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Abstract - Diabetic retinopathy is the cause for
blindness in the human society. Early detection of it
prevents blindness. Image processing techniques
can reduce the work of ophthalmologists and the
tools used automatically locate the exudates. Early
detection helps the patients to aware of the serious-
ness of the disease. In this paper we present a
method which is automatic and involves two steps:
optic disk detection and exudates detection. The
extraction of optic disk is done using propagation
through radii method. Exudates detection is done
using feature extraction, template matching and
enhanced MDD classifiers and the methods are
compared.
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LINTRODUCTION

Diabetic retinopathy is a highly specific vascular
complication and the prevalence of retinopathy is
strongly related to the duration of diabetes. It is benefi-
cial to have regular cost-effective eye screening for
diabetes. Kavitha, D. Shenbaga Devi, S.et.al (2005)
suggested an algorithm which detects the exudates
through three steps. Least square polynomial curve
fitting algorithm segments the blood vessels, multilevel
thresholding extracted the optic disk and exudates [1].
Multilayer perceptron (MLP), radial basis function
(RBF) and support vector machine (SVM) needs to
train the images for detecting the hard exudates [2]. An
automatic method to detect exudates from low-contrast
digital images of retinopathy patients with non-dilated
pupils using a Fuzzy C-Means (FCM) clustering is
proposed. Contrast enhancement preprocessing is ap-
plied before four features, namely intensity, standard
deviation on intensity, hue and a number of edge pix-
els, are extracted to supply as input parameters to
coarse segmentation using FCM clustering method.
The first result is then fine-tuned with morphological
techniques [3]. Giri Babu Kande et.al used two ap-
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proaches for exudates and optic disk. The centre of
optic disk was estimated by finding a point that has
maximum local variance. The color morphology in Lab
space was used to have homogeneous optic disk region.
The boundary of the optic disk is located using geomet-
ric active contour with variational formulation. Exu-
dates are identified which includes Preprocessing, Op-
tic disk elimination, and Segmentation of Exudates.
The enhanced segments are extracted based on Spa-
tially Weighted Fuzzy c-Means clustering algorithm
[4]. Fisher's linear discriminates analysis [5] used col-
our information to perform the classification of retinal
exudates. An adaptive threshold algorithm was devel-
oped to detect and to measure the exudates in gray
value images of patients with diabetic retinopathy [6].
By means of a dynamic thresholding procedure, the
common usual preprocessing shading correction was
omitted since the compensation of irregularities of il-
lumination is implicitly contained in the algorithm. A
Osarehet.al [7] used an artificial neural network classi-
fier to segment the exudates region. Our approach is
based on the detection of yellowish objects as exudates
and the edges are found using sobel operator.

II.OPTIC DISK DETECTION
A. Propagation Through Radii

The optic disk location is identified and Principal
Component Analysis method [8] with certain modifica-
tions makes the method to be fast and robust. We tried
a different method in which a circle (circle of best fit)
is defined that encloses the optic disc with minimum
number of pixels that does not belong to the optic disc.
The original fundus image is subjected to contrast lim-
ited Adaptive Histogram Equalization. The centre of
the box containing optic disc is defined by coordinates
(X, y). In general to represent a circle in discrete space
we use x+rcosf, y+rsinf. 0 lies from 0 to 360. The arbi-
trary initial value of r is 10. Thus we have ({x+10cos0,
y+10sin0}, {x+10c0sl, y+10sinl}... {x+10cos360,
y+10sin360}) . Each of them representing a point in
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the circumference of the circle. Now the first point
(corresponding to 6=0) on the circumference is taken.
Keeping it as the centre point and a pixel is chosen
above (x+(r+1) cos, y+(r+1) sinf) and below(x-+(r-1)
cosb, y+(r-1) sin6) that. The difference of pixel inten-
sity value between the upper point and centres point
and also between lower point and centre point is com-
puted. A threshold is set (5 in our case) and if the dif-
ference value is greater than the threshold make the
center point is made black. This procedure is repeated
until the difference value becomes greater than the
threshold, each time shifting the centre point upward
along the radius by incrementing the initial r value .The
final r value is the radius corresponding to that 6. This
is done for all the points present in the circumference
of the circle i.e., for 0 ranging from 0 to 360. Hence we
get radius for all 360 degrees, and then the mean radius
is found. Our next step is to find mean centre. This is
done by finding midpoint of line joining circum points
of supplementary angles for 6=0 to 180.The mean of
these x and y co-ordinates of the midpoints gives us the
mean centre. The circle of best fit is drawn with mean
centre as the centre and mean radius as the radius. As
error margin can be added to the mean radius, this en-
sures that the optic disc is completely enclosed.

