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Abstract-The complication of people with diabetes causes an illness
known as Diabetic Retinopathy (DR). It is very widespread among
middle-aged and older people. As diabetes progresses, patients'
vision may deteriorate and cause DR. People to lose their vision
because of this illness. To cope with DR, early detection is needed.
Patients will have to be checked by doctors regularly, which is a waste
of time and energy. DR can be divided into two groups: nonproliferative (NPDR) while the other is proliferative (PDR). In this
study, machine learning (ML) techniques are used to diagnose DR
early. These are PNN, SVM, Bayesian Classification, and K-Means
Clustering. These techniques will be evaluated and compared with
each other to choose the best methodology. A total of 300 fundus
photographs are processed for training and testing. The features are
extracted from these raw images using image processing techniques.
After an experiment, it is concluded that PNN has an accuracy of
about 89%, Bayes Classifications 94%, SVM 97%, and K-Means
Clustering 87%. The preliminary results prove that SVM is the best
technique for early detection of DR.

DR is an illness that is hard to cope with, imaging the
population of a human being. It is a fact that from the patients
who are examined, 10 percent are found to carry PDR.
According to test results, early detection and treatment may
prevent about 96 percent of the vision reduction seen in DR [3].
That is why regular control of the eyes is needed, which means
a waste of time, energy, and money. To detect DR, we offer a
new methodology using Machine Learning (ML) techniques.
Fig. 1 (a) is the sample input image, and Fig. 1 (b) is a grayscale
image of the fundus obtained. Fig. 1 presents the process of
converting the sample input (RGB) image into a grayscale
image. First, the original fundus image is converted to grayscale
to obtain a bright feature. Then, some processes are applied in
MATLAB to get dark lesion and entropy values. Finally, these
processes are carried out to clarify the distortions in the image.

Keywords: Diabetic Retinopathy, Fundus Images, Retina,
Support vector machine, K-Means Clustering.

I. INTRODUCTION
A disease, middle-aged and older people, caused by high
blood sugar levels is called Diabetic Retinopathy (DR). As the
level of blood sugar changes, severe alterations occur in the
retina's blood vessels [1]. In the first stages, it seems normal,
and no ordinary actions take place. However, as the disease
progresses, the retinal vessels are extremely damaged, which
leads to endothelial cell loss. As time passes, it gets worse and
causes vision loss. Both eyes are affected by the illness. We
focus on two types of DR; the first one is proliferative DR
(PDR), and the second one is non-proliferative DR (NPDR) [2].
When it comes to symptoms, we focus on six symptoms shown
in Table.
Table 1: Symptoms of DR
1.

Black Spots

2.

Blurred Vision

3.

Poor glucose control

4.

Raising fat level in the blood

5.

Difficulty in reading

6.

Sudden loss of vision

Figure 1: a) Sample Input Fundus Image b) Grayscale image

In the flowchart (Fig. 2), the operations applied to the image are
shown. First, 300 fundus images are obtained from some
accredited sources; then the images are applied image
processed method to get optic disk location, remove blood
vessels and grayscale with feature extraction [4]. Then, when
the images are ready to be processed for ML techniques, we
apply PNN, Bayesian Classification, K-Means Clustering, and
SVM; later, these methods are compared to find the most
accurate technique. Finally, we put the images into three
groups, namely, normal image, Non-Proliferative Diabetic
Retinopathy (NPDR), and Proliferative Diabetic Retinopathy
(PDR) [5].
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III. METHODOLOGY
In this section, we study how images are found and how they
have been processed. A lot of application is used to have the
desired results.
A. Pre-processing of Images
To remove the unwanted distortions from the images, we apply
image processing. It is done in two ways: The first is to remove
the unnecessary parts, and the second is to enhance the
important parts. All 300 images are taken from credential
sources (http://webeye.ophth.uiowa.edu/ROC/). They are
accredited retinal images, including both healthy and unhealthy
images, 600 x 600 pixels, but they were converted into 256 x
256 pixels. The input sample images used in the RGB format as
seen in Fig. 3 (a) and grayscale conversion in 3 (b).

Figure 3: a) Green Channel Image b) Image Contrast
Figure 2: Flow Diagram of the Study of Diabetic Retinopathy

The remainder of this paper is organized as follows. Section 2
describes related work. Section 3 explains the methodology,
image processing ML techniques. Section 4 describes the
results of the experiments. Finally, section 5 gives the
conclusion.

