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Abstract

Automated detection of lesions in the retinal images is an
important step, in detection of diabetic retinopathy. The
appearance and location of these lesions such as
microaneurysms, hemorrhages, exudates and cotton wool
spots are used for the assessment of diabetic retinopathy.
The early sign of diabetic retinopathy is recognition of
microaneurysm.  The detection of lesions helps
ophthalmologist to detect the emergence of its early
symptoms and determine the next action step for the patient.
A number of studies have been investigated on retinal
fundus images for diabetic retinopathy. Although many
algorithms have been developed, the accurate detection of
lesions in retinal images is still a challenging problem.
Automating this task, which is currently performed
manually, would bring more objectivity and reproducibility.
In this paper a local adaptive thresholding method to detect
and identify red lesions in retinal images is introduced. This
technique is tested on publicly available DIARETDBI
database.

abnormalities such as micro aneurysms, hemorrhages,
exudates cotton wool spots and new blood vessels. This can
cause loss of vision and even blindness.

These ~abnormalities are divided into two stages non-
proliferative diabetic retinopathy (NPDR) and proliferative
diabetic retinopathy (PDR). Non-proliferative diabetic
retinopathy can be further classified as Mild NPDR,
Moderate NPDR and Severe NPDR.

Mild NPDR is characterized by the presence of at least one
microaneurysm. Moderate NPDR is characterized by the
presence of hemorrhages, more micro aneurysms, soft
exudates and venous beading. Severe NPDR has more
hemorrhages, more microaneurysms and micro vascular
abnormalities. PDR is an advanced stage. In PDR the
signals sent by the retina for nourishment trigger the growth
of new blood wvessels. This may in turn cause
neovascularisation of disc and it may result in severe vision
loss and even blindness.

As increase in the number of diabetic patients, the number
of ophthalmologists is not sufficient to cope with all

_ ) patients. This limits the current diabetic retinopathy
Index ~Terms: FUNDUS image, —micro-aneurysm,  screening capabilities. Because the process of analyzing all
hemorrhage, exudates, cotton wool spots, diabetic  retinal FUNDUS images is time consuming and repetitive.

retinopathy (DR), Non-proliferative diabetic retinopathy
(NPDR) and proliferative diabetic retinopathy (PDR).

1. Introduction

The diabetes affects the blood vessels throughout the body
including kidneys and eyes. The long term diabetes can
cause irreversible preventable severe eye disease called
diabetic retinopathy. Diabetic retinopathy results when
diabetes affects blood vessels in the eyes, producing

Many of these images may not have any abnormalities.
Thus the requirement of the automating grading process by
which more patients can be screened and if require can be
sent to ophthalmologist for further examination. Several
automated techniques are designed for diabetic retinopathy
screening.

As explained above there are mainly three kinds of
symptoms in the diabetic retinopathy. First one is red lesion
that includes hemorrhages and microaneurysms. The second
is white lesion such as exudates and cotton wool spots.
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Third is new blood vessel. This paper focuses on the
detection of red lesion (microaneurysms and haemorrhages)
with  their color similar to the blood vessels.
Microaneurysms are small red dots and this may lead to big
blood clots called hemorrhages. Figure 1 shows a retinal
image with microaneurysms and hemorrhages marked.

Fig.1 Retinal image with microaneurysm and hemorrhages

In This paper methodology is explained in section Il.
Conclusion in Section I11.

2. Methodology
2.1. Database

Images were selected from the online DIARETDBI
database.The images of DIARETDBI were downloaded
from  http://www?2.it.lut.fi/project/imageret/diaretdb1/.The
database consists of 89 color FUNDUS images of which 84
contain at least mild non-proliferative signs of the diabetic
retinopathy and 5 are considered as normal which do not
contain any signs of the diabetic retinopathy according to all
experts who participated in the evaluation. Images were
captured using the same 50 degree field-of-view digital
fundus camera with varying imaging settings.