B. Binary Imaging Method

The optic disk is the only brightest part in retinal
images and next to it comes the exudates. The optic
disk center is found and propagation through radii
method is employed and the entire optic disk region is
blackened and removed. Now the image is left with
exudates as the brightest region. Binary Imaging
method is used and proper threshold value is set and
the exudates can be easily identified from the image.

C. Template Matching

The normal and healthy retinal image is taken
and it is kept as the reference to isolate the abnormali-
ties in the test image. This reference image acts as the
template. Both the reference image and test images are
converted from RGB to GRAY levels and then pixel by
pixel both the images are compared. During compari-
son, the additional objects present in the test image get
isolated and they are clearly visible in the output. If the
test image is normal, then while comparison it gets
cancelled as there is no difference of pixel value be-
tween the two, where as in the test image with exu-
dates, the optic disc gets cancelled and only exudates
are separated in the output. The basic requirement of
this method is that, we should have a normal and
healthy retinal image as reference and the test images
must be taken in the same orientation as the reference,
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it should be of same lighting, angle, etc... It should be
taken in the same manner as that of the reference, then
only this algorithm will work well or else it would pro-
duce wrong result. Hence this basic need must be satis-
fied to work with this method.

D. Enhanced Mdd Classifier

This image works on the RGB co-ordinates rather
than spherical co-ordinates. In the MDD Classifier
method, the centre of class is found using a training set
and hence remains fixed. But this may cause problem
because of difference in image illumination and their
average intensity. So a method is employed such that
the centre of class (Cyei and Cygng) varies dynamically
depending on the image.

From previous Optic Disc detection method we
know the position of the optic disc for the image. Using
this knowledge we select a group of pixels that sur-
rounds the Optic Disc and the mean of these pixels
form the Cygng. Optic Disc usually has the same color
and intensity as that of exudates. So the pixels that be-

long to the OD are used for calculation for C y.. m
Cyen =1/my, Y,
(1
i=1
n

Cogna=1/n Y, B;

@
i=1

Where m & n are number of pixels in yellowish and
background region respectively, that are used to calcu-
late these centres and Yi and Bi are the vectors of the 3
color features in the different region of OD and back-
ground. The method attempts to detect exudates by
using the two important features of exudates, its color
and its sharp edges. Once the optic disk is detected, the
detection of yellowish objects is carried out performing
color segmentation based on statistical classification
method [9] and [10]. It is based on the fact that if a
group of features can be defined so that the objects in
an image map to non intersecting classes in feature
space, then we can easily identify different objects
classifying them into corresponding classes. We define
two classes yellowish objects and background which
are characterized using only three color features(R, G,
and B).
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E. Detection of Objects with Sharp Edges:
B. Template Matching

There are various algorithms to find the edges of an
image like Sobel, canny etc...In our case we used So-
bel operator to find the sharp edges. We have a binary
image with edges being shown white. This image con-
tains the edges of optic disc, blood vessels, exudates
and also the image boundary. So this cannot be inde-
pendently used to determine the exudates. To detect
only exudates and to remove all the false detections in
the previous stages, we combined the two images ob-
tained using MDD and edge detecting method through
a Boolean operation, feature based AND [10]. In fea- )
ture based AND, ON pixels in one binary image are Figure 3 Reference Image
used to select object in another image. We used the
image with objects having sharp edges to select objects
in the image with yellowish elements, because in the
last one the lesions are detected completely, not only
their contours. Thus we obtain lesions characterized by
two desired features-yellowish color and sharp edge.

