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Abstract: Diabetic Retinopathy (DR) is a serious eye disease
caused to human beings having diabetics. DR will affect the retina
of the eye and even it may lead to complete blindness. It is essential
to have an early treatment for the diagnosis of DR to avoid
blindness. There are many physical tests like visual test, pupil
dilation to detect retinopathy but all are time consuming
processes. For diabetic retinopathy, it needs a continuous
monitoring process. The main objective of this work is to detect
diabetic maculopathy which is one of the major retinal
abnormalities found among diabetic persons. Diabetic
maculopathy is detected using image processing technique. In
image processing techniques, we use image pre processing to
reduce the noise and use segmentation process to extract the
features of the macula. After that the features are compared using
the classifier algorithm and the performances are measured using
the accuracy, sensitivity and specificity.
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I. INTRODUCTION
Now a days diabetic is one of the major and dangerous
diseases by which the entire human community is suffering.
Currently all age group people get for diabetic. The person
with diabetic not undergoing a regular treatment and
monitoring process gets in to diabetic retinopathy. Diabetic
Retinopathy is a medical abnormality caused to human eye
which affects the retina due to the leakage of fluid from blood
vessels to retina. The fluid from the blood vessels affects the
sensitive tissues at the retina. Diabetic Retinopathy (DR) is
classified in to two major types; one is proliferative diabetic
retinopathy (PDR) and other is non-proliferative diabetic
retinopathy (NPDR). In NPDR the disease severity can be
categorized in to mild, moderate and sever. In manual
treatment monitoring and detecting DR is a time consuming
process. To avoid that computer aided systems can be built to
reduce the manual process and make the system fast and more
accurate in detecting the severity of the disease. The main
aim of computer aided systems is to give guidance to the
ophthalmologist for the prediction of diabetic maculopathy.

The main drawback of the computer aided systems is the
accuracy of the prediction . In this work, we develop a
computer aided system which detects diabetic maculopathy in
an effective manner using image processing techniques. The
system is built using MATLAB under windows environment.
MATLAB is chosen due to its powerful support towards data
analysis and visualization.
II. LITERATURE SURVEY
In [2] the authors implemented a method to detect the optic
nerve in fundus images and they used a novel algorithm called
fuzzy convergence to detect the origin of blood vessel
network. Their algorithm has been compared with some other
similar algorithms like least squares and Hough space based
and found their algorithm performs well and produce 89 %
accuracy in correct detection of images.
In [3], different methods of color image segmentation have
been discussed by the authors and a comparative study has
been done to find out the algorithm for segmentation process.
Optic Disk (OD) detection is the vital step in developing a
system which detects the severity of DR. In [4], they
developed a system which detects DR which uses a template
based method for segmentation OD. In this method, first the
OD containing in the sub image is extracted from the main
image and then the optic disk pixel and its surrounding
regions are selected. From this study, the authors concluded
that circular approach for OD segmentation shows high
success rate. [5] proposed another adaptive method for
automatic segmentation of OD from color fundus images. The
approach has been used to detect the vascular tree and then
algorithm for locating OD is used after locating the OD the
OD boundaries has been detected. The proposed method uses
DRIVE and DIARETDB1 databases for experimental
verification and conclude that the proposed method has high
performance that any other similar methods for OD
segmentation and OD boundary detection.
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In Otsu’s method, the interclass variance of pixels is
minimized using a threshold value [6]. Using this, macula
region is segmented. The resulted image will be threshold by
automatic selected threshold level [7]. The threshold value is
the normalized value in the range [0, 1]. In [8] minimize inter
class variance is defined as a weighted sum of variances of the
two classes:

III. PROPOSED METHODOLOGY
The architecture of the proposed system is given below.

(1)
Here weights
are the probability of two classes which
are separated by threshold t,
are the variance of two
classes. The class probability
is then computed
(2)
(3)
In this segmentation process, we can also find the thickness of
the blood vessel present in the macula region.

Fig 1. Proposed System Flow

D. Feature Extraction

A. Image Acquisition
This is the first step in most of the computer aided design
(CAD) system that is used for the detection of DR. Here we
get the input images from the publicly available databases
such as DIARETDB1, Indian Diabetic Retinopathy Image
Dataset (IDRiD), Structured Analysis of Retina (STARE)
database. The images are obtained from the dataset as a query
image.