It is to remove the uneven illumination in the retinal images'
gray level shading. To turn the images into grayscale, a special
application was created. First, it inputs the image one after
another and converts it into greyscale. Then it generates a
digital number for each image from 0 to 256 in a matrix form;
with this application, the images can be turned into sharpening
and blurred format presented in Fig. 4 (a) and 4 (b).

II. LITERATURE REVIEW
There are many works in the literature. To classify the
detected features, there is the group organized [6]. A lot of
classifiers have been tried on these groups. NN, fuzzy C,
Clustering, SVM, and simple Bayesian classification are some
of these examples used for DR detection. Veera Senthil Kumar
et al. [2015], in their work, focus on obtaining an optic disk
center. Faust et al. [2012] studied recognizing DR with machine
learning techniques. Zhu et al. [2016] write about Retinal blood
vessel segmentation in DR image using a maximum tree. As
Shojaeipour et al. [2014] show, various characteristics may be
extracted from retina images. It is an important port to discover
the useful features to detect DR. Zaman [2016] focuses on a
Bayesian detection algorithm that classifies the changes in
retinal fundus image to diagnose DR.
In recent years there have been many studies on the
automatic diagnosis of DR using ML techniques. Banumathi
[2003] is one of these researchers who has analyzed some
techniques to detect the blood vessels in fundus images.

Figure 4: a) Sharpen Images b) Blurred Images

B. The Detection of Optic Disk
It is the brightest part of a healthy eye and is seen as a bright
yellowish or white region in a fundus image [7]. Exudates have
similar values, so it is important to eliminate optic disk (OD)
from the retinal image; the removal of OD is necessary. By
following the pre-processing, edge detection algorithms are
used to find OD and blood vessels.
Canny edge detection is used for counter detection [8]. The
Canny edge detection algorithm enhances blurred edges by
preserving all local maxima of the gradient, which is detected
the boundaries of features optimally. The logical black and
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white functions are used to create and then invert the image to
create a mask image, as in Fig 5.

Figure 5: a) Canny Edge Detection b) Optic Disk Detection

C. Eliminating Blood Vessels in the Fundus Images
It is a process to eliminate the blood vessels. Because blood
vessels exist, a major sign of DR [9] may be mistaken for
exudates, so it is necessary to remove them. For this process,
we are using mathematical morphology, which has opening and
closing operations.
Blood vessels behave as a landmark for optic disc detection,
exudates [10]. Therefore, morphological methods have been
benefitted from detecting blood vessels. Firstly, the
morphological closing operation is applied on the contrastenhanced image (Fig 6 (a)) followed by filling operation then it
is ready for blood vessel detection (Fig. 6 (b)).
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operators to detect structures with defined shapes. Different
morphological operators were used for exudates detection in the
work of Sopharak et al. [2013] and Pachiyappan et al. [2012] in
their studies. They show the importance of automated DR
diagnosis as proof that blood vessels, exudates, and optic disks
can be accurately detected in the images. These findings are
done with the help of different image processing algorithms and
mathematical morphological operations.
The second method to eliminate blood vessels in the fundus
image uses a MATLAB function called "Bwareaopen" [11].
The function was used on the fundus image to remove all the
connected components with fewer P pixels to produce another
binary image. The value of P is taken as 100 pixels [12] to have
a good view of blood vessels (Fig. 6 (a) and 6 (b)). Finally, the
obtained blood vessels are seen in Fig. 5 (a) have been
subtracted from the edge of blood vessels with exudates.
D. Bayesian Classification
Bayesian classification (BC) is a statistic-based classifier
used to analyze the discriminant functions [13]. BC method is
derived from the Bayes theorem, and it is based on the
probability distributions of the attributes.
A train set is used that contains class information, and it
predicts which class belongs to the anonymous class test data
[14]. DR is easily detected with the help of BC. A classifier
assigns an input vector such as x to class. The BC method takes
advantage of Gaussian distribution to estimate the class of
sample data to be tested [16]

X is the feature value of dimensions of the fundus image
B(x) the probability of feature valves.

