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ABSTRACT

Optical Coherence Tomography (OCT) is an emerging technology that can provide
high-resolution cross-sectional images of the retina for identifying, and quantitatively
assessing of the retinal disease. On OCT images, retinal disease area appears in two
conditions, either white or black color. Quantitative information of retina is needed to
evaluate the degree of disease and the effectiveness of the treatment. In the previous
researches, we already proposed some automatic measurement methods of the thickness
between Inner Limiting Membrane (ILM) and Retinal Pigment Epithelium (RPE) from
OCT images. One of the methods used was the combination of bottom-up image
processing technique and a proposed contour active net model (One Directional Active
Net (ODAN)), but resulted in similar problems namely inability to extract abnormal
area in some cases and inability to extract the abnormal area in white condition.

The main objective of this research is to develop a new generation computer aided
diagnosis support system for OCT. The experimental materials used in this research,
consists of two sets of 128 pieces of two-dimensional images of a retina. One set was
obtained from a drusen patient and another set from a diabetic macular ederma (DME)
patient. All of these images were digitalized to a pixel size of 6um x 6um, 16-bit gray
scale with resolution 512 x 480 pixels. Out of 128 pieces of OCT images from each set,
only 36 pieces of images which contained abnormal area were used as the final
experimental materials. In this research, we used two conventional methods and

proposed three new methods. At the end of the experiment, a comparison was made

xiii



between different methods of extracting the abnormal area from selected images. The
results showed that a new proposed method which is border tracking procedure using
regional statistics method provides the best extraction rate compared to others.

We hope that this procedure may be added in the commercial OCT unit to evaluate the

degree of retinal disease suffered and enable appropriate response for treatment.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

The World Health Organization (WHO) reported in year 2010 that globally, the
number of people from various group of ages, suffering from visual impairment is
estimated to be 285 millions, of whom 30 millions are blind and 246 millions have low
vision around the global. Ninety percent from the given statistics live in developing
countries (Pascolini & Mariotti 2011). However, compared to the condition in last 20
years, the number of visual impairment has greatly decreased. This decline is principally
the result of a reduction in visual impairment from infectious disease through concerted
public health actions. Statistics data showed that there has been significant progress in
preventing and curing visual impairment. Approximately 80% of all visual impairment
can be prevented or cured. Progress has been made towards prevention and treatment of
visual impairment through the following efforts; (WHO, 2012)

a. Governments establishing national programs to prevent and control

visual impairment.



b. Eye care services increasingly integrated into primary and secondary
health care systems, with a focus on the provision of services that are
available, affordable and high quality.

C. Campaigns to raise awareness, including school based education.

d. Stronger international partnerships, with engagement of the private

sector and civil society.

Currently, clinical doctors emphasize more development of techniques to
diagnose disease at its early stages, to ensure a more effective treatment which helps in
delaying and preventing irreversible damage to a patient. In ophthalmology, the precise
visualization of pathology is especially critical for the diagnosis and staging of macular
disease. Therefore, new imaging techniques have been developed to augment a
conventional fundoscopy which examines the human retina visually. However, the
conventional fundoscopy only can examines the surface of the retina. To inspect
cross-sectional of retina, ultrasonic wave is used. Ultrasonography is always used in
ophthalmology, but requires physical contact with the eye and has axial resolutions of
approximately 200um (Bamber and Tristam 1988). High frequency ultrasound enables
approximately 20um axial resolution, but due to limited penetration it only allows
anterior eye structures can be imaged (Pavlin et al. 1992). Confocal microscopy has
been used to images the cornea with sub micrometer transverse resolution (Master &
Thaer 1994). Scanning laser ophthalmoscopy enables en face fundus imaging with
micron scale transverse with approximately 300um axial resolution (Webb et al. 1980;
Bille et al. 1980). However, none of these techniques support high resolution, cross

sectional imaging or retinal in vivo.



Recently, optical coherence tomography (OCT) has emerged as a new
technique that provided high resolution and cross sectional imaging (Huang et al. 1991;
Puliafito et al. 1995). OCT is attractive for ophthalmic imaging for several reasons.
Among the advantages cited are, the image resolutions produced are one to two orders
of magnitude higher than conventional ultrasound. Imaging can be performed non
invasively and in real time, and quantitative morphometric information which can be
obtained (Huang et al. 1991). OCT is similar to ultrasound, but it is uses light instead of
sound. However, the most important clinical applications of OCT have been retinal
imaging in ophthalmic diagnosis (Puliafito et al. 1995; Bowd et al. 2000). Details on the

OCT theory are explained in Chapter 2.

1.2 PROBLEM STATEMENT

The eye is the organ of sight, a nearly spherical hollow globe filled with fluids.
The retina is the light sensitive layer of tissue at the back of the inner eye. It acts like the
film in a camera, and images come through the eye's lens and are focused on the retina.
The retina then converts these images into electric signals and transmitted them via the
optic nerve to the brain. The color of a healthy retina is normally red due to its rich
blood supply. An ophthalmoscope allows a health care provider to see through the pupil
and lens to the retina. If a provider sees any changes in the color or appearance of the
retina, it may indicate a disease affecting it. Retinal diseases vary widely. Some diseases
are common and easily remedied, while other diseases are rare, more difficult to
diagnose and require more complex treatment.

