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ABSTRACT 

Medical imaging is a technique used to identify or study disease in the body. In order 

to obtain the retinal images, clinical ophthalmology broadly used a non-invasive 

medical imaging named optical coherence tomography (OCT). OCT images lead to 

visualize retina’s inner layers, which was important to identify the retinal diseases at 

the early stage. Macular Hole is one of the retinal disease that should be treated early. 

A Graphical User Interface (GUI) was created to detect the Macular Hole disease. In 

this paper, Computer Aided Design (CAD) system to detect Macular Hole eye disease 

has been developed. This disease diagnosed and need to be treated at beginning state 

as it will lead to vision lost if it get severe. An algorithm is proposed in this study 

which performs Macular Hole detection. There are browse image, pre-processing, 

segmentation, feature extraction and lastly classification steps. This study successfully 

classified the Macular Hole and normal retinal images correctly using Artificial Neural 

Network (ANN) classification. The accuracy of the net produced after several trials of 

retrain is 90%. The other statistical parameters such as precision, specificity and 

sensitivity was obtained from this project. In a conclusion, there was a way obtained 

from this study to diagnosis the patients who were suffer from this Macular Hole 

disease. 
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ABSTRAK 

Pengimejan perubatan adalah teknik yang digunakan untuk mengenal pasti atau 

mengkaji penyakit di dalam badan. Untuk mendapatkan gambaran retina, oftalmologi 

klinikal secara meluas menggunakan pengimejan perubatan bukan invasif bernama 

tomografi koheren optik (OCT). Imej OCT membawa kepada gambaran lapisan 

dalaman retina, yang penting untuk mengenal pasti penyakit retina pada peringkat 

awal. Macular Hole adalah salah satu penyakit retina yang harus dirawat lebih awal. 

Antaramuka Pengguna Grafik (GUI) dibuat untuk mengesan penyakit Macular Hole. 

Dalam makalah ini, sistem Computer Aided Design (CAD) untuk mengesan penyakit 

mata Macular Hole telah dikembangkan. Penyakit ini didiagnosis dan perlu dirawat 

pada peringkat awal kerana akan menyebabkan penglihatan hilang jika menjadi teruk. 

Satu algoritma dicadangkan dalam kajian ini yang melakukan pengesanan Macular 

Hole. Terdapat gambar imbas, pra-pemprosesan, segmentasi, pengekstrakan ciri dan 

langkah klasifikasi terakhir. Kajian ini berjaya mengelaskan gambar Macular Hole dan 

retina normal dengan betul menggunakan klasifikasi Rangkaian Neural Buatan 

(ANN). Ketepatan jaring yang dihasilkan setelah beberapa percubaan latihan semula 

adalah 90%. Parameter statistic lain seperti ketepataan, kekhususan dan kepekaan 

diperoleh dari projek ini. Sebagai kesimpulan, ada cara yang diperoleh dari kajian ini 

untuk mendiagnosis pesakit yang menderita penyakit Macular Hole ini. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Research Background 

A process that create a visual picture of clear inner body structure for scientific 

and pharmacological research and also medication is called medical imaging. It is a 

visualizing process for internal functions of the tissues. Disorder identification and 

management can be done through this process [1]. The non-invasive inner body 

structure images are produced by the medical imaging process. Fast processors 

generated these images and by converting them into arithmetic and rationally to signals 

[2]. These signals which then transformed to digital images. These signals reflect the 

different kinds of tissues in the body. In everyday basis, digital images play an 

important role. Medical imaging is a process that deal with computer. Image retrieval, 

storage, performance, and communication are the process that involves a lot of 

methods and operations. Identifies the measurement of properties such as the light to 

be seen or the colour of the view is the function of an image. Digital images provide 

many advantages such as fast and inexpensive processing costs, simple storage and 

communication, instant quality evaluation, multiple copying subject to quality, fast 

and inexpensive reproduction, and optimization manipulation [3]. 