Figure 6: a) Contrast-enhanced Image b) Blood Vessel Detection

as

The operation steps can be defined in the algorithm shown

The thresholding done on the images leads to a reduction of
gray levels to detect the blood vessels. In their study, Valverde
et al. [2016] showed that the algorithms employed
morphological

E. Probabilistic Neural Network
A probabilistic Neural Network (PNN) is another proposed
method composed of interconnected processing units [15]. In
PNN, neurons are organized in successive layers. When the
sample fundus image is received, the pattern layer neurons
compute the required output [16]. Fig. 7 shows that the
Gaussian Kernel is used as the initiation function in the training
set [17]. The number of layers and categories are equal, as seen.
The outgoing signals may be adjusted in terms of loss and prior
probability value [18]. The classification result stands for one
neuron in the output layer. The activation function is an
argument as max (M1…Mn) function. Let's assume that X is
the input data to the testing layer for values varies from 100 out
of 300 images and the rest 200 fundus images corresponding to
the feature vector. The training set may be handled, and the
output layer has a value for each pattern classification [19]. This
method has been applied to three known classes which are
Normal, NPDR, and PDR
In Fig. 7, as, seen PNN has four layers. As seen,n three input
layers create a six-Dimensional vector (X4……X9). Every
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image contains the feature of the input vector called the pattern
describing the operation. Our proposed design PNN model puts
the fundus image in three classes as Normal, NPDR, and PDR.
When the input layer is checked, the number of neurons and
input features are found equal [20].
The sum of the total neurons represents patterns for each
category. As a result, PNN has an accuracy of 89.71%

Figure 8: SVM is Applied Process

G. K -Means Clustering
The features are extracted from the retinal images using the
K-Means algorithm for classification. K-Means Clustering is
one of the algorithms used that's benefitted in the current study.
The purpose of K-Means is to find out which cluster uses the
feature extraction method. The mathematical method used for
the study, especially in MATLAB, inbuilt functions. Table 2
presents the steps of the K-Means algorithm.
Table 2: The steps of the K-Means algorithm

Figure 7: PNN used for Detecting Diabetic Retinopathy

F. Support Vector Machine
Support Vector Machine (SVM) is a supervised learning
algorithm based on the statistical learning theory and depending
on the principal reduction of the structural risk [21]. It is a
method of learning aimed at solving classification and
regression problems. What is important in SVM is to determine
a hyperplane that optimally separates two classes using a
training dataset [22].

1.
2.
3.
4.

Determination of cluster of fundus image centers
Classification of off-center image samples by distance
Determination of new fundus image centers
Repeat steps 2 and 3 until a stable state

When the K-Means algorithm is applied to the obtained
information about blood vessels, it can benefit grading DR
severity. As seen in Fig. 9 (a-b), the parts are visible. Using KMeans Clustering we can select to extract the features in each
local in advance before it is used for classification. The function
of selecting the feature extraction (Fig. 9a-b) is to select the
results having a big difference between class and the
unimportant feature extraction results.

Assume {xi, yi}in=1 be the training dataset where x is the
input sample, and y {+1, -1} is the label of class. The
hyperplane is defined as w.x+b=0, x is the point lying on the
hyperplane, ||w|| defines the orientation, b is the bias.
Hyperplane ||W||2 must be minimized [23]. Fig. 8 shows that in
the fundus image, there are damaged areas and healthy areas.
SVM is used to separate these areas at optimal results.

Figure 9: K-Means Clustering Images a) Before b) After

After the digital numbers were used in MATLAB, we found
that the patients are found with NPDR (Fig.10)
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Figure 10: NPDR found in MATLAB
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Fig. 10 and 11 show that the range and mode in the control
group are larger than the similar values in patients' data.
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Figure 11: Control Group after MATLAB Statistical Analyses

IV. EXPERIMENTS' RESULTS
300 images are used to get the results. 200 images for
control and 100 are used for the training set, 50 out of which
are normal eye fundus images; fundus images are identified
NPDR. The results are not surprising as in the literature; there
has been similar work from which the current study separates
in that it compares all four techniques and finds the best with
the most efficient performance. The results are as PNN has an
accuracy of about 89.71%, Bayesian Classifications 93.94%,
SVM 97.45%, and K-Means Clustering 85.40%. The results
prove that SVM is the best technique for early detection of DR
V. CONCLUSION
In this study, we focus on several ML techniques for DR
detection. It is found that the early detection of DR can reduce
the risk of vision loss up to %76 [24]. Also, this work presents
a novel model to diagnose DR based on ML techniques. Among
all of these techniques, it can be said that SVM is the best with
a percentage of 97.3, Naive Bayes Classification %86.4, and
PNN with a percentage of %78 K-Means Clustering is %81
percentage. It can be concluded from the study that the results
are promising.
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