Currently, OCT is known as a noncontact high resolution technique for



obtaining cross sectional images of transparent and translucent structures. The main
application field of OCT is imaging of the human retina where a lot of researches shown
the diagnosis achievements of this technology (Lattanzio et al. 2001; Drexler et al.
1998).

Despite the success of OCT in retinal diagnosis applications, the technology
still has, in its present state, a major shortcoming in the number of developing the useful
analysis software. Diagnosis support systems or software are very important in assisting
a medical doctor to evaluate and decide on a suitable process of the treatments or
medications. The ability to detect the abnormal area in the OCT retinal images has
potential advantages to improve methods of treatments. In order to evaluate the
effectiveness of any treatment for the disease in a more precise manner, some medical
doctors requires extra functions that can extract and measure the abnormal area in the

OCT retinal images.

1.3 RESEARCH OBJECTIVE

The main goal of this research is to develop a new generation computer aided
diagnosis support system for OCT. This particular system will extract automatically the
abnormal area in the OCT retinal image that selected by the medical doctor. The
research involved experimentation on OCT retinal images from human eyes using
conventional and newly proposed methods. This research uses data collection and
analysis from both techniques followed by the comparisons of the method used. The
specific objectives of the research are as follows:

I. To identify the abnormal area by medical doctor themselves



ii. To extract the abnormal area from the OCT human retinal images.
Ii. To measure the abnormal area

iv. To develop computer aided diagnosis support system for OCT images.

14 THESIS ORGANIZATION

This thesis consists of fives chapters in order to describe the fundamental of the
works and involved activities carried out. Thesis organization follows closely to the
research activities and structures. Chapter | briefly discusses the research background,
the problem statements, and research objectives. The Chapter also describes
organization of the thesis. Chapter Il explains the background of the OCT and discusses
on the human eye structures. In this chapter also, literature reviews on OCT technology
and application, and related researches are presented here. Chapter Il discusses the
traditional methods and newly proposed methods. Data collection and data organization
are highlighted in this chapter. Chapter IV presents the results of the experiments and
discussions on the research findings. Lastly, Chapter V contains the summary of the
research, includes the limitation of the research. Any recommendations and suggestions
for the future enhancements and improvements of the newly proposed methods, also

part of this chapter.



CHAPTER I

LITERATURE REVIEW

2.1 EYE STRUCTURE

Retinal locates at the back part of the eye that contains the cells that respond to
light. It acts like the film in camera; images come through the eye’s lens and are focused
on the retina. The retina then converts these images to electric signals and sends them
via the optic nerve to the brain where the electric signals are converted into images. The
densely packed photoreceptor (light sensitive) cells in the macula control all the eye’s
central vision and are responsible for the distinguish details. The retina is usually
divided into the distinct layers (Figure 2.1) including four layers of cell layers and two
layers of neuronal interconnections contained ten layers (Gass 1997; Krebs & Krebs
1991). The layer of the retina starting from its inner, are as follows; (1) internal limmitin
membrane, (2) nerve fiber layer, (3) ganglion cell layer, (4) inner plexiform layer, (5)
inner nuclear layer, (6) outer plexiform layer, (7) outer nuclear layer, (8) external

limiting membrane, (9) photoreceptor layer, and (10) retinal pigment epithelium. The



most common of functional blindness or ocular disease is breakdown of the macula.
Damage to the macula results in the lost, either partial or complete, of ability to see
objects clearly in the center of vision. Although not totally blind, the person has
difficulty performing tasks and continue pursue some normal daily activities without

assistance.
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Figure 2.1: Retinal layer (taken from www. http://telemedicine.orbis.org)

2.2 OPTICAL COHERENCE TOMOGRAPHY (OCT)

Optical coherence tomography (OCT) is a new technique of optical imaging


http://telemedicine.orbis.org/

technology. In ophthalmology, OCT can perform high resolution, cross sectional
imaging of retinal morphology. The quantitative morphometric information of retina
can be obtained in order to assessing the retinal diseases. Imaging can be performed in
real situation and real time with one to two orders of magnitudes finer than conventional
ultrasound. OCT imaging is similar to conventional ultrasound imaging except it uses
light instead of sound. The unique features of OCT make it become a powerful
technology, which promises to enable many fundamental research and clinical

applications.

Recently, optical coherence tomography (OCT) has emerged as a promising
new technique for high-resolution, cross-sectional imaging. OCT is attractive for
ophthalmic imaging because image resolutions are 1-2 orders of magnitude higher than
conventional ultrasound. Imaging can be performed non-invasively, in real time. There
are several different methods for performing OCT, but essentially imaging is performed
by measuring the magnitude and echo time delay of back-reflected or back-scattered
light from internal microstructures in materials or tissues. OCT images are two
dimensional data sets, which represent optical back-reflection or back-scattering in a
cross sectional plane.

