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Abstract— Diabetic Retinopathy (DR) is one of the most
important causes for the presence of blindness in the recent
days. Ophthalmologists need to diagnose the presence and
severity of DR using the visual assessment of the retinal
fundus images by manual examination. This process of
manual diagnosis of DR is a very hectic and time consuming
task. Due to the increasing rate of diabetic retinopathy
patients in the world, the number of color fundus images
generated has increased rapidly. Because of this large
number, there is a huge delay in diagnosing the early
symptoms of DR and providing timely good treatment.
Therefore, to address this issue, there is a need to develop an
automated framework of Diabetic Retinopathy diagnosis.
Hence, in this analysis we have proposed a Deep framework
for DR diagnosis. The analysis uses a modified version of
standard Convolutional Neural Network (CNN) for solving
DR fundus image classification problems. The proposed
analysis efficiently reports whether the person has DR or not
and if present, and indicates the severity of the disease. The
analysis implemented helps in giving timely treatment to the

patients. - irrespective - of . geographical and economic
constraints.
Keywords: Diabetic Retinopathy, Convolutional Neural
Network

I. INTRODUCTION

India ranks second to China in the cases of diabetes mellitus
in its population. In the year 2011, the number of diabetic
patients in India was estimated to be approximately 60
million and is estimated to rise to 100 million by the year
2030. In the last 20 years, Diabetic Retinopathy (DR) has
become the most common causes of low vision and
blindness. The study is an attempt to develop an automated
Diabetic Retinopathy diagnosis system using Deep analysis
techniques for more accurate diagnosis. Diabetic retinopathy
is due to a change in the blood vessels of the retina. The
damage is caused by an increase in the blood glucose level
which can be harmful to the blood vessels. Thickening of
the blood vessels can develop leaks, which can result in loss
of vision. The main four stages of DR are mild, moderate,
and severe non proliferative and proliferative. The stage 1 is
mild, non proliferative where there is balloon-like swellings
in small areas of the retinal blood vessels. In the moderate
stage, some blood vessels of retina will be blocked. The
stage 3, known as severe non proliferative retinopathy, has
more number of blocked blood vessels, which leads to
having inadequate blood flow in retina. Due to the lack of
proper blood flow, the growth of new retinal blood vessels
will be stopped and they cannot replace the damaged ones.
The final stage is known as proliferative retinopathy. This is
the advanced stage of DR where additional blood vessels
will begin to grow in the retina, but they will be very fragile

and not normal. Due to the in effective proper screening and
treatment, especially at the grass root level, a large portion
of diabetics in our country are rendered blind. There is a
large difference in the need for DR screening and the
availability of resources such as ophthalmologists and
necessary equipment. Due to the large number of retinal
images on such a large scale day-to-day basis manually, is
very hectic, time consuming and inefficient. As a result of
this, many patients remain untreated at necessary times
which leads to several other chronic disorders in the future.
To meet this increasing need, an automated, cost efficient
DR screening with diagnosis software is required to make
the screening facility available for millions of diabetics
patients all over the world. Proposed system uses Deep
Learning techniques for color fundus image classification.

Il. PROPOSED SYSTEM

In this proposed work, there are two stages defined in
automated analysis of diabetic retinopathy. In stage one the
fundus image of left and right eye of patient is taken using
fundus cameras at the lab. The images are transmitted via
the network to the classifier station. The images are
processed and classified in the Classifier station using a
trained Convolutional Neural Network. The results of the
analysis obtained is presented to the ophthalmologist. After
analyzing the reports, the ophthalmologist gives the result to
patient and further course of medication to be taken if the
patient is identified as having Diabetic Retinopathy. Deep
learning is the main instrument for image classification
problem. The proposed CNN architecture used for the
classification of fundus images is a modification of standard
VGG-16 network The VGG network was originally trained
on image net dataset. It consists of 1000 objects. As the
VGG-16m network was used to classify 1000 objects,
softmax layer had 1000 neurons. The DR dataset has only
five classes, it is required to have only 5 neurons in softmax
layer. The characteristics required for identifying DR can be
extracted using only few convolutional layers and it is
followed by two dense layers and softmax layer to classify
image. Here we used the concept of transfer learning on
VGG-16 to solve problem, thus improving the general
capability of CNN. This is an optimized version of VGG-16
architecture. The important convolutional and max pooling
layers and the different features are obtained by using
transfer learning. Thus Transfer learning is widely used in
computer vision to avoid the hectic process of training the
network from scratch. The convolution layers are freezed,
only dense and softmax layers are trained. Therefore, the
number of parameters to train now is less as compared to
original VGG-16. Hence training time is reduced
consequently, less computational resources are required and
faster the interference.
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Fig. 1: VGG16 CNN architecture used for DR fundus Image Classification

