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Abstract— Diabetic Retinopathy (DR) is the retinal disorder arises on diabetic patients and in many cases it may lead to
vision loss. The early retinal examination is essential to avoid Diabetic Retinopathy and there are different types of
detection methods are available to recognize DR. This paper presents a comparison of different Diabetic retinopathy
detection methods and proposes one based on DWT and neural network. The proposed method is developed by extracting
image’s feature points by using Discrete Wavelet Transform (DWT) and applying this feature points to neural network
to classify the images into 5 stages- Normal, mild NPDR, Moderate NPDR, Severe NPDR and PDR. The experiment
result shows that proposed method is give better output as compared to existing methods.

IndexTerms—Diabetic Retinopathy, DWT, Neural Network, Retinal image.

I. INTRODUCTION
The Diabetic Retinopathy is the retinal disease arises on diabetic patients. It damages the small blood vessels present in retina
which may result in leaking fluid and distorting vision [1-3]. After 10 years of diabetes about 20% of patients develop serious
visual impairment and it becomes more affected and danger with age. According to the study, the early finding of retinopathy
stage can lower the danger of vision loss by 40% [4,5].
There are four different stages of diabetic retinopathy. The condition of DR may increases from no or mild retinopathy to a
much more severe stage. The explanation of Different stages is given as [6-9]:
(a) Mild nonproliferative diabetic retinopathy: it is the first stage of DR. In this stage the retina’s small blood vessels are started
to swell which is called microaneurysms.
(b) Moderate nonproliferative diabetic retinopathy: in this stage the swelling increases and the blood vessels started to distort.
(c) Severe nonproliferative diabetic retinopathy: in this stage the many blood vessels are blocked due to which blood supply to
retina areas are deprived.
(d) Proliferative diabetic retinopathy: it is the last and most dangers stage in which new fragile blood vessels of retina can begin
to grow. This new vessels can leak blood and pull on the retina as they grow which causes of vision loss. The retinal image
of normal and DR affected image is shown in fig. 1.
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Figure 1. Retinal image

The early identification of diabetic retinopathy can effectively decrease the risk of visual loss. For the detection process the
digital image processing technique become more popular [10-12]. In this paper we propose digital image processing technique
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based on DWT and Neural Network for automatic identification of Diabetic retinopathy. We also compared the proposed method
with well known DR detection methods.

1. Related work

An extensive study of related research works has been made. A brief overview of the existing DR identification technique using
different digital image processing technique is reported here:

Ren F et. al [13] propose an ensemble based adaptive over-sampling machine learning algorithm for overcoming the class
imbalance problem in the false positive reduction, and they use Boosting, Bagging, Random subspace as the ensemble framework
to improve microaneurysm detection.

Neto et al. in [14] presented an unsupervised coarse segmentation approach for vessel detection with an average accuracy of
87%. They incorporated multiple concepts, i.e., mathematical morphology, curvature, and spatial dependency, with the coarse-to-
fine method to accurately define thin and elongated vessels from vessel pixels. However, the algorithm was unsuccessful in the
determination of the vessel diameter and was also found to be less satisfactory at segmenting vessel structures on low contrast
images.

Sarathi et. al [15] presented a real-time approach for OD segmentation, in which the disc boundary was extracted after the
removal of vessels using a region growing adaptive threshold and ellipse fitting methods. This method is tested on standard
databases - MESSIDOR and DRIVE with an accuracy of 91%.

An adaptive threshold approach was applied by Issac et al. in [16] for disc and cup segmentation. Color features, e.g., mean
and standard deviation, were computed from the fundus image and then applied for the subtraction of background parts of the OD
and OC. Finally, OD and OC boundaries were extracted from the red and green channels. The authors reported an accuracy of
92%. However, their scheme was tested on a small dataset and failed on low contrast images.

Detail analysis of detection of DR by fundus images is presented by Khademi et.al [17] for scientific studies. A new approach
for routine DR detection by using DWT is proposed which extract texture feature from testing fundus images and compare it with
training images. The method was experimented in 38 normal and 48 abnormal images with 79% of Specificity, 85.4% of
sensitivity and 82.2% of accuracy.

The identification of diabetic retinopathy stage based on convolution neural network (CNN) has been developed by Garcia et.
al [18]. Extracting the features from fundus pictures, using image processing technique, and then they are apply to CNN model
which classify the images into different DR stages. This method improves the performance of classification with the specificity
of 93.65% and accuracy of 83.68%.

I11. Proposed System

This paper proposes an automatic DR identification technique by using DWT and neural network. It involve following
steps:

(1) Data collection: The testing database of 112 retinal images (38 normal and 74 abnormal) and the training database of 466
retinal images (101 normal and 365 abnormal) are created. These images are collected from three different hospitals: Aashirwad
Laser & Phaco Eye Hospital Bilaspur, Luthra Hospital Bilaspur and Shri Mahadevam Multispeciality Hospital Raipur.

(2) Preprocessing: The query image and all the images of training Database are resized into 256x256 and converted into gray
image [19,20].