Human eye has many features such as blood vessels,
Exudates, Microaneurysums, Optic disk, Edema and local
features like thickness, size, Local binary patterns, color
Moments etc. are used to identify the severity of the DR [9].
In our work the local features which play important role in
identifying the severity of DR is extracted and given as an
input for the classification algorithm.
E. Clasification

B. Pre Processing
After getting input of the images, all of them are pre processed
using the following techniques:
i. Image Resizing - All the images are resized into 256 X
256 sized images for the processing.
ii. Color conversion - All the color images are
converted in to gray scale image so that it’s easy to
further processing. If more color involves, then our
processing task will become difficult.
iii. Channel Separation - An RGB image will contain
three channels but our gray scale images will have
only one channel. It is easy to separate the grey and
white channels.
iv. Bilateral Filtering - Filtering step is done to enhance
some features of images. Bilateral filtering is a
smoothing filter which will maintain the originality
of the edges in images. It is also a noise reducing
filter.
C. Segmentation

Classification is the process of categorization of related
objects or pixels. Classification is an image analysis process.
Image classification process analysis the properties of the
image features and organize the data into categories.
Classification stage involves two phases one is training phase
and other is testing phase. Several classification algorithms
are available in the market among them Support Vector
Machine (SVM) algorithm plays a vital role. In our work, we
propose a novel Probabilistic Neural Network (PNN) based
SVM algorithm for classification. PNN is a feed forward
neural network mainly used for classification and pattern
recognition. When the input is given the first layer computes
the distance between the input vector and training input vector
and it will produce a vector whose elements are close to the
training input. The second layer sums all these for a class of
input to produce net output vector of probabilities. As a final
the second layer picks the maximum of these probabilities and
produce 1 or 0 for the classes. The architecture of PNN is
given in Fig. 2.

Segmentation is a common technique in digital image
processing and analysis. It is the process of dividing the
images in to a group of pixels or regions based on their
characteristics. It involves the separation of foreground image
from the background image. There are many segmentation
algorithms available, however in our work we implemented
Otsu’s segmentation algorithm for segmentation process.
Otsu’s method performs thresholding on two dimensional and
three dimensional gray scale images to create a binary image.
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Fig. 2. Architecture of PNN
Fig. 3. Input image

The following is the high level algorithm which briefs how
PNN works.
Step 1: reads input vector and feed to the network layer in
each class.
Step 2: for each:
hidden nodes, it computes the Gaussian function
value.
Step 3: for each
group of hidden node, assign all the input functional
values to the output node.
Step 4: add all the inputs and multiply the sum by a constant
at each output node.
Step 5: find the maximum value at each node.
SVM is a supervised learning method for classification [10].
SVM uses training vectors and pair of input-output to build a
model. That model is used to predict the class to which the
data belong. svmtrain and svmclassify are the two Matlab
functions used in classification of data. As a result of this
stage, we classify two classes one is a normal macula and
other is an abnormal stage of macula candidate in the dataset.

Fig. 4a. Gray Scale Image

F. Performance Evaluation
After the classification of candidates in the dataset is over, the
performance of our classifier is evaluated based on Accuracy,
sensitivity, specificity, F1-Score, Overlap values. The
accuracy, sensitivity and specificity values can be classified
as in [11].
Fig. 4b. Color converted Images
IV. EXPERIMENTAL RESULTS
A detailed analysis has been made to study the
Performance of our proposed system to detect diabetic
maculopathy. Our system was implemented in MATLAB
R2015b with windows operating system. Correctness of the
proposed system is evaluated in terms of accuracy that is how
accurately detecting the presence of pathologies. For our
experimental evaluation we have taken images from the
publicly available retinal dataset DIARETDB1 [12]. Fig. 3 is
the input image taken for our work. Then the input image is
converted in to gray scale image and subsequently the red,
blue and green channel images are also obtained using color
conversion technique which is shown in Fig. 4a and Fig.
4b.The below mentioned figure shows the results obtained in
our work.
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After the channel separation by applying filter, we get the
filtered image i.e. enhanced image which is ready for
extracting the required features for predicting the severity of
DR. Fig 5 shows the blood vessel extracted and macula
detected image along with some feature values.
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system performs well when compared with other algorithms
or techniques used in some other state of art approach.
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V. CONCLUSIONS
In this study we proposed a novel technique for detecting the
maculopathy in diabetic patients using the image processing
technique. We designed a system in GUI environment which
will assist the ophthalmologist in taking decision regarding
the disease severity of patients. There are many algorithms
and techniques available to detect diabetic maculopathy our
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