I1l. RELATED WORKS

Different machine learning techniques are used for the DR
Image classification. Most important is Convolutional
Neural Networks (CNN), and a class of Deep Neural
networks are suitable for the analysis and processing of
large image datasets. The multilayer networks, can be
trained to identify complex, high-dimensional, nonlinear
mappings from large collections of images which makes
them suitable for image recognition and classification .The
deep neural networks are trained to get the features of the
data during training and this information is stored in the
form of weights and biases. There by, deep neural networks
can be operated on raw images with data augmentation and
preprocessing. Diabetic retinopathy (DR) is identified as one
of the leading causes of preventable blindness. Many
techniques have been developed to identify and enhance
automatic detection of the diabetic retinopathy. Each image
in the dataset have diagnostic label 0 or 1 depending on
having no diabetic retinopathy and severe DR. In another
study, they have developed their own CNN architecture and
have added an extra Visualization layer to view the final
feature extracted data and finally implemented a decision
tree classifier at the end for classification purpose. The ROC
Curve metric has been used for evaluating the model.
Tremendous research has been carried out on methods for a
binary classification of DR images with positive results .The
traditional CNN architecture consists of convolution, max
pooling and softmax layer for final classification. They have
not used any optimization techniques for error reduction.
The diagnosis of DR using color fundus images needs
experienced ophthalmologists to identify the presence and
importance of the inherent features in the image combined
with a complex grading system. The process is very difficult
and a time consuming. CNN approach is proposed to

diagnose DR from digital fundus images and accurately
classifying the severity. A network with CNN architecture
and data augmentation can clearly identify the features
involved in the classification task such as micro-aneurysms,
exudate and hemorrhages on the retina and thereby
providing automated diagnosis with minimal user
intervention. IBM combines two analytics approaches into
one hybrid method, wherein a CNN based method for DR
classification is integrated with dictionary learning. IBM
method takes approximately 20 seconds to analyze the
image and achieves an accuracy score of 86 percent in
classifying the disease. In another paper, concept of transfer
learning is applied on CNN models AlexNet. The hyper
parameters are set to appropriate values to train the Alexnet.
The classification of diabetic retinopathy is also be done by
applying techniques extracted features from output of
different retinal image processing algorithms, like diameter
of optic disk, lesion specific image level etc. The final
calculation for predicting the presence of Diabetic
Retinopathy is done using alternating decision tree,
AdaBoost, Naive Bayes, Random Forest and SVM. Various
techniques are used to extract features like holistic texture
features, local retinal features like micro-aneurysms and
exudates and then apply four classifiers which include
nearest neighbors, neural networks, SVMs, and random
decision forests. This discusses for the first time face-
recognition using ICA approach applied to retinal color
fundus images. The retinal images from the available
database MESSIDOR, is used for identification of Diabetic
Retinopathy. To classify the images according to the
presence of diabetic retinopathy a convolutional neural
network (CNN) with 4 convolutional layers was used
Different eye diseases require different kind of features
extracted from eye. Therefore, features like retinal blood
vessels, fovea, etc are extracted using CNN models. It tells
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about the importance of blood vessels extraction, how this is
used in diagnosis of different types of ophthalmologic
diseases. The automatic blood vessel extraction can help
doctors to treat more patients and thereby avoiding
repetitive tasks of manually extraction blood vessels from
images. It reveals about the techniques which are used for
automatic blood vessel extraction. The vessel segmentation
problem was therefore reduced to a boundary detection
problem and this uses the Convolutional Neural Networks
(CNNs) to generate a vessel probability map. The vessel
probability map differentiates the vessels and background in
the inadequate contrast region, and has robustness to the
pathological regions in the fundus image. The fully-
connected Conditional Random Fields (CRFs) is employed
to combine the discriminative vessel probability map along
with long-range interactions between pixels.