Figure 2. Sample Query Image Figure 3. Gray Imgae

(3) Feature Extraction: In the next step the DWT is applied on the gray images. DWT is the multi resolution characterization
of an image that decode constantly from low to high resolution [21,22]. It divides the image into low and high frequency element.
The high frequency has the information of corner elements and the low frequency is again divided into high and low frequency
elements. In the case of two dimensional applications, for each level of decomposition, DWT firstly implement in the vertical
direction which is followed by the DWT in the horizontal direction. After the first level of decomposition, there are 4 sub-bands:
LL, LH, HL, and HH (Approximation, Horizontal, Vertical and Diagonal band respectively) [23,24].
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Figure 4. DWT Decomposition of Query Image

The feature Points: energy, mean, Standard deviation and skewness of all decomposed images are calculated by using following
formulae [25,26]:

Energy: E = 3(R)?000000000000000000000
fsfsfs[s[s[s[s}s]s
Mean: M= ¥R 0000000000
. 1 wle
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Where P is the intensity of the pixel located at row k and columnl'and N is the total number pixel.

(4) Classification using neural network: Neural Network is the processing system which is modeled to simulate the way of
human brain analyzing the information or data [27, 28]. They are generally used for classification and pattern recognition work.
In this work Probabilistic Neural Networks (PNN) are used to perform classification process. It is a one type of multi-layered feed
forward neural network in which parzen widow and non-parametric function is used to approximate probability distribution

function (PDF) of each class. The structure of PNN is shown in fig. 5.

Figure 5. The Structure of PNN
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PNN is comprises of four layers namely Input Layer, Pattern Layer, Summation Layer and Output Layer. All the feature points
of query and database images are in PNN from input layer which is further transmitted to the next layer which is pattern layer.
Given an input, pattern layer computes the distance between the training feature points and testing feature points and produces
different points to indicate the relatedness between testing and training data [29]. The Radial Basis Function (RBF) is applied to
estimate the probability distribution function N (Iab , pab) for training data a on class b:

— T—— -
_(M_Iab) (M-Iap)
2u2

Py (M) = —5—exp[ ] (5)

Where, M is the input testing points and | is the training data, D denotes the dimension, [ is the smoothing parameter and lab
is the neuron vector. After that the different feature points of different inputs are combined by the summation layer to produce the
net output on the basis of probabilities [25]. Assume f is the total of training examples and W is the weights vector, then the
probability of M belongs to class b is:

Pa(M) = ho1 WapPap (M) (6)
At the last stage of PNN the data is fed into the output layer which transfers the data as a result to the outside world. The sum
for each classes are compare and the maximum possible probabilities are search by using transfer function and produces one for
that class and zero for other [30, 31]. If the number of class is represented by ¢ then the output can be represented as:

Output = arg max(Pa(ﬁ)), fora=1.2...... c @)

The flowchart of the proposed methodology is shown in fig. 6.

Query Image Image Database
Preprocessing Preprocessing
Feature Feature
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Neural
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U

Similarity Matching :> Display Result

Figure 6. Flowchart of the proposed methodology
IVV. RESULTS AND DISCUSSION
The proposed system is developed on MATLAB R2016b and evaluated for 112 testing database and 466 training database.

The overall classification result of testing database using ANN-DWT is represented in table 1 with the comparison of Human
Observer.

Table 1. Classification Results
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Diabetic retinopathy cases Missed
Total | Normal images

cases Mild Moderate | Severe PDR

Human Observer 112 38 31 28 11 4 --

ANN-DWT Detection 112 36 29 26 9 4 8

To measure performance of the system the value of accuracy using true positive (TP), true negative (TN), false positive (FP)
and false negative (FN) is computed by following formula [32]:

TP+TN

_— oo
TP+TN+FP+FN

Accuracy =

Table 2. Accuracy of the Proposed System
TP TN FP FN Accuracy

68 36 2 8 92.86%

To check the usability of proposed system, it was compared with some well known DR detection methods [13-18] in
terms of accuracy as shown in Table 3.

Table 3. Comparison Results of the Proposed Method against other DR Detection Methods

Author Dataset Number of images | Accuracy
Ren F et. al [13] e-optha 148 84.41
Neto et al. [14] DRIVE, STARE 60 87
Sarathi et.al [15] Private dataset 63 92
Issac et al. [16] MESSIDOR, DRIVE. local dataset 1384 91
Khademi et. al [17] local dataset 86 82.2
Garciaet. al [18] EyePACS 35126 83.68
Our Method Private dataset 578 92.86

From these results it could be simply observed that the proposed system give better performance than other systems in
terms of accuracy obtained and the accuracy is the important parameter as it represents the effectiveness of the detection works.
The average performances of all the methods are plotted as graph figure 7.
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Figure 7. Performance Comparison Chart of Existing Systems with Proposed System

V. CONCLUSION
The initial identification and proper treatment of Diabetic retinopathy can decrease the growth of this disease and prevent
vision loss. The DR identification method presented in this paper is the combination of discrete wavelet transforms (DWT) and
Neural Network. The neural network has improved the efficiency and accurate classification capability of the system while the
DWT has reduced complex computation work and the analysis time. Also, the method was compared with some well known DR
detection techniques and the comparison result shows that the proposed method has outperforms other systems in terms of
accuracy. As this method is implemented in Matlab software, it can be applicable freely in numbers of real time applications.
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