 

There are long and remarkable history of the use of optical technology in 

biology and medicine. The fiber optic improvement has made it possible to see the 

inner body organs directly due to the development of endoscope. A newly optical 

techniques aid the sample tissues for chemical analysis and blood cells counts and 

sizes, in the modern laboratories. Despite the developments of these and other, some 

optical devices used in nowadays medicine use the coherent properties of light. Even 
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most of devices that use lasers are the ultimate generator of coherent light, and the 

focal laser beam operates primarily through light or concentrated heat, so it can be 

classified as opposed to the optical system. The reason  of engineers and scientists 

interested in OCT is because first diagnostic imaging technology to introduce optics 

[4]. OCT is a modern imaging approach that offers high resolution cross-sectional of 

internal images microstructure of living tissue. [5]. OCT can detect eye diseases such 

as macular image and many more. 

 

A systems that helps doctors interpret medical images is Computer-aided 

diagnosis (CAD). X-ray, MRI, and ultrasound diagnostics imaging technologies 

provide a wealth of information that radiologist or other healthcare professional must 

immediately perform a thoroughly analysis and evaluation. The CAD systems 

processes the digital images for a unique display and publishes it in major categories 

such as typical appearances and to highlight conspicuous sections, such as possible 

illness to provide input to support expert decisions. This article states a fundamental 

and current research on CAD systems to help diagnose brain diseases like Alzheimer's 

disease. CAD systems include image processing techniques and image learning based 

on machine classified like analysis of linear differential, artificial neural networks, and 

auxiliary vector machines. There are some useful patterns of the CAD systems, and to 

simplify prospects of CAD systems for brain disorders in MR images [6]. Moreover, 

Computerized Aided Detection System (CAD) investigation that uses Content Based 

Image Retrieval (CBIR) to identify cancerous nodules in an image is also involved. 

CAD system is concern for the radiologists to detect lung cancer at the early stages, 

which is small branch that are not able to visible with  eye [7].  The other study states, 

wireless capsule endoscopy (WCE) can expose sections of human gastrointestinal tract 

which are not accessible with conventional endoscopies. As a result, assistance will be 

offered by computer assisted diagnosis (CAD) systems. Instead of the former, WCE 

was introduced because it makes a non-invasive, painless, disposable and efficient 

diagnosis of the small intestine as a whole [8]. 
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1.2 Problem Statement 

 A common age-related eye condition that causes a decline in visual acuity is 

the macular hole. Macular holes have traditionally been unusual, have been due to 

trauma, and have been found in young people. Idiopathic macular hole is now 

estimated to affect as many as 100,000 people in the United States, typically affecting 

healthy women who have normal refractive errors in their seventh and eight decades 

(mean age, 65 years of life [9]. The most common eye disease is Cataract (248, 22.9%), 

followed by retinal related diseases (124, 11.5%) and ocular trauma (106, 9.8%) 

among Malaysians. Macular hole eye disease is one of the retinal disease which 

represent 1% out of 11.5% [10]. This research would also aid to diagnosis early stage 

Macular Hole disease and to treat it in order to as well avoid vision loss. Inefficient of 

CAD in characterized specificity, as correctly recognized by the percentage of disease 

images. The detection must have specific and accurate parameters in order to treat the 

macular hole [11]. 

1.3 Objectives 

The objectives of the research are: 

a) To develop a CAD system to detect Macular Hole eye disease.  

b) To classify between normal and Macular Hole eye based on Artificial Neural 

Network (ANN) method. 

c) To evaluate the performance of develop CAD system by using statistical 

parameter analysis. 
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1.4 Scope of Study 

1.4.1 Eye Image Database 

The database is accessed from http://doi.org/10.3886/E108503V1 and at 

https://dataverse.scholarsportal.info/dataverse/OCTID. This database consists 102 

Macular Hole (MH) and 206 Normal (NO) retinal images. Each various category is 

classified as a separate dataset and has an unique DOI connection available  [12]. The 

images can accessed and downloaded as zip file, separately or completely. It contains 

OCT images that are grouped into various diseases and contains jpeg images with 

high-resolution that should be downloaded as zip files. There are 500 spectral domain 

and more in OCT volumetric scans, which consist of four groups, compose the 

database categories: Normal (NO), Macular Hole (MH), Age-related Macular 

Degeneration (AMD), Central Serous Retinopathy (CSR), and Diabetic Retinopathy 

(DR) [12]. 