IV. ANALYSIS & DISCUSSION

The images are fed in batches to the convolutional layers
which automatically detects these features and extract them.

These are then fed to dense layers for the purpose
of classification. The weights in the fully connected layers
are adjusted clearly using back propagation algorithm so
that the network layers weights are properly trained properly
for classifying the images with correct label. When the
number of parameters in fully connected layers is numerous
it leads to a complex representation of data which in turn
result in to over fitting and poor generalization capability.
The over fitting happens because dataset is skewed here.
Therefore dropouts are used in fully connected layers to
prevent over fitting. During the training phase, some
neurons are dropped out as per a predefined dropping factor.
This therefore reduces the co-dependency with other
neurons.

A. Test Phase

After the training of CNN is completed, the new set of
images are given as input to verify the accuracy of CNN
model. The convolutional layers using various filters
automatically extracts important features like retinal blood
vessels, macula, vitreous humor etc which is necessary for
classification purpose. The extracted features are fed to
dense layers of convolutional neural network. The final
layer is the softmax layer which gives one output label out
of five classification labels available. As the test images are
captured from the similar set of training images, the estimate
“sample error” gives unbiased estimate of true error. Thus, if
the model performs well on training images it is known to
perform well on test.

B. Medical Report Generation

The output result obtained from the trained CNN network is
presented to doctor with guaranteed accuracy. The patient
who is identified to have DR is quickly directed to the
course of medication so that vision loss can be prevented or
at least prolonged.

V. RESULTS AND DISCUSSION

A. Data Set Description

The important dataset required for the training the VGG16
CNN classification model is the Eye PACS dataset is
obtained from Kaggle .The training dataset overall consists
of 35126 images. Out of 35126 images 25810 images are
classified as not having DR and 9316 are classified as
having diabetic retinopathy. Out of 9316 images, 2443
images are classified as mild DR, 5292 images as moderate
DR, 873 images as severe DR, 708 as proliferative DR. The
features like retinal blood vessels, vitreous humor, macula
are used for analysis and the presence of DR. The dataset
which used for testing the model contains 2938 images.

B. Analysis of the Classification Accuracy

The model developed was trained using 35126 images by
making use of the proposed VGG16 CNN architecture. For
obtaining the features, the batch size was set to 4 and was
trained in transfer learning. The features required for every
2000 images are stored for further processing using the fully
connected layers. The validation split was set as 10% which
uses 90% of the data for training and remaining 10% of the
data for the validation purpose. The number of hidden units
in the Dense layers were varied in multiples of 128 to
observe the changes in the training.
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Fig. 2: Graph of Training Accuracy versus number of Dense
Layer Units

78

76

74

72

70

Validation Accuracy (%)

68

66
1] 500 1000 1500 2000 2500 3000 3500 4000 4500

No of Dense Layer units (#)

Fig. 3: Graph of Validation Accuracy versus number of
Dense Layer Units

VI. CONCLUSION

The CNN model proposed is based on VGG-16 network.
The VGG-16 network is traditionally used for producing
high performance for large multiclass image datasets. This is
scaled down to a classification of Diabetic Retinopathy
image dataset which has five classes. This is further
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enhanced with providing some optimization over the
network for reducing the error rates, thus obtaining high
generalization performance. This proposed system of
automated Deep Analysis for easy Diagnosis of Diabetic
Retinopathy can be used for classifying large number of
images within a limited amount of time. The patients are
expected to be present only once for capturing the color
fundus images, and the remaining parts of diagnosis is done
automatically and finally the results are reported to the
doctor. The implementation of such a system on a global
basis can provide highly economic and timely treatment to
patients irrespective of economic and geographic
constraints.
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