using
illumination equalization and adaptive histogram equalization methods respectively. The OD detection algorithmis based on
matching the expected directional pattern of the retinal blood vessels. Hence, a simple matched filter was used to roughly
match the direction

of the vessels at the OD vicinity. The retinal vessels were segmented using a simple and standard 2-D Gaussian matched
filter.

V.VijayaKumari and N.SuriyaNarayanan [3] indicated that Diabetic retinopathy was the cause for blindness in the human
society. Early detection of it prevents blindness. Image processing techniques can reduce the work of ophthalmologists and
the tools used automatically locate the exudates. Early detection helps the patients to aware of the seriousness of the disease.
In that paper they present a method which was automatic and involves two steps: optic disk detection and exudates detection.
The extraction of optic disk was done using propagation through radii method. Exudates detection was done using feature
extraction, template matching and enhanced MDD classifiers and the methods were compared.

AkaraSopharak et al [5] indicated that the Microaneurysms was the first clinical sign of diabetic retinopathy. The number of
micro aneurysms was used to indicate the severity of the disease. Early microaneurysm detection can help reduce the
incidence of blindness. That paper investigates a set of optimally adjusted morphological operators used for microaneurysm
detection on non-dilated pupil and low-contrast retinal images. The detected micro aneurysms were validated by comparing
with ophthalmologists’ hand-drawn ground-truth. As a result, the sensitivity, specificity, precision and accuracy were 81.61,
99.99, 63.76 and 99.98%, respectively.

T. Ojala et al. [6], A comprehensive local binary pattern operator for multiresolution gray scale and rotation invariant texture
classification. Presents a hypothetically exceptionally straightforward, yet effective, multi determination way to deal with
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dark scale and revolution invariant surface grouping in light of neighborhood parallel examples and nonparametric separation
of test and model dispersions.

KjerstiEngan et al. [7], Detection of diabetic retinopathy and age-related macular degeneration from fundus images through
local binary patterns and random forests, This paper centers around investigating the execution of Local Paired Pattern (LBP)
as a surface descriptor for retinal pictures to separate amongst neurotic and sound pictures. In spite of the fact that LBP has
been generally used to order surfaces, not much is accounted for on the investigation of the retina surface.

3. SYSTEM ARCHITECTURE
3.1 Data flow diagram:
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Figure 3.2: Data flow diagram.
Figure 3.2 shows the process flow of methodology adopted to carry out the present work. Subsequent subsections describe
the processing of fundus images for detection of Diabetic retinopathy.

3.2 Objective

To develop a system that will able to identify patients with Diabetic Retinopathy from fundus image obtained from the retina
of the patient.

And to perfectly classify an image into different stages of retinal disease using fuzzy logic.

3.3 Motivation :

The main reason behind choosing the topic for our thesis is that we live in a developing country where there is always
shortage of resources to overcome any problem. Therefore, we want to raise an awareness that diabetic retinopathy can be
very dangerous if it is not treated properly in its early stages. Our country has a population of 1.37 billion and 63 million
people have diabetes.

With the help of image processing, we want to help our medical facilities so that detection process becomes easier and none
of the patients goes blind because of diabetic retinopathy.
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Therefore, using automated detection technique we are going to train our dataset to give the best possible outcome to
ophthalmologist. So, that they can worry less about the detection of diabetic retinopathy, and focus more on the proper
treatment of the patients.

4. PROPOSED METHODOLOGY:

4.1 Image processing:

Preprocessing refers to convert the image of eye into a form from which the desired features can be extracted and used for
identification of an individual. Image preprocessing is the preliminary stage of iris recognition system. The purpose of
preprocessing is to isolate the iris region from an eye image. In this step, noise in the iris region due to reflection,
illumination and occlusion because of eyelids or eyelashes is also minimized. A good number of algorithms have been
proposed by different researchers for image processing. In this section we are using Histogram equalization, which is used on
probability density function. The histogram equalization is a technique for adjusting image intensities to enhance contrast.
Histogram is a graphical representation of the intensity distribution of an image. In simple terms, it represents the number of
pixels for intensity value considered. Histogram equalization is a computer image processing technique used to improve
contrast in images. It accomplishes this by effectively spreading out the most frequently intensity values, i.e. stretching out
the intensity range of the image. This method usually increases the global contrast of images when its usable data is
represented by close contrast values. This allows for areas of local contrast to gain a higher contrast. A color histogram of an
image represents the number of pixels in each type of color component. Histogram equalization cannot be applied separately
to the Red, Green and Blue components of the image as it leads to dramatic changes in the image’s color balance. However,
if the image is first converted to another color space, then the algorithm can be applied to the luminance or value channel
without resulting in changes to the saturation of the image.

