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Abstract: Delayed length of time of the diabetes may influence the tiny
blood vessels of the retina bringing about Diabetic Retinopathy (DR). It is
one of the major root causes of the blindness across the globe. Routine eye
screening of patients with diabetes serves to discover DR at the early stage.
The conventional visual assessment protocol is time consuming and
laborious. Hence, the computer aided system for DR detection can reduce
the burden of the ophthalmologist and improve the accuracy. In this work,
we have proposed an automatic method for screening exudates based on
image processing methods which utilized color component, morphology
and intensity in retinal digital fundus images. The retinal fundus image of
the affected eye was recorded with a fundus camera (Visupac, CARL-
ZEISS FF 450 plus) for 60 south Indian women. For each image the ground
truth result was collected from two glaucoma experts with more than 10
years of experience. Then the quantitative evaluation of the proposed
algorithm has been carried out using these ground truth results. We
achieved the highest segmentation accuracy of 93%, F-score of 88.2%,
precession and recall of 93.1 and 89.3% respectively when the ground truth
results were considered as standard. The extracted morphological
parameters exhibited significant differences between normal and DR
groups at p<0.001, whereas, the age and BMI values depicted no such
significance. In conclusion, our findings suggest that the proposed system
would be a useful for mass screening of DR.
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Introduction

The rapid growth of diabetes is one of the greatest
challenges of the existing health services department.
The percentage of human subjects affected with the
sickness keeps on rising at a quick rate. Three hundred
and forty five million human subjects are suffering
from diabetes across the globe; among them 41 million
were Indians, reported by International Diabetic
Federation (IDF, 2012). About 40% of human subjects
with diabetes have at least of mild signs of Diabetic
Retinopathy (DR) (Nayak et al., 2008). The DR is
damage to the retina initiated by problems of diabetes,
which can finally lead to loss of vision or blindness. It
could be a mute illness; thus, it should merely be
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recognized by the patient once the progressions inside
the retina have advanced to the level wherever treatment
is difficult or much complicated (Kinyoun et al., 1989;
Bresnick ef al., 2001). Macular edema and proliferative
retinopathy are two major mechanisms by which the
vision is lost due to DR. Macular edema is the increase
of fluid called exudates in macula and which is the
main cause of vision loss and its prevalence is set to
continue rising. Exudates are proteins and lipids that
deposits and leaks from the damaged blood vessels
within the retinal region; they are whitish-yellow
lesions with relatively distinct margins. Detection of
exudates by ophthalmologists is a difficult process as
they have to spend a great deal of time in manual
analysis (Sopharak et al., 2009). In addition, manual
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detection involves utilization of chemical dilation
material which takes more time and has harmful side
effects on the patients. So as to minimize the side effects
and cost of such screenings, a digital image acquiring
technology ought to be utilized (Lin er al., 2002;
Williams et al., 2004). This technology allows the
scientists to utilize the ‘state-of-the art’ image processing
techniques which automate the detection of
abnormalities. Hence, the aim of the present study was to
extract various morphological features from retinal
digital fundus images in the assessment of DR.

Materials and Methods

The detailed flow of the proposed study is outlined in
the Fig. 1. This contains the information about study
design, data collection and descriptions about steps
involved in image processing implementation such as
pre-processing, segmentation and morphological features
extraction as well as statistical validation of the results
with ground truth results.

Data Collection

A medical screening camp related to eye disease was
organized during the end of year 2012 in an eye care
hospital, Chennai, India. Sixty south Indian women
(mean £ SD age = 60.4%10.2 years, range = 50-85 years)
were participated in the camp and included for the
present study. Women with vision loss and those who
are under medication were excluded. A detailed
questionnaire contains information about demographic,
anthropometric as well as clinical history was filled and
signed informed voluntary consent form by each
participant participated in the camp.

For each woman, a digital image of the affected eye
was acquired using a digital fundus camera (FF 450
plus, Carl Zeiss Meditec, Inc, USA) in combination
with Visupac image management software system. The
acquired digital fundus images were of size 640%x480
and stored in the local hard drive of a computer system
for further analysis. Then the stored images were
visually analyzed by an experienced ophthalmologist
and grouped them into (i) normal group and (ii)
diabetic retinopathy group.

