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ABSTRACT 

 

 

 

 

 Image segmentation is an essential step for other image processing steps. 

There are plenty of image processing tools in the market but most of them are not 

research and education based. There are only few from the remaining ones which are 

suitable and widely being used by new leaner and MATLAB is one of them. 

Although MATLAB is open source and well established but limited interactive 

applications focusing on image segmentation targeting for new learners. Discussion 

and open forum are mostly reviewing advance image processing techniques. 

However, the fundamental of image segmentation cannot be neglected as it affects all 

other image processing applications later. Most of the time, new learner spent longer 

time understanding the tool instead of familiarize with the algorithm and theory 

behind the image segmentation. The purpose of the project is to develop an 

interactive learning tool for image segmentation targeting for new learners. In this 

project, an interactive Graphical User Interface, GUI which is based on MATLAB is 

being introduced as survey shows that undergraduates from Universiti Teknologi 

Malaysia, UTM prefer and more frequent to use MATLAB solving image processing 

related issues. The Learning Tool of Image Segmentation covering most of the 

fundamental images segmentation techniques; such as point detection, line detection, 

edge detection, thresholding, region growing, Watershedding and K-Mean clustering. 

Information displayed on each and every step helps users to understand better the 

algorithm, theory and Application Programming Interface, API for the method. 

Guidance and questions at Message Window increase the curiosity of image 

segmentation and custom segmentation options motivates new learners for trial and 

error.  
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ABSTRAK 

 

 

 

 

 Segmentasi imej merupakan satu langkah penting untuk pemprosesan imej 

yang lain. Terdapat banyak aplikasi pemprosesan imej di pasaran tetapi 

kebanyakannya bukan untuk matlamat penyelidikan dan pendidikan. Aplikasi yang 

sesuai dan sering digunakan oleh pennguna yang baru adalah sangat sedikit. 

MATLAB adalah salah satu daripada aplikasi-aplikasi yang sesuai. Walaupun 

MATLAB adalah sumber terbuka dan mantap tetapi aplikasi interaktif yang memberi 

tumpuan kepada segmentasi imej untuk pelajar baru adalah terhad. Kebanyakan 

perbincangan dan forum terbuka mengkaji teknik pemprosesan imej yang lebih 

canggih. Walau bagaimanapun, asas segmentasi imej tidak boleh diabaikan kerana ia 

boleh menjejaskan aplikasi-aplikasi pemprosesan imej yang lain nanti. 

Kebiasaannya, pelajar baru perlu meluangkan masa yang lama untuk memahami 

peralatan itu dan bukannya memamfaatkan masa dengan memahami algoritma dan 

teori di sebalik segmentasi imej. Tujuan projek ini adalah untuk membina satu 

aplikasi pembelajaran interaktif yang menumpukan perhatioan kepada segmentasi 

imej untuk pelajar baru. Dalam projek ini, Graphical User Interface, GUI interaktif 

yang dibina atas aplikasi MATLAB diperkenalkan. Kajian menunjukkan bahawa 

mahasiswa dari Universiti Teknologi Malaysia, UTM lebih suka dan lebih kerap 

mengguna MATLAB untuk menyelesaikan masalah-masalah berkaitan dengan 

pemprocessan imej. Aplikasi Pembelajaran Segmentasi Imej meliputi kebanyakan 

teknik asas segmentasi imej; seperti pengesanan titik, pengesanan garis, pengesanan 

pinggir, thresholding, region growing, Watershedding dan K-Mean Clustering. 

Maklumat yang dipaparkan semasa pengguna melancarkan sesuatu langkah 

segmentasi imej akan membantu mereka untuk memahami algoritma, teori dan 

Application Programming Interface, API MATLAB dengan lebih baik. Selain itu, 

maklumat tersebut akan meningkatkan lagi rasa ingin tahu mereka and secara tidak 

langsung membimbing mereka untuk mencuba teori segmentasi sendiri. 