As mentioned above, interference lies at the core of the OCT imaging method.
One of the two signals is the interfere signal in internal as the reference beam, and the
other one, is the reflected signal reflected by the target, as the object beam. Different

interferometer configuration also can be used in OCT.
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Figure 2.2: Principle of OCT

Figure 2.2 illustrates the principle of OCT. The light from swept source is
divided into two beams by using a plate beam-splitter. Light exiting the reference fiber
is incident upon a reference delay and redirected back into the same fiber. Light exiting
the sample fiber in incident upon a scanning mechanism designed to focus the beam on
the sample and to scan the focused spot. The light back-scattered or back-reflected from
the sample is directed back through the sample optical scanning system into the sample
arm fiber, where it is mixed with the returning reference arm light in the fiber coupler,
and the combined light is made to interfere on the surface of a photo detector or receiver.
The interfered amplitude is arrayed as two dimensional data, and cross-sectional

grayscale image is generated (Figure 2.3).
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Figure 2.3 Structure of eye and OCT image

2.3 OCT IN OPHTHALMOLOGY

OCT is a powerful technology in ophthalmology because it can identify early
stage of the retinal disease before physical symptoms and irreversible vision loss occurs.
Furthermore, the quantitative information by repeated imaging can be performed to
track disease progression or monitor the effectiveness of treatments. The technology
was introduced commercially for ophthalmic diagnostics to the market in 1996 by Carl
Zeiss Meditec (Swanson 2009). Current ophthalmic OCT system is now accepted as a
standard of care in ophthalmology and is consider essential for the diagnosis and
monitoring of many retinal disease as well as glaucoma (Fercher 1996; Schuman et al.
2004). However, the most important clinical applications of OCT have been retinal

imaging in ophthalmic diagnosis (Bowd et al. 2000).

The development of OCT in ophthalmology proceeded rapidly. In ophthalmic

imaging, the high detection sensitivity of OCT enables imaging structures such as retina.

10



Hence, high depth resolution is an important feature for any imaging technique used to
diagnose retinal pathology. The first in vivo retinal images were obtained in 1993
(Fercher et al. 1993). The potential of OCT in diagnostic imaging of retinal disease was
proven in 1995 (Puliafito et al. 1995) and in the same year, the application of OCT to
high resolution imaging of the normal human retina was demonstrated (Hee et al. 1995).
At present, OCT provides axial resolution of 2-3um represents a significant advance in
performance over the 10-15um resolution currently available in ophthalmic OCT
systems. This resolution is the highest resolution for in vivo ophthalmologic imaging
achieved to date (Draxler et al. 2001). Many retinal diseases are accompanied by
changes in retinal thickness. The thickening of the retinal nerve fiber layer may be an
important indicator for early glaucomatous changes (Zeimer et al. 1998). By using
image processing techniques and OCT images, retinal thickening caused by retinal
diseases such as macular edema or glaucoma (Schuman et al. 1995; Zaimer et al.
1998) and its layers could be estimated quantitatively. Quantitatively measurements of
the retinal thickness and its layers are of particular importance in the assessment of

retinal diseases.

In a retinal diagnosis using OCT, light beam from optical source is directed
onto the retina to be imaged. The back reflected light produced by the accident with the
retinal layer contained interference beam. The retinal OCT images generated by
scanning the reflected beam, producing two-dimensional data set displayed as a gray
scale image (Fujimoto et al. 2000; Huang et al. 1991). The generated images (Figure
2.3) show the structure of retinal morphology at an intra-retinal level. The precise
visualization of retinal structure morphology is the most critical in diagnosis ocular
disease. Therefore the needs of retinal imaging using OCT devices have been growing

11



(Drexler et al. 2001).

Figure 2.4 OCT image for normal retina

Figure 2.5 OCT image for abnormal retina

Abnormal area in the retinal can exist in two conditions, either black or white

color when scanned using OCT machine. Figure 2.6 shows the abnormal area in black

12



condition and Figure 2.7 shows the abnormal area in white condition.

abnormal area

Figure 2.6 Abnormal area existed in black condition
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abnormal area

Figure 2.7 Abnormal area existed in white condition

Quantitative information on retinal thickness between inner limiting membrane
layer (ILM) and retinal pigment epithelium (RPG) (Tony et al. 2005) and abnormal area
in the retinal can be used to assess the retinal disease and also the process of treatment.
The extraction method of the thickness between inner limiting membrane and retinal
pigment epithelium using morphological technique has been done in 2008 (Yagi et al.
2008). This method used bottom up approach to detect the layers of inner limiting
membrane and retinal pigment epithelium. Even though this method can extract both
layers for normal retinal OCT image, it has a problem in detecting the both layers in
abnormal retinal OCT image. This method also cannot extract very well to some OCT
images contained large noises. To improve Yagi's method, one directional active net

(ODAN), which is one of the dynamic contour model employs a new energy function to

14



extract automatically the inner limiting membrane layer and retinal pigment epithelium
layer (Yamakawa et al. 2010). Active net (Sakaue & Yamamoto 1991) is based on the
energy minimization theory and all nodes of ODAN move to vertical direction. The
results showed that the ODAN can improves Yagi's method. Figure 2.8(a) and Figure
2.8(b) show the result that the ODAN method can extract the layers in both normal and

abnormal OCT images.

(@) Normal retina

15



(b) Abnormal retina

Figure 2.8 Extracted border using ODAN

As explained before, human's retina contains ten layers. The structure images
of the retinal layers were shrunken or broken by the existed disease. The number of
layer boundaries will decrease at the abnormal area. The analysis to evaluate the size of
retinal disease by calculating the number of retinal layers (Kodama et al. 2010) takes
too much time around 5.33sec per OCT image. However Kodama's method only can
detect the abnormal area in white color condition and cannot extract the actual size of
retinal disease but only the disease size in horizontal direction. All of these three
methods also have the same problems which are:

I. They cannot extract the abnormal area itself, which mean can extract

only the retinal thickness.

ii. They cannot extract the layer's border if the retinal border in damage

condition.

