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ABSTRACT

Diabetic Retinopathy is a common disease among those who
are suffering from Diabetes for a long period. Several
abnormalities are related to Diabetic Retinopathy. Cotton
Wool Spot is one among them. It causes from nerve fiber
layer breaking from occlusion of pre-capillary arterioles. It
occurs in retina as whitish spots causing blindness in some
cases. Early detection of CWS can prevent severe damage of
retina which may lead to permanent vision loss. In this paper
an algorithm is developed which can detect these spots
automatically from a retinal image affected by Diabetic
Retinopathy. The automatic detection can help the doctors for
accurate detection of Cotton Wool Spots and also for the
longitudinal study of a retinal image damaged by Diabetic
Retinopathy.
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1. INTRODUCTION

Diabetic Retinopathy is becoming a threat of blindness in
today’s life. The patients suffering from Diabetes for a long
time is also being affected by DR. DR is mainly of two types:
Proliferative and Non-proliferative. Among Non-proliferative
cases, Cotton Wool Spots (CWS) is one. The nerve fibers are
damaged for DR and accumulation of axoplasmic material
within these nerve fiber results in CWS. It is yellowish white
in color, small and nearly circular in size. The CWS spots are
treated as landmark of pre-proliferative retinopathy. As CWS
causes vision disturbance, early and accurate detection of it
can prevent permanent vision loss. Like CWS, some other
symptoms like Micro- Aneurysm (MA), Hard Exudates (HE)
are also associated with Diabetes. Several research works has
been done on MA and HE. But only few works is done on
CWS. Most of the works on retinal images are focused on
exudates detection. But those are mainly on hard exudates. On
soft exudates which is also called Cotton Wool Spots, only
few methods are developed. In this paper, a mechanism to
detect the CWS in retinal images is developed. The developed
algorithm is implemented using Matlab 12. The mechanism is
tested on both CWS affected retinal images as well as normal
retinal images. The algorithm uses Fuzzy C Means (FCM) for
segmentation. The final output contains CWS spots.

2. PREVIOUS WORK

A machine learning based approach has been developed
which can detect CWS M. Among 300 images, 100 images
were used as training image set and the rest were treated as
test image set. The machine learning algorithm could detect
the bright lesions from a retinal image. A clustering based
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approached is developed where after preprocessing of the
image, K means clustering has been done . Images are
segmented using K means and then a set of features are
identified depending on color and texture of the segmented
images. Then segmented areas are grouped into exudates and
non-exudates. Based on extraction of feature space from a
collection of reference images, an approach is developed for
detecting lesions in retinal images 1. A method which is first
trained to detect microaneurysms is applied to the test data
set. A large database is used for this purpose. Exudates are
detected using Fuzzy C Means from non-dilated DR images
M Some basic features like intensity, hue, standard deviation
on intensity are used for FCM. This method shows a high
sensitivity and accuracy. A statistical classification and
verification based on local window is used for detection of
lesions in retinal images . The presence of exudates is tested
in this approach. A high accuracy rate for identifying an
image containing exudates is achieved. But the accuracy for
identifying a normal retina is low. A set of morphological
operators are used to detect microaneurysms from diabetic
retinopathy images .. Microaneurysms are also associated
with the basic symptoms of DR. Existence of exudates are
treated as a clear symptom of DR. Using some morphological
techniques and watershade transformation, an algorithm is
developed for detection of exudates!”. In this case exudates
are identified by the clear variation of their gray level and the
contour of exudates is also detected. An approach using fixed
and variable threshold value is developed for detection of OD
and exudates in retinal images in [8]. Detection of OD along
with exudates are done in [8]. In our paper, section 3
describes the algorithm developed to detect CWS. Also,
explanation for each step of the algorithm is given in this
section. In section 4, flowchart and output for each step of the
algorithm is given. Performance Analysis of the approach is
discussed in Section 5. Conclusion is written in section 6.
Section 7 contains Acknowledgement and section 8 is for
references.