Image Processing

The pre-processing consists of three stages: (i)
Color normalization, (ii) edge enhancement and (iii)
color space conversion. Digital fundus image of each
woman was pre-processed using the procedures
detailed in (Sapthagirivasan and Anburajan, 2013) and
our previous study (Vimala and Kajamohideen, 2014).
The next step was binarizing the pre-processed fundus
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images. The binarisation process was done by setting
an empirical threshold value of 0.78. The binary image
contains many objects such as blood vessels, optic disc,
exudates and some unwanted noises in the retinal
region. Based on removing the following contents from
the binary image exudates contents were retained
(Vimala and Kajamohideen, 2014):

e The blood vessels contain not much information
about exudates

e  Optic disc which is the entry region of blood vessels
and optic nerve to the retina

e Borders of the retinal region

Finally, the following morphological features detailed
by Sopharak et al. (2009; Vimala and Kajamohideen
2014) were extracted from the binary image which
contains only small objects information:

Area

It was calculated based on total number of white
pixels in the binary image.

Number of Objects

It was the count of total number of pieces in the
binary image.
Eccentricity

It was estimated based on major and minor axis
lengths of segmented pieces respectively.

Extent

It is the ratio between area and bounding box of the
segmented piece.

Orientation

It is defined as the angle between major axis of the
segmented piece that has the same second moments
around the region and the horizontal axis.

Convex Area of the Polygon

It is calculated based on the area of the polygon
around the segmented piece.

Solidity

It could be defined as the ratio of the solid or filled
area and convex hull area of the segmented piece.

Statistical Analysis

The  demographic  features and  extracted
morphological features were analyzed using SPSS
software package version 17.0 (SPSS Inc., Chicago,
USA). The measured values in each subgroup were
compared using a student’s t-test. The data represented
were mean + SD.
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Fig. 1. Flow diagram of the proposed diabetic retinopathy detection system

Results

All retinal fundus images are acquired using a
standard protocol. For each image the ground truth result
was collected from two glaucoma experts with more than
ten years of experience. Then the quantitative evaluation
of the proposed algorithm has been carried out using
these ground truth results. Out of the 60 studied women,
43% (26/60, mean + SD age = 53.248.4 years) were
belongs to normal group and 57% (34/60, mean + SD
age = 57.2+11.4 years) were belongs to DR group based
on the ground truth classification.

The retinal fundus images of the normal and DR
samples are displayed in Fig. 2. The feature extraction

256

technique detailed in the methodology section has been
applied to each fundus image and results obtained are
depicted in the Table 1. The Table 1 also contains the
details about the features extracted using the hand drawn
ground truth results along with the demographic as well
as anthropometric parameters. The age and Body Mass
Index (BMI) values were not showing any significant
variation between normal and DR group. Whereas, the
morphological features extracted from digital fundus
images using ground truth method as well as automatic
image analysis algorithm exhibited significant (p<0.001)
difference between the groups i.e. the mean intensity
value displayed significance increment in DR group
when compared to normal group. The results of various
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steps involved in the segmentation of exudates region is where, TP, FP and FN are number of true positive, false
shown in Fig. 3. positive and false negative pixels respectively. Finally,
We have compared the performance of our proposed we have computed traditional F-score and segmentation

exudates extraction technique with the ground truth accuracy using the following Equation 3 and 4:

method. To assess the area overlap between the
_ Precisionx Recall

computed regions and the ground truth results, the pixel- = 3)
. .. Precession + Recall

wise precision and recall values are computed. These are
defined as follows Equation 1 and 2:

Accuracy =11 Number of misclassified pixels %100 (4)

Total pixels
Precession =TP /(TP + FP) (1)
The result of the proposed exudates detection process
. . . N

Recall =P / (TP + FN) @) has depicted in Table 2. The system achieved 93%

segmentation accuracy with the ground truth results.