1.4.2 Image Processing Method 

By using the MATLAB image processing toolbox version 9.4 with release a 

name R2018a in 2018, the image processing method is carried out from these database 

images. MATLAB is a picturing and data analysis tool considered with strong support 

for matrix and it’s procedures [13]. In addition, MATLAB has outstanding graphics 

capabilities, and its own strong programming language. The use of collections of 

MATLAB programs designed to help a specific task is one of the reasons that 

MATLAB has become such an effective tool. These collections of programs are 

known as toolboxes and toolbox of image processing is the specific toolbox of interest 

to us [13]. 

1.4.3 CAD System Development 

Graphical User Interface (GUI) development in MATLAB was developed 

under the CAD framework in this report. In this optical coherence tomography image 

processing procedure, a CAD device was used. This database consists of 206 normal 
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retinal images and 102 retinal images of Macular Hole eye disease required for this 

analysis. In this Interface method, the normal or Macular Hole eye disease image will 

be inserted. Then, when the images are uploaded it will start to process and determine 

the image is normal or MH image. Related coding and formulas will help to detect 

Macular Hole images in this system. To access this CAD system, first need to login 

into system and data base that involve. 

1.4.4 Performance Evaluation 

The performance of CAD system will be evaluated by four statistical 

parameters which are accuracy, specificity, sensitivity and precision of the predicted 

results given from the proposed technique. The CAD system will be tested using 

normal (NO) and Macular Hole (MH) eye images. 

1.5 Significance of Study/Contribution 

This research was expected to contribute in the following areas: 

a) The implementation of image signal processing such as pre-processing, image 

segmentation, feature extraction, and classification. 

b) The developed graphical user interface can be used for instant detection 

process to be done easily. 

c) To explore suitable image processing techniques to detect Macular Hole eye 

disease optical coherence tomography (OCT) images.
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CHAPTER 2  

 

 

LITERATURE REVIEW 

2.1 Introduction 

Vision is by far the most utilized of the five senses and is one of the key means 

we use to collect data from our surrounding. Over 75% of the data we collect about 

the world around us consists of visual knowledge. 

 

The proper eye function depends on the capability to absorb the energy that 

process in the environment from light, generate potential in specialized nerve cells for 

action, that potential were transmit to brain via the nerve of the optic (cranial nerve II). 

The cornea, iris, ciliary body, and lens are help to transmitting the sensory portion of 

the eye, the retina, and focusing light on it. Structures such as the choroid, aqueous 

and vitreous humor, and the lacrimal system are essential for physiological balance, 

proper pressure maintenance, and nutrition of ocular tissues. [14]. 

 

Eye is like a camera occasionally. Each eye absorbs light and change it to a 

"picture." Eyes have lenses that also focus the light that comes in. Eye focus light on 

specific cells layers, name as retina to produce an image as a camera concentrate light 

on film to make a frame. 

2.2 Eye Structure and Physiology 

One of the most complicated structures that ever existed is the human visual 

system. This scheme helps living beings in their external world to coordinate and 

comprehend the many dynamic elements. The optical system consists of eye which 
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transmits light to signals of neuronal and the related parts of the brain that interpret 

and extract important data from those signals. The human eye is an anteriorly 

positioned bilateral cylinder structure in the skull. The crosswise and lengthwise 

diameters of the eyes are 2.5 cm [3]. There is a blackened structure in the center of the 

eyeball, called the pupil. The light penetrate it when the system permits. When bare to 

a denser light source, the system narrows. This decreases the illumination of the retina 

and improves the visual process. The eye is surrounded by many muscles which 

control the pupil's widening. Some supporting structures called the sclera are still 

present in the eye. A ligamentous portion situated behind the cornea is the lens. Owing 

to muscle contraction, the form of the lens changes continuously [3]. Figure 2.1 shows 

the view of cross-sectional eyeball. 

 

Figure 2.1: The cross sectional view of eyeball [3] 

In the eye’s center part, the light concentrates and focuses on the retina from 

the cornea and lens. Into the retina, the fovea emphasizes the image. Finally, through 

various mechanisms, the brain shapes information and color utilizing its vision [3]. 

2.3 Eye Disease 

At one time or another, most people have eye issues. Some are minor and are going 

to go out on their own, or are easy at home to handle. Others require the care of a specialist. 

