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Abstract

Objective: Diabetic retinopathy is a critical pathological disease condition which affects the lives of millions of people everyday. Exudates
found in the eye are one of the important signs of Diabetic retinopathy. This work aims to segment exudates for faster detection and
treatment of Diabetic retinopathy.Methods: This paper proposes a robust and efficient method to segment exu-dates. Initial pre-processing
work applies adaptive unsharp masking which sharps the areas based on the level of smoothness in the image preventing accentuation of
noise. Optic disc is removed by active contour model. The exudates are then segmented by Renyi’s Entropy based thresholding which
choses the optimal threshold for segmentation, exploiting Renyi’s entropy da-ta.Results: The performance of the proposed system was
evaluated and found better than state of art results giving accuracy, sensitivity and specificity 94.5%, 95.1% and 96.2% respectively.Con-
clusion: Effective computer aided system is essential for accurate exudates detection. The proposed algorithm utilises the advantages of
adaptive unsharp masking in medical image pro-cessing along with Renyi’s entropy based thresholding to detect Exudates, which performs

better than traditional thresholding techniques.
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1. Introduction

Diabetic retinopathy is one among the several chronic diseases of
the eyes causing irreversible damage to eye. The chances of being
affected with retinopathy rises in diabetes mellitus affected popula-
tion [1]. Early screening of exudates in the eye can promote faster
treatment. Hence, CAD system is helpful especially for camp
screenings and also to help physicians to confirm the several stages
of diabetic retinopathy. [2-4]

There are vast researches continuing in the field of diabetic reti-
nopathy diagnosis. Region growing algorithm and it variations for
exudate detection are done in colour retinal images [5-6]. Thresh-
olding methods including grey level thresholding was applied by
authors D.Kavitha et al[7] and a combination of multi-level thresh-
olding with region growing is adopted in digital retinal images by
D.Usher et al[8]. Benefits of clustering methods namely k means
clustering, fuzzy ¢ means clustering and improvises have been
adopted for detection of exudates in diabetic retinopathy affected
eye images [9-11]. Different Morphological operations have also
been employed performed for exudates extraction [12-13] along
with various classifiers. A technique of multi-space clustering
method is employed by authors R. Annunziata et al [14]. One of the
disadvantages of the existing system is over segmentation in mor-
phological based techniques. The proposed methodology over-
comes the disadvantages of the existing system by the application
of Renyi’s entropy for exudate detection which utilizes the spatial
information in the image. Hence the proposed system outruns the
existing methods due to Renyi’s specific and suitable threshold se-
lection based thresholding of exudates.

2. Materials and methods

The images used in this work were taken from DIARETDBL1 [15].
It consists of 89 images captured under the field of view of 50 de-
grees consisting of [5] normal images and 84 mild diabetic retinopa-
thy images. In this paper, robust and improved algorithm for exu-
dates segmentation for diabetic retinopathy screening is proposed
in which Exudates are extracted by Renyi’s Entropy based Thresh-
olding. The initial work includes pre-processing the image. The
green channel of the original image was extracted as it better dis-
plays the fine details of the eye. In the next step, adaptive unsharp
masking filter was applied to the image which depicts the region of
interest with higher effectiveness. The next step of pre-processing
included optic disc elimination which is essential as its intensity and
colour appear similar with exudates. Optic disc was eliminated by
Active contour method which was followed by exudates segmenta-
tion. The block diagram of the proposed work is given in figure 1.
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Fig. 1: Block Diagram of the Proposed System.
3. Preprocessing

3.1. Adaptive unsharp masking

The green channel image is filtered using adaptive unsharp masking
[16]. The traditional unsharp masking removes the low frequency
components in the image and projects the edge features and im-
proves the contrast. It works like a high pass filter where the con-
trast can be adjusted based on the user input value. The adaptive
unsharp masking filter introduces a filter other than functions car-
ried out by high pass filter, which decisively measures the regional
local dynamics of the input image. The improved algorithm sets two
thresholds t1 or t2 depending on whether the input is a smoothed
image or medium or high contrast image. The traditional unsharp
mask filter equation is given below in Eq (1)

U (a, b) =1 (a, b) + nH (a, b) 1)

U (a, b) represents the output image

I (a, b) is the input image & H (a, b) shows the low frequency re-
moved image after corrections by 7 scale value. An adaptive filter
introduced in the above system only enhances the medium contrast
areas, avoiding smooth areas to prevent inclusion of noise projec-
tion. The improved Scaling value in the adaptive filter works based
on the difference in the actual and founded dynamic value of the
image examined.

3.2. Optic disc elimination

Optic Disc is seen as yellow — white luminous component in both
normal and abnormal retinal image. Exudates also exhibit higher
contrast and brightness similar to optic disc. Hence to accurately
detect exudates, it is essential to remove optic disc from the image.
Active contour Model [17] was chosen to effectively extract the op-
tic disc. It captures the exact geometry of the region of interest. The
user input provides initial boundary point which is continued by
image forces that discover the region to be extracted. A prior
knowledge of the region of interest gives better contour segmenta-
tion results. The initial selection of active contour determines the
accurate detection of the entire boundary of the target. Active con-
tour model works by changing its shape and position from the initial
contour towards the minimal energy state. Also called as Snake
model, it moves itself through the domain of the retinal image and
settles towards the local minimum energy state.