Table 1. Range of the morphological features extracted from the retinal images

Normal group (n = 26) DR group (n =34)
Variables/groups Mean + SD Mean + SD P value
Demographic and anthropometric parameter
Age (years) 53.2+8.4 57.2+11.4 0.152
BMI (kg/m?) 28.3+5.3 29.2+7.4 0.184
Retinal image parameters extracted by ‘ground truth’
Mean intensity (gray) * 0.52+0.12 0.82+0.06 <0.000
Mean area (%) 50.5+14.2 12.7+8.9 <0.000
Number of objects 40.7+11.4 17.3+4.5 <0.000
Solidity 0.18+0.06 0.71+0.01 <0.000
Retinal image parameters extracted by automated system
Mean intensity (gray)” 0.59+0.18 0.79+0.12 <0.000
Area 46.6x11.4 14.2+9.3 <0.000
Number of objects 42.3+12.2 15.6+4.9 <0.000
Solidity 0.21+0.11 0.76+0.03 <0.000

# Normalized the intensity values between 0 and 1; DR-Diabetic Retinopathy

Table 2. Result of exudates detection technique when comparing with ground truth method

Precession Recall F-score Segmentation accuracy (%)

0.931 0.893 0.882 92.62

() (b)

Fig. 2. Sample retinal fundus images of (a) Normal and (b) Diabetic retinopathy subjects
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Fig. 3. Steps involved in the segmentation process. (a) input fundus image, (b) normalized result of (a), (c) segmented image, (d) border of
(a), (e) extracted vessel image, (f) segmented optic disc, (g) exudates region (c - (d + e + 1)), (h) super imposed image

2011). About 50% of the individuals who are suffering
from diabetes across the globe do not undergo any type

The World Health Organization predicts that in the of eye examination (Abramoff et al., 2008). This is due
next 25 years, the amount of individuals with diabetes to lack of awareness form one side and the other side is
across the globe will become double (Danaei et al., problems in the conventional diagnosis procedures such

Discussion
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as computational time as well as cost. So, there is an
immediate need of developing mass screening tool which
would work on bulk databases with affordable cost.

The proposed computer aided detection system is
advantageous on account of its low cost, utilization of
widely available fundus images and simple protocol.
The fundamental behind the proposed system was the
extraction of morphological parameters of exudate
regions by subtracting blood vessels, optical disc and
outer border of the retinal region. The extracted
morphological parameters exudates region indicated
the subtle changes in the normal and DR group. It can
be clearly seen from Table 1 that all these
morphological parameters show the significant
difference value for normal as compared to the DR
class (p<0.001). For the normal images, the intensity
values in the segmented region was observed as low
(Table 1), whereas it was high for DR images due to
the presence of hard exudates. The similar kind of
variations was observed when the energy values
extracted using wavelet based approach (Noronha et al.,
2013). Similarly, the morphological parameters
extracted from digital X-ray images for classification
of osteoporosis form normal group also displayed
significance at p<0.001 (Sapthagirivasan et al., 2013).
The age and BMI values were not shown any kind of
significance between normal and DR group. Hann et al.
(2009) explored the structural characteristics of the
morphological features from digital fundus image and
found the amount of pixels covering exudates could
be used as a metric for the degree of the disease.
Similarly, in the present study result in terms of
accuracy (93%) depicted in Table 2 was typical over
all images with the number of exudates found
agreeing well visually. The obtained result showed the
potential for tracking the progress of DR. Similarly,
the other parameters such as traditional F-score,
precession and recall values were 88.2, 93.1 and
89.3% respectively.

Limitation of our study: The percentage of pixels
covering exudates were used as a metric for the
degree of the Disease (DR), hence this application
requires further clinical validation with larger samples
and specialists in the future.

Conclusion

Automatic methods for screening exudates for DR
diagnosis has been developed based on image processing
methods which utilized color component, morphology
and intensity values in retinal digital fundus images. The
extracted morphological parameters exhibited significant
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differences between normal and DR groups at p<0.001,
whereas, the age and BMI values depicted no such
significance. The proposed system achieved 93%
segmentation accuracy of the exudates region form
digital fundus images when ground truth (hand drawn)
results were considered as standard. In addition, the
traditional F-score, precession and recall values were
88.2, 93.1 and 89.3% respectively. However, these
results need to be validated in future clinical trials.
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