16



iii. They cannot extract the abnormal area in white condition.

Conventional extraction methods evaluate the retinal disease and treatment
effectiveness by measure the thickness of retinal layer. In this research, | used two
conventional methods and proposed three newly extraction methods that only extract
the abnormal area in the retinal images. These methods will give more precise results

and can reduce the processing time.

17



CHAPTER 11

RESEARCH METHODS

3.1 METHODOLOGY

This chapter describes the experimental methods applied to extract the
abnormal area from OCT retinal images. Five different methods were used including
two conventional methods to extract the abnormal area and record the processed images.
The images were analyzed and processed using Microsoft Visual C#.NET on Windows
and embedded into graphical user interface (GUI). Figure 3.1 shows the GUI of the
system. Upon completion of all experiments, the percentages of extraction from the
different methods were compared to ascertain the most appropriate method which can
provide the best result. The experimental materials used in this research, consists of two
sets of 128 pieces of two-dimensional images of one retina. One set was obtained from
a drusen patient and another set from a diabetic macular ederma (DME) patient. All of
these images were digitalized to a pixel size of 6um x 6um, 16-bit gray scale with

resolution 512 x 480 pixels. Out of 128 pieces of OCT images from each set, only 36

18



pieces of images which contained abnormal area were used as the final experimental
materials. The experiment focused only on the abnormal area at macula part because
this is the important part in the human retina controlled all the eye's central vision
(Visionrx 2005). In the proposed system, the abnormal area in the image was identified
by a medical doctor selects an abnormal area by pointing at the interested area

(abnormal area) using a computer mouse. The selected pixel is known as an initial pixel.

# OCT Image Processing - — Jl 5_'1_@:&
n f\/";‘v/t/‘/\
pointed pixel
(@) OCT image (b) Pointing a pixel in abnormal  (c) Extracted border
area by computer mouse of the abnormal area

Figure 3.1 GUI of proposed system

3.2 IMAGE SCANNING METHOD

This method is one of the conventional methods that was used in the
experiment. The original OCT image of retina (Figure 3.2) was inserted into input side.
Generally, the raw OCT images contain speckle and spike noise due to multipath
reflection and interference in the retinal layer. A smoothing process was applied to OCT

image as a preprocessing. The smoothing process employed the median filter of 3 x 3

19



pixels (Figure 3.3). Figure 3.4 shows the example of smoothed image using 3 x 3
median filter. For certain types of random noises, median filters provide excellent noise
reduction capabilities, with considerably less blurring than linear smoothing filters of
similar size (Gonzalez & Woods 2002). As its name implies, replace the value of a pixel

by the median of the gray levels in the neighborhood of that pixel:

F(x,y) = mediangspes,, (g(s, ) (3.1)

Figure 3.2 Original OCT image of human retina

20



y x,y)

y+1

Xx—-1 X Xx—-1

Figure 3.3 Neighbors of a pixel (X, y)

Figure 3.4 Result of OCT smoothing image using median filter
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A binarization process then was applied to the smoothed image. Image
binarization is typically treated simply as a thresholding operation on a grayscale image.
This process is known as image thresholding and the output image is known as binary
image. Only two colors are used for the binary image, black and white though any two

colors can be used. The formula for binarization is denoted by the expression

g (x,y) = BIf (x, y)] 3.2)
00 y) = {1 iff(x,y) > B (33)
' 0 Otherwise '
where f (X, y) is the input image

g (X, y) is the processed image

B is binarization threshold of f.

Figure 3.5 shows the binary image after the binarization process. The binary

image shows that the intensity of the most pixels in the neighborhood or retinal image

changed to white color.

22
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Figure 3.5 Binary image

Scanning process is employed as the next step of this method. First, the system
scanned the image started from the initial pixel pointed by the medical doctor. The
system scanned all the same color of the initial pixel one-by-one in four direction ways;
upper-right, upper-left, down right, and down left until it traced at the different color
from initial pixel (see Figure 3.6). The color in the scanned area not changed, however
the image outside of the scanned area is changed to white. The final result (Figure 3.7)

only shows the extracted abnormal area from OCT retinal image.

23



initial region

Figure 3.6 Image scanning process for each pixel in binary image

Figure 3.7 Extracted area from Image Scanning Method

24



3.3 BORDER TRACKING EXTRACTION METHOD

This method is another one of the conventional methods which is applied in
this experiment. In this method, the boundary extraction of abnormal area in OCT
retinal image were extracted pixel by pixel from the same region from a connected
component. The most efficient way of coding group membership for regions in images
Is to code the boundary of the area or region containing the pixels (Rao et al. 2009).
Note that in this research, binary 1°s are shown in white and 0's in black and the normal
treatment of this method is to assume that values outside the borders of the image are 1.
Eight chain-code (Figure 3.8) scheme for the border (Kouichi 2007) was used in this
method for representing boundaries of image regions. In this coding scheme, the

orientation of an edge is quantized along eight discrete directions.