2.2. Preprocessing

A colored retinal image is made up of red, green and blue
components. Among these, green channel shows the best
vessel/background contrast [5],[7],[8], the blue channel
tends to be empty and the red channel tends to be saturated.
Furthermore, green component is less noisy compared to
other two , it contains significant information that can be
extracted from the FUNDUS image. Thus the green channel
is useful in the feature detection of diabetic retinopathy. For
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further processing green channel is extracted from RGB. Fig
2 and 3 shows extraction of 2D and 3D red, green and blue
components from RGB.

Onginal Image 2D Green Image
2D Red Image 20 Blue Image

.y

Fig 2 2D images

onginal iImage 30 Red Component
3D Green Component 30 Blue Componers

Fig 3 2D images
2.3. Detection of red lesions

Since the lesions are leaks from the side of swelling tiny
blood vessels [3], they tend to have spherical shape with
diameters greater than the feeding blood vessels. They have
particular pattern shapes extremely different from other
retinal features, like blood vessels.

To detect red lesions, firstly morphological operation erosion
is used to remove the vasculature, leaving the other small
structures representing the MAs shown in fig 4 c). Erosion [1]
shrinks or thins the objects in a binary image by the use of
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structuring element. The mathematical representation of
erosion is as shown below.

AOAs={z[(As)zNAc# D}
This morphological operation[4],[6],[9] gives high degree of
discrimination between linear and circular shapes and then
is suitable for discriminating red lesions from blood vessels.

Secondly Median filtering is applied on eroded image
shown in fig 4 d). Median filtering is a nonlinear operation
often used in image processing to reduce "salt and pepper"
noise. Median filtering also used to remove illumination [2]
variations in the image, a shade correction operation. This is
carried out by smoothing the green channel image with a
median filter of a large scale neighborhood window size,
applied on the main image to approximate the background.
Then subtracting the eroded image from the filtered image
shown in fig 5 a). This operation has the effect of leaving
features whose scale is smaller than the filter scale such as
red lesions. The size of the window in median filter must be
considered larger than the size of the largest vessel in the set
of entire images.

a) Original image b) Green image

| -

d) Median filtered image

Fig 4 a) Original image b) Green image c) Eroded image d)
Median filtered image

c) Eroded image

The estimate of the background called Ibg is obtained by
median-filtering eroded green channel image Ig. Then
eroded green channel image Ig is subtracted from Ibg with
correction factor as follows:

I=lbg-1b-C
Where C is correction factor.
Then resulting image is converted to a binary form with a

threshold ,shown in fig 5 b) followed by complimenting the
image shown in fig 5 c¢) .The threshold image converts the
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grayscale image to a binary image. The output of threshold
image replaces all pixels in the input image with luminance
greater than threshold with the value 1 (white) and replaces
all other pixels with the value 0 (black). Specify threshold in
the range [0, 1], regardless of the class of the input image.

In the complement of a binary image, zeros become ones
and ones become zeros. In the complement of intensity,
each pixel value is subtracted from the maximum pixel
value supported by the class (or 1.0 for double-precision
images) and the difference is used as the pixel value in the
output image. In the output image, dark areas become
lighter and light areas become darker.

a) Unifarm illumination b} Binary image

c) Complemented image

d) Red lesions
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Fig 5 a) Uniform illumination b) Binary image c)
Complemented image d) Red lesions

Finally dilation[4],[6],[9] used for thickening objects in a
binary image shown in fig 5 d).The extent of this thickening
is controlled by the Structuring Element (SE) which is
represented by a matrix of 0s and 1s.Mathematically,
dilation operation can be written in terms of set notation as
below:

ADAs={zZ(As)zNA#D}

Where @ is an empty element and As is the structuring
element .

3. Conclusion

In this work, adaptive thresholding for detection of red
lesions is proposed. Morphological operation erosion is used
to remove the vasculature, leaving the other small structures
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representing the MAs give the good result .The retinal
image contrast was improved and prepared better for
detection step.The proposed method is simple and the
images used for detecting red lesion are obtained from
FUNDUS camera. The algorithm is developed on
DIARETDBI images, tested on 25 images of DIARETDBI
and found satisfactory result.
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