III.RESULTS

A. Binary Imaging Method
Figure 4 Test Image

Figure 5 Output Image with Exudates Detected

Figurel. Input OD Extracted Image
C.MDD Classifier

Figure 6 Input Images with Optic Disc Circled

Figure 2 Output Binary Images Showing Exudates in White
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Figure 8 Images Converted to Spherical Coordinates

Figure 9 Output Image with Exudates

Marked as Black

Figure 10 Boundaries of Exudates

IV.CONCLUSION

The position of optic disk is determined using the
Principal Component Analysis method with certain
modifications which makes the method to be fast and
robust. When the program was executed in a system
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having a configuration of 1GB RAM and 3.2GHZ
processor, the final output was obtained on an average
of 20 seconds. The identified Optic Disc area is
trimmed and then removed from the retinal image. The
program was tested on fifty images. When the results
were verified by binarizing the Optic Disc extracted
images, it was found that the Optic Disc was com-
pletely extracted for 39 images. Out of the remaining
11, 4 were poorly acquired fundus images. By using
propagation through radii method the chance of detect-
ing exudates in the proximity of the Optic Disc in-
creases by 25-40%. Later the exudates present are iden-
tified using Enhanced MDD classifier. Of the 39 im-
ages for which the Optic Disc was correctly extracted
35 images were abnormal images with exudates and 4
images were healthy normal images. By visual inspec-
tion it is found that though it did not find all the exu-
dates in few images, the MDD classifier identified all
the 35 abnormal images as abnormal and 3 normal im-
ages as normal. So once a retinal image is fed to the
system, the result indicates the presence of exudates.
This is useful when ophthalmologist visits an eye
camp, he can get the retinal images of many patients
using fundus camera and once these images are fed to
system, the abnormalities can be easily detected. This
reduces the analysis time and improves the efficiency.

REFERENCES

[1] D. Kavitha, S. Shenbaga Devi,” Automatic detection of  optic
disc and exudates in retinal images” Proceedings of 2005 Inter-
national Conference on Intelligent Sensing and Information
Processing, 2005. Volume, Issue, 4-7 Jan. 2005 Page(s): 501 —
506 Digital Object Identifier 10.1109 / ICISIP.2005.1529506

[2] Maria Garciaa, Clara I sancheza, maria I Llopez, Daniel Aba-
soloa, Roberto Horneroa, ‘Neural Network Based Detection of
Hard Exudates in Retinal Images’, ‘Computer Methods and
Programs in Biomedicine, Elsevier, Volume 93,Issue 1, Pages
9-19(Jan 2009).

[3] Akara Sopharak , Bunyarit Uyyanonvara and Sarah man, “Au-
tomatic Exudate Detection from Non-dilated Diabetic Retino-
pathy Retinal Images Using Fuzzy C-means Clustering’
WACBE World Congress on Bioengineering, Bangkok, Thail-
and.

[4] Giri Babu Kande, P. Venkata Subbaiah, T. Satya Savithri,
"Segmentation of Exudates and Optic Disk in Retinal Images,"
icvgip, pp.535-542, 2008 Sixth Indian Conference on Computer
Vision, Graphics & Image Processing, 2008

[5] Maria Garciaa, Clara I sancheza, maria I Llopez, Daniel Abaso-
loa, Roberto Horneroa, “A novel automatic image processing
algorithm for detection of hard exudates based on retinal image
analysis’, Medical Engineering and Physics, Volume 30,issue
3,pages 350-357(April 2008)

[6] Leistritz, Lutz; Schweitzer, Dietrich, “Automated Detection and
quantification of exudates in retinal images’, Proc. SPIE Vol.
2298, p. 690-696, Applications of Digital Image Processing
XVII

[7] A Osareh, M Mirmehdi, B Thomas, and R Markham,” “Auto-
mated identification of diabetic retinal exudates in digital col-

360



V.Vijaya Kumari et al. / (IJCSE) International Journal on Computer Science and Engineering

our images’, Br. Journal .of Ophthalmology. 2003, 87, 1220-
1223.

Li,H. And Chutatape, O. ‘ Fundus image features extrac-
tion °, Proceedings of the 22" Annual International
Conference of the IEEE Engineering in Medicine and Biol-
ogy Society, Vol.4, pp.3071-3073,2000.

[9] Wang, H, Wynne Hsu, kheng Guan Goh, Mong Li Lee, *

[10]

An Effective Approach to Detect lesions in Color Retinal Im-
ages’, IEEE Conference on Computer Vision and Pattern Rec-
ognition, vol.2,pp.181-186,Jan 2000.0

Clara 1. Sanchez,R. Hornero, Maria I. Lopez, J. Poza, *Retinal
Image Analysis to Detect and Quantify Lesions Associated
with Diabetic Retinopathy’, Proceedings of the 26" Annual In-
ternational Conference of the IEEE EMBS, San Fracis-
c0,CA,USA,September1-5,2004.

ISSN : 0975-3397

Vol. 02, No. 02,2010, 357-361

361