4 3 2
5 X 1
6 7 8

Figure 3.8 Eight chain-code

There are four steps were applied to extract the abnormal area using this
method (Figure 3.9). The first three steps are similar with the first method (Image

Scanning Method).

25



" ] \  Median filter i A
Input OCT image —_ Smoothed image
& J & J
Binarization
4 . ) e N
Boundary image _——————— Binary image
- “/Boundary tracking J

Figure 3.9 Block diagram of border tracking method

Boundary tracking was applied at the last step of the method. Figure 3.10
(enlarge at the abnormal area of Figure 3.5) shows the steps of border tracking.

Step 1: The initial pixel selected by medical doctor is moved forward to the top
of the image one by one pixel. The moving pixel stopped when the system detected the
different color between the moving pixel and the initial pixel.

Step 2: A starting pixel is the last moving pixel after the system traced the
white pixel. The system scans the border of abnormal area from the starting pixel to the
end.

Figure 3.11 shows the example of border tracking image.
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Figure 3.10 Procedure of border tracking

Figure 3.11 Border tracking image
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3.4 STATISTICS BORDER TRACKING METHOD

Under this method, direct comparisons between the gray value of moving pixel
and the mean u = the standard deviation o, of gray value of the initial pixel. The mean
and the standard deviation of the gray level in neighborhood 5 x 5 (Figure 3.12) of the
pixels that surrounded the selected pixel (initial pixel) will be calculated to be set as a

benchmark value.

(u—ac) <f (i, J) < (u+ ao) (3.4)

where w is the mean
o is the standard deviation

a is the constant

5
K
e R
5
Lj }5_
)

Figure 3.12 Initial pixel (i, j) and neighborhood 5 x 5
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The scanning process started from the top the image. The system scans all the
pixels to calculate the gray value of the pixel to compare with the equation (3.4). If the
gray level value is in the range of equation (3.4), it changes to 1 or white color.
Otherwise, it changes to 0 or black color. The process will scan all the pixels to the end
of the image and gives the output in binary image (Figure 3.13) format.

To extract the border line of the image, the processes are similar to the Border
Tracking Extraction Method. The moving pixel moves one by one from initial pixel up
forward to the top of the image until the system traces the different color between the
moving pixel and the initial pixel. Border tracking process is applied to the binary

image to give the final result as border tracking image (Figure 3.14).

Figure 3.13 Binary image using Statistics Border Tracking Method
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Figure 3.14 Border tracking image

3.5 REGIONAL STATISTICS AREAEXTRACTION METHOD

In this method, the system will extract the abnormal areal form retinal OCT
images using regional statistics technique. Initial region defined as 25 (5 x 5) pixels that
surrounding the initial pixel, i (Figure 3.11). The standard deviation ¢ of gray level of

initial region is calculated

Standard Deviation 6 = 2—15 25 (n— xp)? (3.6)
Where Xy, IS the gray level of each pixel.
25
w is the mean where p = Z (xn)/25 (3.7)
n=1
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The standard deviation values of the initial region used in the equation (3.8) as a

benchmark.

(c—ao) < o4, <(c+ao) (3.8)

Where oy IS standard deviation of moving region

a is the variable.

The center of the 25 pixels (initial pixel i, j) will moves to next pixel (i + 1, j)
on the right movement and to be a new center of the second region surrounding by new
25 pixels (Figure 3.15). A new value of standard deviation o, will calculate and
compare with the equation (3.8). If the calculated standard deviation value meet the
condition of equation (3.8), the center of moving region will moves one by one pixel
until the standard deviation of the moving region not meets the condition in given

equation (3.8).

Figure 3.15 Moving region and i + 1 as a new center of the region
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These steps will repeat in four ways (see Figure 3.6) on the right-down, right-up,

left-down, and left-up to extract the abnormal area in the OCT image (Figure 3.16).

Figure 3.16 Extracted image
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Figure 3.17 shows the flowchart of all the process in regional statistics area extraction

method.

OCT Image-

(Selection ofinitial position & imitial cellq

[ Propagation of cell- ]__ Figure 3.17
Flow chart of the regional
yes statistics extraction
Comparison between
mean, standard deviation mEthOd'

and benchmark-

[ Repetition to detect abnormal areaﬂ

Extraction of abnormal area .

3.6 BORDER TRACKING PROCEDURE USING REGIONAL STATISTICS

In this method, a medical doctor needs to select the region of interest by
clicking at a using computer mouse. Figure 3.18 shows the initial pixel selected by the
medical doctor is marked with red square. The initial region is defined as 25 pixels (5 x
5 pixels) surrounding the initial pixel (Figure 3.12). The mean p and standard deviation

o of gray level pixel in initial region were be calculated and stored in program memory.
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Abnormal part

Figure 3.18 Initial pixel (red square)

The calculated values of mean and standard deviation were used to generate threshold
formula. Then, the system calculates mean p, or all moving regions and determines that
every pixel are belonging to abnormal area or not using equation (3.9).
(L—ao) < p, <(n+ao) (3.9)
Where a is the constant.
Iy IS mean of region.
u is mean of initial region.

o is standard deviation of initial region.

If the calculated mean p meet the condition of Equation (3.9), the system will changes

the gray value of center pixel of moving region to value 255 or white, otherwise the
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gray value changes to 0 or black. The system scanned all the region from top to bottom

of the OCT image to change to binary image (Figure 3.19).