After extracting or removing the non-region of interest from the input fundus image there are large intensity variations in the
image and one can see that veins and other eye features are not clearly seen there. For making intensity variations uniform |
applied histogram equalization to the image. Histogram equalization is technique which identifies various intensity variations
in the given image and increases its global contrast. Histogram equalization is the most basic technique that equalizes an
image by mapping the narrow range of intensity levels to the wider range of intensity levels available. This technique highly
improves the radiance of the image. The main advantage of this technique is that it preserves the mean of the enhanced image
approximately equal to that of the original image besides suppressing annoying artifacts giving more realistic images.

4.2 ROI:

The ROI algorithm helps us to find the region of interest from the fundus image. As the image is made up of number of
pixels and the pixels are composed of red, green and blue components.

Px=[f(R,G,B)

The total number of pixels present in image are calculated by;

W |

—__J—__f(Rij,Gij, Bij
PtotaI:"r“‘D"r}‘D ( )
And hence image value can be calculated by;
|=f Ptotal

In this section we are setting threshold. If the value of pixels means value of all the components red, green and blue ranges
between threshold value ,then it comes under non-region of interest which is darken and shown in result by red color.
Otherwise, if value is greater than threshold value then it is considered as region of interest.

4.3 Advance Genetic Algorithm:

In the computer science field of artificial intelligence, a genetic algorithm (GA) is a search heuristic that mimics the process
of natural evolution. Genetic algorithms belong to the larger class of evolutionary algorithms (EA), which generate solutions
to optimization problems using techniques inspired by natural evolution, such as inheritance, mutation, selection and
crossover.

In the standard GA process First, a population of chromosomes is created. Second, the chromosomes are evaluated by a
defined fitness function. Each chromosome in the population will be evaluated by a defined fitness function. The better
chromosomes will return higher values in this process. The fitness function to evaluate a chromosome in the population can
be written as fitness. Third, some of the chromosomes are selected for performing genetic operations. Forth, genetic
operations of crossover and mutation are performed.Crossover, It is the process in which two chromosomes (strings) combine
their genetic material (bits) to produce a new offspring which possesses both their characteristics. Mutation, it is the process
by which a string is deliberately changed so as to maintain diversity in the population set.

The produced offspring replace their parents in the initial population. In this reproduction process, only the selected parents
in the third step will be replaced by their corresponding offspring. This GA process repeats until a user-defined criterion is
reached.
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4.3.1 Why use Genetic Algorithm?

Genetic algorithms are a stochastic search algorithm, which uses probability to guide the search. It can find the near global
optimal solution in a large solution space quickly. It has been used extensively in many application areas, such as image
processing, pattern recognition [27], feature selection, and machine learning. Its power comes from its ability to combine
good pieces from different solutions and assemble them into a single super solution.

The advantage of the GA approach is the ease with which it can handle arbitrary kinds of constraints and objectives; all such
things can be handled as weighted components of the fitness function, making it easy to adapt the GA scheduler to the
particular requirements of a very wide range of possible overall objectives.

4.4 Local Binary Pattern:

Local binary pattern is a simple yet very efficient texture operator which labels the pixels of an image by thresholding the
neighborhood of each pixel and considers the result as a binary number. Due to its discriminative power and computational
simplicity, LBP texture operator has become a popular approach in various applications. It can be seen as a unifying
approach to the traditionally divergent statistical and structural models of texture analysis. Perhaps the most important
property of the LBP operator in real-world application is its robustness to monotonic gray-scale changes caused, for example,
by illumination its computational simplicity, which makes it possible to analyze images in challenging real-time settings.
Computation of the LBP descriptor from an image is a four-step process and is eexplained below.

For every pixel (X,y) in an image, I, choose P neighboring pixels at radius R.

Calculate the intensity difference of the current pixel(x,y) with the P neighboring pixels.

Threshold the intensity difference, such that all the negative differences are assigned 0 and all the positive differences are
assigned 1, forming a bit vector.

Convert the P-bit vector to its corresponding decimal value and replace the intensity value at (x,y) with this decimal value.
Thus, the LBP descriptor for every pixel is given as

LBP(P,R)=> P=0P-1f(gp-gc)2p

Where gc and gp denote the intensity of the current and neighboring pixels choosen at a radius R.

4.5 Fuzzy Disease Prediction:
Fuzzy rules are the rules when we applied we get frequency of occurrence of disease. If count is equal to 1 then display

disease with maximum no. of occurrence of frequency or display disease name with all max frequency of occurrence.
Result:

Input Image Preprocessed Image GA-Segmented Image Infected Region

EE® O

Figure 4.3: (a) Input image,(b) pre-processed image, (c) GA- segmented image, (d) infected region

Output of LBP:

ROI Image Extracted Feature

Figure 4.4: (a) ROI image, (b)Extracted feature
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4.6 Result after applying fuzzy rules:

Disease_Name  Frequency_Count
Diabetic Retinopathy j
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