 



vii 

 

 

 

 

 

 

TABLE OF CONTENTS 

 

 

 

 
CHAPTER TITLE PAGE 

   

 DECLARATION ii 

 DEDICATION iii 

 ACKNOWLEDGEMENT iv 

 ABSTRACT v 

 ABSTRAK vi 

 TABLE OF CONTENTS vii 

 LIST OF TABLES ix 

 LIST OF FIGURES x 

 LIST OF ABBREVIATIONS xiii 

 LIST OF APPENDICES xiv 

 

  1 INTRODUCTION 1 

 1.1 Introduction 1 

 1.2 Problem Statement 2 

 1.3 Objectives 3 

 1.4 Scope of Work 3 

 1.5 Significance of Study 4 

 1.6 Thesis Overview 4 

   

  2 LITERATURE REVIEW 5 

 2.1 Discontinuity Segmentation 6 

  2.1.1 Point Detection 6 

  2.1.2 Line Detection 8 

  2.1.3 Edge Detection 8 

 2.2 Similarity Segmentation 13 

  2.2.1 Thresholding 13 



viii 

 

  2.2.2 Region-Based Segmentation 15 

  2.2.3 Watershedding 15 

  2.2.4 Clustering 16 

 2.3 Image Segmentation Tools 16 

   

  3 METHODOLOGY 19 

 3.1 Project Overview 19 

 3.2 Design Flow 20 

 3.3 Chapter Summary 23 

   

  4 RESULT AND DISCUSSION 24 

 4.1  Introduction 24 

 4.2  Environment Setup and Requirements 24 

 4.3  Introduction Page 24 

 4.4  GUI for Pre-Processing 26 

 4.5  GUI for Image Segmentation 31 

  4.5.1 Point Detection and Line Detection 33 

  4.5.2 Edge Detection 34 

  4.5.3 Thresholding Segmentation 36 

  4.5.4 Region Based Segmentation 39 

  4.5.5 Watershedding Segmentation 40 

  4.5.6 Clustering Segmentation 41 

  4.5.7 Custom Segmentation 43 

 4.6  Chapter Summary 43 

   

  5 CONCLUSION 45 

 5.1 Conclusion 45 

 5.2  Future Works 46 

   

  REFERENCES 48 

  Appendix A 50 

  



ix 

 

 

 

 

 

 

LIST OF TABLES 

 

 

 

 
TABLE NO. TITLE PAGE 

   

2.1 Image segmentation methods for discontinuity and similarity  6 

4.1 Summary of the features of image segmentation learning tool  44 

   

 

  



x 

 

 

 

 

 

 

LIST OF FIGURES 

 

 

 

 
FIGURE NO. TITLE PAGE 

   

2.1 Filter mask for (a) Isolated point detection, (b) A extension that 

includes the diagonal terms, (c) Another implementations of the 

Laplacian for isolated point detection and (d) Another 

implementations of the Laplacian for isolated point detection that 

includes the diagonal terms 

 7 

2.2 Line detection masks for (a) Horizontal, (b) -45°, (c) Vertical 

and (d) +45° 

 8 

2.3 Type of Edges; where (a) Step Edge, (b) Ramp Edge, (c) Line 

Edge and (d) Roof Edge 

 9 

2.4 Robert mask for edge detection [2]; where (a) For Gx and (b) 

For Gy 

 10 

2.5 Prewitt mask for edge detection [2]; where (a) Horizontal, (b) 

Vertical, (c) extended mask detecting diagonal edges (-45°) and (d) 

extended mask detecting diagonal edges (+45°) 

 10 

2.6 Sobel mask for edge detection [2], where (a) Horizontal, (b) 

Vertical, (c) extended mask detecting diagonal edges (-45°) 

and (d)extended mask detecting diagonal edges (45°) 

 11 

2.7 5×5 mask for the LoG [2]  12 

2.8 Level-Set Segmentation GUI of ITK  17 

2.9 interface for the Statistical Parametric Mapping (SPM) [20]  18 

3.1 Design flow for image segmentation learning tool  21 

4.1 Introduction Page of image segmentation learning tool  25 

4.2 Pop-up window for selecting an image  25 

4.3 GUI for Pre-Processing  26 

   



xi 

 

4.4 (a) Original Image imposed with Salt and Pepper noise, (b) 