Figure 3.19 Binary image

From the initial pixel (i, j) the scanning process to detect the abnormal area
border is initiated. The position of the next pixel was determined by moving the initial
pixel (i, j) to the next pixel (i, j-1) toward the top of the image. The system scanned the
pixel one by one until it traced the gray level value of the moving pixel as different from
the gray level value of initial pixel. The border extraction process will used eight
chains-code algorithm (Figure 3.8) to extract the abnormal area border. Figure 3.20

shows the extracted border tracking image.
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Figure 3.20 Border tracking image
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CHAPTER IV

RESULT AND DISCUSSION

This research was used 36 pieces of OCT images from a single retina of a
drusen patient and 35 pieces of OCT images from a single retina of a diabetic macular
edema (DME) as materials of the experiment. These images were clearly showed the

abnormal area at the macular part.

4.1 IMAGE SCANNING METHOD

The first step of this method was smoothing processed in digital image
processing. This processed was employed the 3 x 3 medial filter. The next process is
binarization hat was applied to smoothed image. Binary image that contained two colors
black and white only was provided. The last step was the system extracted the abnormal
area automatically that selected by the medical doctor.

From the experiment, the system was extracted only 41.7% from the provided
images. This meant, only 15 pieces of OCT images were extracted their abnormal area

properly. This data shows in Table 4.1.
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Table 4.1 Performance of successful extracted area by image scanning method

OCT Image (pieces) Extracted Failed Successful rate %

36 15 21 41.7

The following images are examples of the output results by applied this method on the

OCT retinal images.

Figure 4.1 Original OCT retinal image
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Figure 4.2 Smoothed OCT retinal image using 3 x 3 medial filter

Figure 4.3 Binary image
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Figure 4.4 Extracted image

Figure 4.5 Original OCT retinal image
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Figure 4.6 Smoothed OCT retinal image using 3 x 3 medial filter

Figure 4.7 Binary image of Figure 4.6
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Figure 4.8 Extracted abnormal area from Figure 4.7

Figure 4.4 and 4.8 are the example of the successful extracted image.

Figure 4.1 to 4.4 show the output image of each process using this method. The

original OCT retinal image was taken from material number 67 of the supplied
materials. All these images show that the method can extract properly from the
beginning.
The original image of Figure 4.5 to 4.8 was taken from material number 73 from
supplied materials. These examples show that the method can extract the abnormal area
properly from the beginning. From these examples, the method could be extracted the
abnormal area if the original image in the proper and perfect condition.

As the early mention in the Chapter Il, OCT retinal image can exist in two
conditions. First, the abnormal area appears in black condition and the second is
abnormal area appears in the white condition. Due to this method, the experiment was

extracted the abnormal area in black condition only. There were also some errors or the
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system cannot extract the abnormal area properly. One of the reasons was the damage of
the retinal layer existed in the OCT image. Figure 4.9 to Figure 4.12 shows the example
of his problem. Figure 4.9 does not show clearly the damage, however when the method
changed the original image to binary image (Figure 4.11), the damage clearly appear at

the retinal layer.

Figure 4.9 Original OCT image
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Figure 4.10 Smoothed OCT retinal image using 3 x 3 medial filter

Figure 4.11 Binary image

Figure 4.11 shows that the damage layer appeared when the image changed to binary

image.
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Figure 4.12 Failure example - retinal layer in damage condition

The system cannot extract abnormal area properly when the retinal layer was contained

damaged in OCT image (Figure 4.12).
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This method also cannot extract the abnormal area when abnormal area separated into

two parts. Figure 4.13 to Figure 4.16 show about this problem.

Figure 4.13 Original OCT retinal image

Figure 4.14 Smoothed OCT retinal image using 3 x 3 medial filter
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Figure 4.15 Binary image

Figure 4.16 Failure example - abnormal area divided into two parts

Abnormal part in the original image divides into two parts. When the system processes
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the image, this method only extracted the abnormal area that selected by medical doctor
without another part of abnormal area shows in the red circle (Figure 4.16).
The experiment shows that this method cannot extract properly the image that contained

damages at retinal layer.

4.2 BORDER TRACKING EXTRACTION METHOD

This method used eight chain-code. The orientation of an edge is quantized
along eight discrete directions as explained in Chapter Il. From the experiment, the
method was extracted only 41.7% from the provided images. That is meant; only 15
pieces of OCT images was extracted their abnormal area properly. This data shows in

Table 4.2.

Table 4.2 Performance of successful extracted abnormal area using border tracking

method

OCT Image (pieces) Extracted Failed Successful rate %

36 15 21 41.7

The percentage successful rate of border tracking method was the same with
the result of image scanning method. This is because these two methods was used the
same technique to change the original images to binary image. These two methods also,
used the smallest element of pixel (one pixel) to extract the abnormal area or abnormal
area’s border. Below are some of the output results by applied this method on the OCT

retinal images.
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Figure 4.17 Border extracted image

Figure 4.17 shows the extraction border image that extracted from the material
number 73 from the supplied images. The original image was the same image (Figure
4.1) that used in the image scanning method above. The smoothed image and binary
image in this method also the same with smoothed (Figure 4.2) and binary image
(Figure 4.3). The system provided better extraction result when the original OCT retinal

images were in good condition.
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Figure 4.18 Border extracted image

Figure 4.18 shows the border extracted image by using border tracking method.
This image was taken from material number 67 from the supplied experiment material.
The original image was the same with image that used in the image scanning method
(see Figure 4.5). The smoothed image and binary image in this method also same with
smoothed (Figure 4.6) and binary image (Figure 4.7). The system provided better
extraction result when the original OCT retinal images were in good condition.