Diabetic Retinopathy (DR), Age-related Macular Degeneration (AMD), Macular Hole 

(MH) and Central Serous Retinopathy (CSR) are the common eye disease that spoil 
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human vision. Age-related macular degeneration (AMD) and diabetic retinopathy are 

the furthermost known illnesses that result in permanent blindness or vision deficiency 

[15]. These diseases seriously affect the quality of life of elderly people worldwide. 

Therefore, recognizing their pathogenesis and the development of methods that 

promote earlier diagnosis and care requires more effort and attention from both basic 

and clinical fields. In the elderly, this issue emphases on different aspects of these 

diseases. [15]. Macular Hole also one of the age-relate disease that lead to vision loss 

while the Central Serous Retinopathy is known disease for middle age [11]. 

2.3.1 Macular Hole (MH) 

Macular Hole (MH) is also one of the other prevalent eye disorders associated 

with age and causes visual acuity to decrease. MH retinal defects can vary from tiny 

hyproflective breaks to hyproflective intra-retinal spaces in the OCT photos. Other 

symptoms include thickened edges with cavities with reduced reflectivity, macular 

edema and fluid deposition. [16]. In addition, the etiology of MH disease can be 

understood using OCT images. Figure 2.2 below illustrates sample Macular Hole eye 

disease image. 

 

Figure 2.2: Sample MH eye disease image [16] 

2.3.2 Age-related Macular Degeneration (AMD)  

In Western countries, Age-related Macular Degeneration (AMD) is the 

primary cause of serious sight impairment and sight loss. Macula is the part that 
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affected by AMD for focused vision of central. Moreover, with the thickening of 

Retinal Pigment Epithelium (RPE) sheet, the OCT image for AMD typically seems 

with thickened, irregular, and disorganized retinal layers, resulting in the elevation of 

photoreceptor layer. It also normally causes fluid accumulation under the fovea and 

RPE layer detachment can occur in some cases [16]. AMD is known as dry 

(nonneovascular) and wet, in two distinct phases (neovascular). Wet AMD occurs in 

the late stages of AMD via the development of macula-based choroidal 

neovascularization (CNV) or the formation of intraretinal neovascularization or a 

combination of the two processes [16]. Wet AMD causes much of the extreme vision 

loss in AMD, though being less predictable. Figure 2.3 shows sample AMD eye 

disease image. 

 

Figure 2.3: Sample AMD eye disease image [16] 

2.3.3 Central Serous Retinopathy (CSR) 

Central Serous Retinopathy (CSR) is a middle-age (third and fourth decade) 

disease which causes optical distortions and also decreases the optical acuity. Due to 

the outflow of fluid into the retina via an RPE defect, it is identified by focal 

detachments of the retina and the RPE layer [11]. On OCT, with occasional hyper-

reflective deposits sub-retinally, CSR occurs as hypo reflective spaces at the sub-

retinal and sub-RPE stages. OCT also helps to differentiate CSR from other confusing 

choroidal conditions [17]. Figure 2.4 displays the sample CSR eye disease image. 
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Figure 2.4: Sample CSR eye disease image [11] 

2.3.4 Diabetic Retinopathy (DR) 

Diabetic retinopathy is a fundamental sources of people blindness above the 

age of 65 in the United States (DR) [16]. Diabetic can cause problems related to retinal 

blood vessels. Diabetic macular edema can occur at any stage of DR and need some 

modifications of the retinal layer shapes by enlarged the thickness of retinal. This is 

due to the deposition of intra-retinal fluid and is demonstrated by decreased intra-

retinal reactivity. Abnormal foveal contour, variations in the central macular thickness, 

etc. are other visible changes in DR OCT images [16]. Two key forms of DR, 

nonproliferative diabetic retinopathy (NPDR) and proliferative diabetic retinopathy 

(PDR) are accessible. Microaneurysms, rough exudates, nerve fiber layer infarctions 

or cotton-wool exudates, and intraretinal microvascular defects are the clinical features 

of NPDR, while PDR shows new vessels proliferating on the optic nerve head, retina, 

or iris in addition to the NPDR features [16]. Figure 2.5 illustrates the sample image 

of DR eye disease. 

 

Figure 2.5: Sample DR eye disease image [16] 
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