Output image after Linear Filtering, (b) Output image after 

Median Filtering and (b) Output image after Adaptive 

Filtering 

 27 

4.5 Edit window pops-up for user to enter custom pre-processing 

code 

 28 

4.6 Histogram of the image is shown  29 

4.7 Histogram of an image showing low in contrast  29 

4.8 (a) and (b) shows an image with low contrast with its histogram  30 

 (c) and (d) shows the output image after histogram equalization 

with its histogram 

 

4.9 Info message displayed at Message Window helps new 

learners to understand the image better and some guidance to 

next step 

 30 

4.10 GUI for Image Segmentation  32 

4.11 (a) Original image, (b) output image applying Point Detection 

using filter Kernel [1 1 1; 1 -8 1; 1 1 1], (c) Output image applying 

Line Detection with horizontal filter kernel and (d) Output image 

applying Line Detection with vertical filter kernel 

 33 

4.12 Information displayed while performing Point Detection with 

filter kernel, where (a) [0 1 0; 1 -4 1; 0 1 0] and (b) [1 1 1; 1 -

8 1; 1 1 1] 

 34 

4.13 Output Image after applying (a) Roberts Edge Segmentation, (b) 

Prewitt Edge Segmentation, (c) Sobel Edge Segmentation, (d) LoG 

Edge Segmentation, (e) Zero Crossing Edge Segmentation and (f) 

Canny Edge Segmentation 

 35 

4.14 GUI for Image Segmentation with segmentation methods 

based on concept Similarity 

 36 

4.15 Output image applying Local Thresholding Segmentation 

with window size (a) n=3 and (b) n=25 respectively 

 37 

4.16 Output image applying Global Thresholding Segmentation 

with global thresholding value (a) T=0.5% and (b) T=80 

respectively 

 37 

   



xii 

 

4.17 Output image applying Adaptive Global Thresholding where the 

global thresholding value is self computed 

 38 

   

4.18 Output Image applying Otsu’s Adaptive Global Thresholding 

method with multiplier (a) 1.1 and (b) 1.5 respectively 

 38 

4.19 Pop-up window asking user to select a “seed point” for 

region growing segmentation computation 

 39 

4.20 Output image of region growing segmentation where “seed 

point” failed on (a) one of the overlapping blood cells and (b) 

background pixel respectively 

 40 

4.21 Output image of Watershedding Segmentation (a) without 

pre-processing image smoothing and (b) with pre-processing 

image smoothing 

 42 

4.22 Output image of K-Mean Clustering Segmentation with 

number of clustering (a) k=2 (b) k=3 (c) k=8 and (d) k=12 

respectively 

 44 

   

 

 



xiii 

 

 

 

 

 

 

LIST OF ABBREVIATIONS 

 

 

 

 

GUI  - Graphical User Interface 

API  - Application Programming Interface 

2D  - 2 Dimensional 

LoG  - Laplacian of a Gaussian 

ITK  - Insight Segmentation and Registration Toolkit 

ILASTIK - Interactive Learning and Segmentation Toolkit 

SPM  - Statistical Parametric Mapping 

UTM  - Universiti Teknologi Malaysia 

RGB  - Red Green Blue 

 

 

 



xiv 

 

 

 

 

 

 

LIST OF APPENDICES 

 

 

 

 

APPENDIX TITLE PAGE 

   

A Part of MATLAB Source Code 51 

   

   

   

   

   

   

   

   

   

 



 

 

 

 

 

CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

Segmentation is the process of dividing images into constituent regions or 

objects [1]. As manual image segmentation is time consuming and the size and 

numbers of medical images have increased, therefore automatic methods are widely 

being discussed and applied. Until today, image segmentation is still a top and 

challenging topic. Segmentation accuracy determines the eventual success or failure 

of computerized analysis procedures. The level of detail to which the subdivision is 

carried depends on the problem being solved because there is no point to continue 

subdivision the image if the detail required to identify those elements has obtained 

[2, 3].  