3. ALGORITHM

Step 1: Retinal image with Cotton Wool Spots is taken as
input

Step 2: This colored input image is converted into gray scale
image

Step 3: Contrast enhancement is done on this gray image by
matlab functions

Step 4: Position of Optic Disc is detected from this contrast
enhanced image

Step 5: Segmentation using FCM is applied on this
preprocessed image

Step 6: From the segmented image, the area containing CWS
along with OD is extracted
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Step 7: OD is eliminated from this image and CWS is
obtained as final output

The steps of this algorithm are discussed in details.

3.1 Taking Retinal Image as Input

About 20 retinal images affected by Diabetic Retinopathy are
collected as input images. These images contain CSW. Some
normal retinal images are also taken to test whether the
algorithm can identify these images as normal retina or not.

3.2 Converting it in to Gray Image

The input colored image is converted to gray scale image for
preprocessing. This is done by inbuilt Matlab function. The
reason is for achieving ease to handle the image. Generally
colored image is represented by three matrices whereas a gray
image is defined by a single two dimensional matrix.

3.3 Preprocessing of the Image

The gray scale image is now preprocessed with contrast
enhancement. This makes the image clearer and cotton wool
spots get prominent. Matlab functions for contrast
enhancement are used for this purpose.

3.4 Detection of the Position of Optic Disc
In any retinal image, OD is the brightest region. So the
brightest point of the image is detected which is any point on
Optic Disc (OD). Depending on this point a mask image is
formed.

3.5 Segmentation Using Fuzzy C Means
Segmentation is a process which subdivides an image into its
constituent regions or objects. In this case, three clusters are
defined. The retinal image contains three colors- Dark red for
the blood vessel tree, whitish yellow or very bright yellow for
the Optic Disc (OD) and Cotton Wool Spots and yellowish
red for the rest part that is mucus and membrane of retina.
Now for segmenting the retinal image, the following
algorithm is used.

Step 1: The image is loaded as data.
Step 2: Number of cluster is set to three.

Step 3: The data along with number of cluster is passed to fcm
function.

Step 4: A matrix is returned by the function which contains
the membership value of each pixel into three classes.

Step 5: For each pixel, it is assigned to that class in which it
has the highest membership value.

Step 6: After all the pixels of the input image gets its own
class, three different colors are assigned.

Here, three different colors are used : black which is
represented by 0 in the gray scale [0 255], white represented
by gray value 255 and gray represented by gray value 128. As
CWS shares same color with OD, both of these falls in same
class. After segmentation is applied, three regions get three
different colors. Three different colors are randomly assigned
to three different segments.
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3.6 Extraction of the Segment with CWS
The segmented image contains three different regions. CWS
gets same color as OD. Using the coordinate position of OD,
the particular region is extracted. This extracted portion
contains CWS along with OD but the blood vessel tree and
the empty area of retina is removed.

3.7 Extraction of Cotton Wool Spot

For extracting CWS, a mask image is used. This mask image
contains a cover for OD. The OD point is used for this
purpose. A rectangular white portion works as cover of OD.
The mask image and the extracted image containing OD and
CWS are combined with analogical operation using Matlab.

4. FLOWCHART AND OUTPUT

In Figure 1, the flow control of the algorithm is depicted.
Figure 2 to Figure 7 displays the images obtained in the
different stages of execution of the algorithm on retinal image
containing CWS. Figure 2 is the input image having CWS.
Figure 3 is obtained after converting the input image into gray
scale. Figure 4 displays the contrast enhanced image where
the CWS becomes prominent. In Figure 5, the result found
after segmentation using FCM is shown. After extraction of
the portion containing CWS and OD, Figure 6 is obtained.
Figure 7 shows the final output image after eliminating OD.
Results of applying the above mentioned algorithm on another
image is also shown. Figure 8 is another retinal image with
CWS and the image after detection of CWS is shown in
Figure 9. Five normal retinal images are taken for applying
the algorithm. Among these, three images are giving correct
result but for two images, false detection of CWS is
generated. This normal retina is display in Figure 10 and the
corresponding false detection is shown in Figure 11.

