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Abstract — The retina is an important part of the eye for humans. In besides its main
function as part of the sense of sight, in the world medically, the retina after an image can
be used to detect a number diseases, such as diabetic retinopathy. To detect a number of
diseases, Retinal digital images taken using a digital fundus camera are used. In detecting
diabetic retinopathy, digital images are needed segmented retina. Nevertheless, automatic
segmentation of digital images the retina is a complex work, given the presence of
artifacts as well as noise on the retinal digital image, evenly illuminated, intensity low,
low contrast, and varying lengths of retinal blood vessels. In this research, a blood vessel
segmentation software system has been designed through three stages image processing,
namely (i) preprocessing, (ii) improving image quality, (iii) and segmentation of retinal
blood vessels. With three image processing stages, the performance value is obtained, i.e.

84.62.
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l. Introduction

The retina is an important part of the eye for
humans. On humans, the retina functions to receive
focused light from the lens, change it into the form
of certain signals, and then send these signals to the
brain through neural networks (Qin-Li, 2010).
Besides its main function, in the medical world, the
retina after imaging is also used to detect a number
of diseases, such as diabetic retinopathy,
hypertension, and glaucoma (Nandy and Banerjee,
2012).

To detect a number of diseases, digital images of
the retina are used taken using a digital fundus
camera. In detecting on a number of diseases,
especially diabetic retinopathy and hypertension,
are needed segmented retinal digital image. In the
past few decades, automatic segmentation of retinal
digital images with the help of computers became a
popular thing (Tavakoli, 2010).

Nevertheless, segmentation automatically retinal
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digital image is a complex work, given the presence
of artifacts and noise in the retinal digital image,
the illuminations are uneven, dark intensity, low
contrast, and long blood vessels various retinas
(Fraz et al, 2011).

Several studies have been conducted to segment
retinal blood vessels. One of them is a study
conducted by Bob Zhang et al (2010) using a
matched filter with the first derivative of gaussian
as the method. The study was 93.82% accuracy.
Similar studies were also carried out by Fraz et al
(2011) using multiscale line strength, gabor filters
and morphological features as the method, and gave
an accuracy of 94.76%. Better results in a similar
study of 96.16% accuracy were obtained by Nandy
and Banerjee (2012) who used gabor filters and
artificial neural networks as the method. Further
research on segmentation and analysis of FAZ for
the classification of diabetic retinopathy has been
carried out by Fadzil et al (2011) with independent
component analysis (ICA) as the method and
produces a sensitivity of 90.81%, specificity
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98.29% and accuracy of 97.46%.

In this research, a software for the effort will be
designed segmentation of blood vessels in the
retinal digital image for the detection of diabetic
retinopathy. Matched filters are used to segment
retinal blood vessels. It is expected to get an output
in the form of blood vessel segmentation as well
value of sensitivity, specificity, and accuracy. In
addition, results vessel segmentation in this study
can be used for detection of diabetic retinopathy.

Il. Basic Theory

1.1. Eye

The eye is one of the senses, precisely the sense
of sight. Eye capture information from the
surrounding environment in the form of light for
later analysis and interpretation. The process of
visual perception involves systems with complex
structures, where each of the constituent
components of the eye has their respective
functions. One of the components of the human eye
is the retina (Remington, 2012).

The retina is a sensitive layer of the eye and
functions to receive images that have been
converted by the lens into brain signals, and
transmit these signals to the brain through the optic
nerves. The retina functions like a film on a camera.
The shape of the cross section of the human eye and
its retina can be seen in Figure 2.1 (Hikmah, 2008).
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Fig. 1. Eye (Hikmah, 2008)
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[1.2. Diabetic Retinopathy

Diabetes mellitus (DM) is the most common
degenerative chronic disease with high morbidity
and mortality rates in the world. World Health
Organization (WHO) reports that Indonesia ranks
fourth, the country with the highest number of
people with DM. This number will reach 21.3
million in 2030 (Sitompul, 2011).

According to Rema and Pradeepa (2007),
diabetic retinopathy (DR) is a blood vessel disorder
that attacks the retinal microvascular. It is
estimated, that diabetes mellitus accounts for half
of the many sufferers of DR. DR is suffered by both
people with type | and Il diabetes mellitus.
According to epidomological studies, almost all
people with type | diabetes mellitus suffer from DR,
and about 75% of patients with type Il diabetes
mellitus also suffer from DR.

11.3.  Multiscale Top Hat Transformation

According to Liao (2014), top-hat transformation
operations are divided into two transformation
operations, namely white top-hat transformation
(WTH (x, y)) operations, and black top-hat
transformation (BTH (x, y)) operations. The two
transformation operations can be formulated by
equations (2.5) and (2.6) (Liao, 2014).

WTH(x,y)=f—f-=b (2.5)

BTH(x,y)=f-b—f (2.6)

White top-hat transformation is used to extract
bright areas, while black top-hat transformation is
used to extract dark areas from a grayscale image
(Liao, 2014).

I1.4. Histogram Fitting Strectching

Image quality improvement techniques aim at
improving quality image both from the human
visual side, as well as from the information
contained therein. Image quality improvement can
be performed point operations, spatial operations,
geometry operations and arithmetic operations. One
of the four methods above that is easy to do is point
surgery, where stretching contrast is included
(Putra, 2009).

Contrast stretching is a very useful technique for
improve image contrast especially images that have
low contrast. Contrast stretching works by
transforming the gray degree of the input image
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into a range that tends to be wider using a particular
transformation function.