Because of border tracking method used the same theory (smallest element of
pixel or single pixel) in smoothing, binarization, and extracting border process with
image scanning method, the problem that facing in this method also same. Border
tracking method cannot extract the border of abnormal area that existed in two parts
(Figure 4.19). Figure 4.20 shows that this method cannot extract properly the abnormal

area on the OCT images that contained damages at the retinal layer.
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Figure 4.19 Failure example — abnormal area divided into two parts

Figure 4.20 Failure example — retinal layer in damage condition
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4.3 STATISTICS BORDER TRACKING METHOD

In this conventional method, binary images were extracted directly from
original OCT image without change to smoothed image. This method was proposed to
counterpart the original OCT retinal image that the abnormal area existed in white
condition problem. From the experiment, the method was extracted only 57.1% from
the provided images. That is meant; only 20 pieces of OCT images was extracted their

abnormal area properly. These data show in Table 4.3.

Table 4.3 Performance of successful extracted abnormal area using statistics border

tracking method

OCT Image (pieces) Extracted Failed Successful rate %

35 20 15 57.1

Statistics border tracking method can extract the abnormal area in white
condition in the OCT retinal images. Figure 4.21 shows the example of original OCT

retinal image that the abnormal area in white condition.
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Figure 4.21 Original OCT retinal image — abnormal area in white condition

Figure 4.22 Binary image
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Figure 4.23 Border extraction image — using statistic border extraction method

Figure 4.22 shows the binary image. The original OCT image was changed to
binary image directly without smoothing process. Even though Figure 4.23 shows the
border extraction image extracted properly, there were some problems with this method.
Firstly, this method was very sensitive. The changes value of standard deviation of gray
value of ignition region, would changes the result. Figure 4.24 and Figure 4.25 show the
different result compare to Figure 4.22 and Figure 4.23 even though used the same

original image (Figure 4.21).
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Figure 4.24 Binary image

Figure 4.25 Border extraction image
There was a big different between Figure 4.23 and Figure 4.25 when the

medical doctor selected the interested area at the different location in the abnormal
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areal.
This method also cannot extract the abnormal area in OCT retinal image in

black condition. Figure 4.26 shows the binary image result when this method was

applied to OCT image contained the abnormal area in black condition.

Figure 4.26 Binary image

From Figure 4.26, the method cannot extract any border of abnormal area.

4.4 REGIONAL STATISTICS AREA EXTRACTION METHOD

Regional statistic area extraction method (RSAEM) was proposed to extract the
abnormal area in both black and white conditions. This method also could solve the
problem of extracting the abnormal area in the damage condition of retinal layer.

Equation (3.8) (c — ac) < o4 < (o + ao), the values of a was determined at 0.5, 1.0, 1.5,
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and 2.0. Table 4.4 shows that the system has extracted the abnormal area from drusen
OCT (abnormal area in black condition) image samples at the highest rate when a is set
at 1.0. Table 4.5 shows that the system has extracted the abnormal area from DME OCT

(abnormal area in white condition) image samples at the highest rate when a is set at

1.5.
Table 4.4 Extraction results from drusen OCT images using RSAEM
a Extracted Failed Successful rate (%)
(variable)
0.5 20 16 55.6
1.0 26 10 72.2
1.5 24 12 66.7
2.0 23 13 63.9
Table 4.5 Extraction results from DME OCT image using RSAEM
a Extracted Failed Successful rate (%)
(variable)
0.5 19 16 54.3
1.0 23 12 65.7
15 26 9 74.3
2.0 22 13 62.9




Figure 4.27 Original OCT image

Figure 4.28 Extracted image using RSAEM
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Figure 4.27 shows the abnormal area in original OCT image in black condition and

Figure 4.28 shows the extracted image using RSAEM.

Figure 4.29 Original OCT image — abnormal area in white condition

Figure 4.30 Extracted image using RSAEM
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Figure 4.29 shows the abnormal area in original OCT image in white condition and
Figure 4.30 shows the extracted image using RSAEM. Figure 4.31 shows that RSAEM
has extracted the abnormal area from OCT image that contained damages at the retinal

layer.

