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Diabetic is a serious health

issue caused by high blood sugar
level. Nearly one third of diabetic
patients suffer from Diabetic Retin-
opathy (DR) [, which is an eye dis-
ease where the damage occurs in
the retina (back side of the eye).
Therefore, dark spots will appear in
the vision from an affected eye. The
vision from the normal eye and dia-
betic retinopathy are illustrated in
Figure 1. DR is the leading cause of
vision impairment or blindness. Re-
searchers estimated that the num-
ber of people affected by DR world-
wide will grow to 191.0 million by
2030%. Even though the early stages
of DR are typically asymptomatic,
regular eye screening for diabetic
individuals is necessary, as quick
identification and subsequent care
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of the problems are critical. Because
controlling hyperglycemia, hyperlip-
idaemia and hypertension is the
only preventive therapy, early recog-
nition of DR is even more important
M Furthermore, contemporary treat-
ments, like laser photocoagulation
can reduce the risk of blindness in
proliferative retinopathy and dia-
betic maculopathy by up to 98%, if
the eyes are treated early in the dis-
ease B,

Figure 1: A vision of a normal eye and of an eye
diabetic retinopathy

Figure 2: Different types of DR lesions

The affected DR contains differ-
ent lesions (the affected regions of
the retina) such as haemorrhage,
soft exudates, hard exudates, and mi

icroaneurysms, which are illustrated
in Figure 3 and this DR image is
taken by a colour fundus camera. DR
grading by distinguishing the lesions
from fundus images is a challenging
and fine-grained problem due to the
lesions being smaller in size (covers
only a few pixels in fundus images)
and similar in visual appearance.

Figure 3:
Normal and
Moderate DR
images.

For example, Figure 3 shows the
normal and moderate DR images,
where it's hard to differentiate them.
Based on the type and amount of
the lesions appears, the DR images
will grade in a severity order which
represent the progression of the
disease like no DR (healthy), mild,
moderate, sever and proliferative DR
(complex stage). Here wrong identi-
fication of DR images may lead to
sever consequences. Therefore,
early and proper DR grading is im-
portant to decide the appropriate
treatment at the correct time, as the

treatment depends on the severity
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or grade of the DR. Ophthalmolo-
gists usually rely on retinal colour
fundus camera to examine the reti-
na and detect the presence of le-
sions to grade the disease. This
manual process is time consuming,
subjective and prone to human er-
rors. On the other hand, automated
computer aided diagnoses systems
show good potential to accurately
grade the DR and provide objective
predictions from colour fundus reti-
nal images [7].

Recently, Deep Learning (DL), es-
pecially Convolutional Neural Net-
work (CNN) based automated solu-
tions were proposed, and achieved
remarkable success for DR grading
with effective prediction in a short
time [7]. DL is a machine learning
technique, which allows computa-
tional models to learn representa-
tions of data with multiple levels of
abstraction and it has been widely
used to solve problems in various
domains including computer vision
and medical imaging. CNN is a type
of DL technique which is designed to
automatically classify images
and/or to detect regions of interest
in images by learning spatial feature
hierarchies through multiple levels
of building blocks, such as convolu-
tion layers, pooling layers, and fully
connected layers. Figure 5 illustrates
a simple CNN architecture for DR
grading. Various CNN based auto-
mated approaches have been pro-
posed in DR image analysis includ-
ing CNN architectures [6], pooling
mechanisms [8], attention mecha-
nisms [3], etc. Rather than that, there
are various directions to the re-
searchers to improve DR grading
performance, including the follow-
ings:
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Figure 4: Simple CNN architecture for
DR grading

Siamese network based feature fu-
sion of both eyes of a patient - Auto-
mated DR grading is a fine-grained
classification problem as the lesions
in DR images are hard to distinguish
due to scale, high intra- and low in-
ter-class variations. Usually oph-
thalmologists determine the DR
grading of an eye of a particular pa-
tient by examining both eyes of that
patient as the DR grading of one eye
may give guidance for the diagnosis
of the other. Therefore, most of the
approaches for DR grading [8] make
use of the features from the left and
the right eyes of a patient to deter-
mine the DR severity level of a par-
ticular eye of that patient, and show
significantly improved DR grading
performance by this information fu-
sion. The kind of CNN architecture
used for this purpose is called Sia-
mese network [8]. Siamese networks
are types of networks which have
two or more identical CNNs each
with  different
weights of these identical networks

inputs, and the

are shared among them. As the
weights are shared, their parameters
can be learned with less amount of
data compared to training two inde-
pendent networks. Figure 6 illus-
trates a sample architecture of Sia-
mese network.

Semi-supervised learning for DR
grading - Although CNNs are widely

used for image classification and/or
segmentation, they are often da-
ta-hungry - needs a large amount of
annotated data to train as they have
millions of parameters to train.
However, collecting annotated data
in large amounts, is usually a tedi-
ous task, particularly it is difficult for
medical imaging. Recently semi-su-
pervised learning approaches have
been explored, where unannotated
data was used in addition to the an-
notated data to boost the perfor-
mance of the CNN system. Currently,
more researches are focusing on
this domain to improve DR grading
performance with less amount of
annotated data.

Joint classification and segmenta-
tion of DR lesions - Just classifying
retinal images into one of the prede-
fined classes will not give much val-
uable information to the ophthal-
mologists as they will not give any
explanation or interpretation on
why they are classified into a par-
ticular class than other classes. This
interpretation may be obtained in
terms of segmenting different le-
sions. Therefore, researchers can
focus on a joint framework which
will classify images as well as identi-
fy lesion regions to give justifica-
tions for ophthalmologists on why
they are classified into a particular

class than the other classes.
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