Input retinal image

\ 4
Detection of position of Optic Disc

A

Conversion into gray image

Preprocessing of the image

\ 4
Segmentation of the image

v

Extraction of brightest segment

!

Extraction of Cotton Wool Spot

Figure 1: Flow Chart of the Algorithm developed for
detection of Cotton Wool Spots
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Figure 2: Input image with CWS
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Figure 7: CWS after removal of OD

Figure 8: Image with CWS  Figure 9: CWS detected
5. PERFORMANCE ANALYSIS

The developed algorithm is tested on 20 images which can be
accessed publicly. Among these images, 15 images contain
CWS and rest 5 images are normal retinal image. Now the
performance analysis is done depending on Sensitivity’,
Specificity and Predicted Value. For each image, these three
measures are calculated. Sensitivity is measured by the ratio
TP/(TP+FN) where TP is the number of pixels which are truly
classified as CWS and FN is the number of pixels which are
actually on CWS but not classified as CWS. Specificity is
measured by TN/(TN+FP) where TN is the number of pixels
correctly classified as non-CWS point, FP is number of pixels
wrongly classified as CWS. Predicted value (PV) is the
probability of a CWS pixel to be correctly classified as CWS
pixel. Now, for 20 images, the measures are calculated and
shown in Table 1. In Figure 12, the graph of Sensitivity-
Specificity-Predicted Value Vs Images is displayed. In the
graph, Blue curve represents Sensitivity, Green curve
represents Specificity and Red curve is for Predicted Value in
percentage.

Table 1. Sensitivity, Specificity and Predicted Value Table

Figure 4: Preprocessed image

Figure 5: Segmented image by FCM

Figure 10: Normal retina Figure 11: False detection
Image 6 0.87 0.96 0.92
Image 7 0.86 0.91 0.90
Image 8 0.91 0.97 0.92
Image 9 0.92 0.95 0.93
Image 10 0.89 0.96 0.94
Image 11 0.87 0.92 0.90
Image 12 0.92 0.94 0.92

Image 13 0.84 0.92 0.89
Image 14 0.82 0.93 0.90
Image 15 0.86 0.97 0.93
Image 16 0.97 0.92 0.92
Image 17 0.92 0.96 0.93
Image 18 0.90 0.94 0.91
Image 19 0.85 0.98 0.96
Image 20 0.96 0.91 0.93

Image Sensitivity Specificity Predicted Value
Imagel 0.92 0.95 0.92
Image 2 0.90 0.96 0.93
Image 3 0.87 0.92 0.90
Image 4 0.89 0.93 0.92
Image 5 0.91 0.97 0.95
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Figure 12: Sensitivity-Specificity-Predicted-Value graph
6. CONCLUSION

The paper concentrates on detection of Cotton Wool Spots
from retinal images afftected by Diabetic Retinopathy. CSW
are treated as basic sympyoms of DR which later may lead to
permanent vision lose. So early detection of CWS can be used
as the prevention of blindness. Applying the algorithm
described in this paper, longitudinal study can be made to
track the progress of the desease. The algorithm is
implemented using Matlab 2012a. It can detect Cotton Wool
Spot from the diseased retinal images with accuracy as tested
on several retinal images. While eliminating the OD from the
retinal image, then the brightest point on the OD is detected to
identify OD. A slight modification can be made in the process
of identification of OD as for some retinal images which are
blurred, brightest point may not refer to a point on OD. If the
CWS are very close to Optic Disc, then it becomes very
difficult to separate these two. To overcome these problems,
modification can be implemented into the current algorithm in
future. Also the false detection of spots from normal images
can be modified in further study.
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