Figure 4.31 Extracted image using RSAEM

4.5 BORDER TRACKING PROCEDURE USING REGIONAL STATISTICS

Border tracking procedure using regional statistics (BTPRS) was proposed to
improve RSAEM in extracting the abnormal area from OCT images. Using this method,
original OCT image was changed to binary image before border tracking process started.
From the Equation (3.9), the values of a was determined at 0.5, 1.0, 1.5, and 2.0. Table
4.6 shows that the system has extracted the abnormal area from drusen OCT image

materials at the highest rate when a is set at 1.0. Table 4.7 shows that the system has
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extracted the abnormal area from DME OCT image materials at the highest rate when a

Is set at 1.5.
Table 4.6 Extraction results from drusen OCT images using BTPRS
a Extracted Failed Successful rate (%)
(variable)
0.5 21 15 58.3
1.0 28 8 77.8
1.5 24 12 66.7
2.0 23 13 63.9
Table 4.7 Extraction results from DME OCT images using BTPRS
a Extracted Failed Successful rate (%)
(variable)
0.5 20 15 57.1
1.0 25 10 71.4
1.5 28 7 80.0
2.0 24 11 68.8




Figure 4.32 Original OCT image

Figure 4.33 Binary image — extracted using BTPRS
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Figure 4.34 Border extraction image using BTPRS

Figure 4.32 shows the abnormal area in original OCT image in black condition

and Figure 4.33 shows the binary image produced by using the BTPRS. Figure 4.34

shows the border extraction image, last output from BTPRS process.
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Figure 3.35 Original OCT image — abnormal area in white condition

Figure 3.36 Binary image — extracted using BTPRS
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Figure 4.37 Border extraction image using BTPRS

Figure 4.35 shows the abnormal area in original OCT image in white condition

and Figure 4.36 shows the binary image produced by using the BTPRS. Figure 4.37

shows the border extraction image, last output from BTPRS process.

4.6 COMPARISONS BETWEEN METHODS
Table 4.8 Comparisons the extraction rate between methods
Method Image Border Statistics border RSAEM BTPRS
scanning tracking tracking (highest) (highest)
Percentage 41.7 41.7 57.1 B W B W
rate (%) 722 | 743 | 778 | 80
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From Table 4.8, the best method for this study is the border tracking procedure
using regional statistics (BTPRS). Beside give the highest rate among the methods,
BTPRS also can extract the abnormal area border in both conditions of OCT image. The
extracted results more precise using BTPRS compare to RSAEM. Figure show the
effectiveness the BTPRS compare to others methods. Original image number 74 from
drusen material was tested in every method in this study. This image contained the
damaged area at retinal layer. Image scanning method (see Figure 4.12) and border
tracking method (see Figure 4.20) cannot extract the abnormal area properly. Even
though the RSAEM can extract the abnormal area but the extracted result is not precise

compare to the BTPRS method.

not extracted

Figure 4.38 Extracted image using RSAEM
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extracted properly

Figure 4.39 Smaller area extracted properly using BTPRS

Even though the BTPRS method can solve the problem in extracting abnormal
area in the retinal layer structure, but in some cases it still need an improvement to get
higher extraction rate. Figure 4.40 to 4.45 show the examples of extraction images from
two different original OCT images. Figure 4.42 and Figure 4.45 show the final results
from the BTPRS method. From Figure 4.40 to Figure 4.42, we can see the BTPRS
method cannot extract half of the abnormal area when the area separated into two. The
BTPRS method also cannot extract the abnormal area when the original image

contained the bigger damage in the retinal layer (see Figure 4.43 to Figure 4.45)
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Figure 4.40 Original OCT image

Figure 4.41 Binary image

68



Figure 4.42 Border tracking image

Figure 4.43 Original OCT image
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Figure 4.44 Binary image

open area

Figure 4.45 Border tracking image

70



CHAPTER YV

CONCLUSION AND FUTURE WORKS

5.1 CONCLUSION

This research presented a new image processing algorithms for
extraction of abnormal area from the human retina optical coherence
tomography image. In this research, a comparison was made between
different methods for extracting the abnormal area from selected images.

The five methods used were

a. Image scanning method

b. Border tracking extraction method

c. Statistics border tracking method

d. Regional statistics area extraction method

e. Border tracking procedure using regional statistics method

The results from each method were compared and we found the
border tracking procedure using regional statistics method provided the
better extraction rate and more precise compare to other methods.

The first method used was image scanning method. The second
method that we experimented with was the border tracking extraction

method. Both of these methods posed similar problems that are
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a. The methods cannot extract the abnormal area that

contained the damage retinal layer in the OCT image.

b. The methods can extract the abnormal area in black

condition only.

To overcome the problem and extract abnormal area in white
condition from an OCT image, we proposed the third method, a new
statistics border tracking method, which was used in the research. However,
this method cannot extract the abnormal area existed in black condition.

In ensuring that we are able to extract the abnormal area from the
retinal image, the research proposed and we used a new extraction method
using regional statistics scanning image. This method can extract the
abnormal area in both conditions white and black. To further improve the
result of our research, we have proposed and used a new extraction method
called border tracking procedure using regional statistics by combining both
the regional statistics and border tracking methods.

It is then evident from all data and results gathered from the
experiments, the border tracking procedure using regional statistic provides
the best way to extract the abnormal area from human retinal optical
coherence tomography images. This method is also able to extract the
abnormal area from the OCT image existed both conditions, white or black.
It also allows detection of any abnormal area specifically selected by a

medical doctor.
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5.2 SUGGESTIONS AND FUTURE WORKS

This research opens to further enhance the methods of obtaining
sharper and more precise result for detecting abnormalities in OCT retinal
1mages. In our opinion, another vanue worth experimenting to ensure more
accurate result is by combining the mean and standard deviation values of
every region and comparing them with the benchmark. It is our hope that
this research will help the task of clinical doctors and the proposed computer
aided diagnosis support system for OCT image at the present and future in

detecting the degree of retina disease accurately.
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