I1.5. Matched Filter

Matched filter is an optimal linear filter designed
to detect the presence of a signal in the structure
noise that is already known (Wilkinson, 2013).
Matched filters work by maximizing the ratio or
ratio of signals to noise (SNR) on signals that are
detected against noise contained in the structure
(Bancroft, 2002).

Generally, retinal digital images have low
contrast, so it is difficult to distinguish between
blood vessels and other objects. The basic idea of
using a matched filter is to take a number of
samples at the meeting points of the retinal blood
vessels. The gray level of the sample is further
approximated by a gaussian curve (Chanwimaluang
et al, 2003).

The application of matched filters on retinal
digital images is done by convoluting matched
kernel filters with retinal digital images to improve
the quality of blood vessels in retinal digital
images. The matched kernel filter used is defined
by the following equation (2.21).

2

X
K(x,y) = —exp(ﬁ).l;vl <L/2

Where L is the length of the segment for a vessel
considered to have a fixed orientation on the y axis
(Supot et al, 2007).

I1.6. Length Filter

As generally, the filter functions to filter or skip
certain cues. This also happened to the length filter.
Length filters work by applying certain threshold
values to images that have been labeled into certain
objects. Objects whose neighbors are less than the
threshold value will be minimized. Length filters
are usually applied to reduce noise in binary images
(Ardizzone, 2008)

I11. Methodology

The data used in this study were 35 retinal digital
images. The data was obtained by downloading a
set of retinal digital image data from the official
website of Digital Retinal Images for Vessel
Extraction (DRIVE). To carry out this research, a
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laptop device was used Intel Celeron CPU 1007U /
2GB RAM specs. The laptop is equipped with
MATLAB R2013a as the main application to carry
out this research.

From the results of retinal digital images
obtained, done image processing in order to obtain
the desired image, namely FAZ. The steps of retinal
digital image processing are as following. First, the
preprocessing step is done green channel and
cropping each retinal digital image. Second, the
stages of image quality improvement consist of
multiscale top-hat transformation and histogram
fitting stretching. Third, retinal segmentation is
performed using matched filters and length filters.

1VV. Result and Discussion

A.Preprocessing

At this preprocessing stage, two operations are
carried out, namely taking green channels on the
retinal digital image and cropping. Both operations
are carried out to obtain the appropriate part of the
image this research needs.

Intake of the green channel on the retinal digital
image aims to create an image that only has one
channel value per each the pixel. The original
retinal digital image has the RGB format, where
each channel is represented by a specific matrix as
explained in the previous review. For this reason, it
is enough to take green canals by taking a matrix
that represents only green canals. Likewise in
taking red and blue channels.

(c)

Fig. 2. Red (a), green (b), and blue (c) channel images
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It appears that the image of the green channel has
the best contrast and illumination compared to the
other two channels, so it can be distinguished
between blood vessels and background. That way,
the process of segmenting blood vessels in canal
images green can be done to the maximum.

The cropping process is done automatically using
Matlab 2013a software. Initial image of the retina,
which is 565x584 pixels, is cut to 200x200 pixels.

Fig. 3. Digital retinal images before cropping (left)
and after cropping (right)

From the picture above, it appears that the
cropping stage removes the black frame of the
retinal digital image. The area was chosen because
to be able to detect diabetic retinopathy, an area of
Fovea Avascular Zone (FAZ) is needed (Fadzil,
2011).

B. Image Quality Enhancement

The image enhancement stage is divided into
two, namely multiscale top-hat transformation and
histogram fitting stretching.

Fig. 4. Images before (left) and after (right) multiscale
top-hat transformation operation

lit appears that the image of the multiscale top-
hat transformation operation has a higher contrast
than the image before the multiscale top-hat
transformation operation. Thus, the difference
between blood vessels and the background is
increasingly clear. The image of the results of the
multiscale  top-hat  transformation  operation
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becomes input at the histogram fitting stretching
stage.

Fig. 5. Images before (left) and after (right) histogram
fitting stretching operation

This is evidenced by the increasingly clear
differences between blood vessels and background.
Along with the increased contrast, the process of
segmentation of blood vessels in the later stages can
run optimally.

C. Vessel Segmentation

In this study, retinal blood segmentation was
implemented using matched filters. In the operation
of a matched filter the kernel is needed. The
following is an example of the image of the results
of retinal blood segmentation with matched filters.

Fig. 6. Example of segmentation retinal blood vessel
result

Referring back to the Figure above, it appears
that there are non segmented blood vessels. This
can be categorized as noise. To overcome this, a
length filter is used. The length filter operates by
applying a certain threshold value (N), so that noise
with a pixel count less than the N value will be
eliminated.

From the table below, an average accuracy of
84.62 is obtained. this indicates that blood vessel
segmentation has been successfully performed.
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TABLE |
ACCURACY OF RETINAL VESSEL SEGMENTATION RESULTS
1 86.39
2 82.73
3 79.13
5 85.22
6 84.27
7 90.05
8 83.82
9 86.25
10 85.28
11 84.11
12 83.02
13 83.81
14 78.81
16 83.88
17 83.75
18 85.16
19 84.57
20 87.48
21 81.04
22 84.59
24 81.69
25 84.75
26 86.63
27 82.69
28 86.45
29 86.17
30 85.65
32 83.18
33 82.95
35 88.82
36 84.94
37 86.93
38 86.69
39 86.39
40 84.41

IVV. Conclusion

A successful foveal avascular zone (FAZ)
segmentation software system has been designed on
the retinal digital image. The system consists of
three stages of image processing, namely (i)
preprocessing, (ii) enhancement of image quality,
(iii) retinal vein segmentation. From the results of
system testing, obtained an average high accuracy,
which is equal to 84.67%.
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