The forces in Snake model are a combination of external and inter-
nal forces and also the energy of the image under consideration aim-
ing to reduce the total energy to the least level. The Total Energy of
Active snake model is a summation of three types of Energy namely
(i) Internal Energy (EI) that depends on the degree of the spline
equating the shape of the region of interest. (ii) External Energy (EE)
that involvesall the external forces which are user dependant and
the other energy factors. (iii) Energy of the retinal image under con-
sideration (ER) which gives out the vital data about the illumination
of the spline representing the target object.

ET = El+ EE+ ER )

The optic disc of the input retinal image is removed by using the
geometric information and intensities by the active contour model
which improves the success rate of candidate extraction.

3.3. Exudates segmentation

Exudates in the image are segmented using Renyi’s Entropy based
Thresholding. Entropy can be explained as the quantitative measure
of diverseness or randomness in a set of data for its description
which was introduced by Shannon [18]. In Renyi’s entropy based
thresholding for image manipulation [19, 20], the spatial infor-
mation of the pixels are also considered for optimal threshold selec-
tion.

Consider an image A of size M x N with L grey levels where f (j, k)
is the grey level of the pixel at the spatial location (j, k).In the image,
two probability distributions are derived from the grey level distri-
bution for object and background of the image thereby separating
them as two classes X and Y given as in equations 3 & 4 where
p0,pl..p255 represents the probabilities of grey level distribution.
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The a priori Renyi’s entropy of order, for the image is given in Eq
(6) where #1 and the total entropies for both object and background
classes gives the Renyi’s entropy for thresholding.
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The value of helps in optimal selection of threshold value resulting.
Once the exudates are detected, the remaining borders are cleared
by opening operation to avoid any false candidate pixels.

4. Results

The results of red, green, blue colour channels and multi-channel
composite image and their respective histograms are given in figure
2.This analysis provides the most suitable colour channel for further
processing. The benefits of adaptive unsharp masking are exploited
in retinal pre-processing giving enhanced appearance of the bright
exudates in the image. The pre-processed images are given in figure
3. Reni’s entropy is a useful data for thresholding in image pro-
cessing which gives good segmentation results of exudates. The ex-
udates detected image is given in figure 4.
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Fig. 2: Evaluation of Primary Color in Retinal Image (1) Input Image (li)
Green Channel Image (lii) Red Channel Image (V) Blue Channel Image (V)
Multi-Channel Composite Image (V1)-(X) Histogram of the Above Images
Respectively.

Fig. 3:.Pre-Processed Images (I) & (V) Input Images, (II) & (V1) Green
Channel Extracted Images (I11) & (V11) Adaptive Unsharp Masking Images,
(IV)&(V111) Active Contour Based Optic Disc Elimination.

Fig. 4: Exudates Segmentation by Renyi’s Entropy Thresholding.

5. Discussion

The normal and diabetic retinopathy images are checked for their
appearance and histogram examined in the red, blue and green
channels. The green channel image depicts maximum features of
the image. The three primary colours were differentiated to under-
stand the pathological features that are most prominent in these
channels. The blue channel image and histogram depicts minimal
information. Red and green channel extracted images convey major
retinal features in which red channel contains maximum infor-
mation. Retinal Vessels are poorly envisioned in red channel but
the optic disc channel is projected with high contrast. Green channel

image and the histogram convey exudates presence better than red
channel extracted image. The adaptive unsharp masking provides
corrected signal by varied adaptive filter which enhances the areas
optimally based on certain criteria and avoids attenuation of noise
and artefacts. Hence the resultant image is depicts the region of in-
terest more precisely. Active contour model applied for removal of
optic disc exploits the geometric information and also utilises the
image forces to achieve the target object. The advantage of Renyi’s
Entropy based thresholding is the specific selection of the most suit-
able value for thresholding. Performance Evaluation measures like
accuracy sensitivity and specificity were estimated for the proposed
work. Sensitivity: evaluates the precision of the proposed system to
correctly segment exudates.

Accuracy: defines the overall correctness of the proposed system.
Specificity: evaluates the correctness of the system to detect back-
ground pixels.

The Proposed work provided good accuracy, sensitivity and speci-
ficity values of 94.5%, 95.1% and 96.2% respectively.

6. Conclusion

Exudates detection is considered one major tool for diagnosing this
disease. Our work proposes application of Renyi’s entropy based
thresholding for exudates segmentation in the retinal fundus image.
The three colour channels and their histograms are analysed before
choosing green channel image as input for further processing. Ac-
tive contour model works well for elimination of optic disc and fol-
lowed by exudates segmentation and removing borders by opening
operation. The performance evaluation measures provide higher ac-
curacy, sensitivity and accuracy results than state of art methods.
Future work will address issues of feature selection and it is ranking
for screening diabetic retinopathy.
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