 

 In general, there are two groups of image segmentation techniques; which are 

discontinuity and similarity. The top three image segmentation techniques which are 

widely being applied according to a research paper on medical image segmentation 

methods and software [1] are thresholding, region growing and edge tracing. 

Segmentation using threshold value is a simple yet effective method which may 

apply in gray scale or color images to distinguish regions with contrasting intensity 

levels. Segmentation on biomedical images by using region growing method 

separates particles that touch each other. It shrinks objects to seed points, and grows 

to original size with the pixels that touching neighbor object to be white. Where edge 

detection forms an edge image after which edge pixels with adjacent neighbor 
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connectivity are followed sequentially and collected into a list to represent an object 

boundary [1, 3].  

 

Each of the image segmentation methods has own advantages and 

disadvantages and so most of the time they are not applied individually. Different 

algorithms or models may apply together on each method in order to cover each 

other to complete a full image processing application [2]. As image segmentation is 

an essential topic on image processing techniques, it is always being included for 

subject digital image processing. New learner will first need to understand the 

fundamental of image segmentation before moving on to explore other advance 

topic.  

 

 A good image processing learning tool cultivates interest of users and 

motivates them to explore advance techniques. Although there are uncountable 

image processing tools in the market but most of them are commercialized and do 

not meant for research and education purposes. In the following, an image 

segmentation learning tool is being introduced which meeting the criteria of a good 

learning tool; which are high performance, high output quality, interactive and user 

friendly. 

 

 

1.2 Problem Statement 

 

The analysis of biological high content images often requires segmentation as 

a first step. The important of image segmentation promoted it to become the 

compulsory subject in digital image processing subject. A good image segmentation 

learning tool motivates new learners to achieve higher with shorter time. Although 

there are plenty of image segmentation tools in the market, however most of them are 

not developed for research and education purposes. As a result, new learners 

spending much more time dealing with the tool rather than beneficial the time with 

deepen the knowledge in image segmentation algorithm and theory. Besides that, 

most of the image processing tool do not have all fundamental image segmentation 

techniques but only covers some which are needed for their applications. This 

situation is worse for new learners who do not familiar with programming languages. 
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As a result, new learners likes undergraduates always depends on the experience 

tutor to complete their assignments.  

 

 

1.3 Objectives 

 

The objective of this project is to develop a learning tool focusing on image 

segmentation, which is user friendly, high performance, effective and easy to 

understand. The image segmentation learning tool covers most of the fundamental 

techniques of image segmentation. The output image is effective with high 

performance. Info message and guidance benefit new learners to understand image 

algorithm and theory of segmentation better. An interactive Graphical User Interface, 

GUI is developed with clear instruction and functions so that it is user friendly.  

 

 

1.4 Scope of Work 

 

In order for the project to achieve its objectives within the duration of the 

given timeline, it would be best that we list down the breadth and depth of the scope 

of work so that effort and focus will not go astray.  

 

1. This learning tool is focusing on fundamental image segmentation 

techniques and do not covers advance techniques or other image 

processing applications due to the limited resources.  

2. This learning tool is targeting the undergraduates who is studying 

biomedical and digital image processing subject. 

3. This learning tool is developed based on MATLAB as MATLAB is 

commonly used by most of the undergraduates in Malaysia. This tool 

should be able to runs with OS Window 7 and it should be able to run for 

all 2D biomedical images that being used as teaching materials in 

Universiti Teknologi Malaysia, UTM. 
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1.5 Significance of Study 

 

This study provides a user friendly and interactive interface based on 

MATLAB for new learners to apply fundamental image segmentation techniques on 

given assignments so that they can understand and familiarize with algorithm and 

theory behind image segmentation.  

 

 

1.6 Thesis Overview 

 

 This thesis comprises of five chapters with each discussing in detail on the 

aspects related to this project. Chapter 1 consists of the introduction, objectives, 

scope of work as well as significance of the project. Furthermore it also provides a 

brief introduction on the project environment and specifies the object of interest. 

Chapter 2 provides literature review on few published paper, thesis and digital image 

processing book that study on the digital image segmentation on 2D images. It 

reviews the common image segmentation methods and software that commonly used.  

 

 Chapter 3 mainly describes the methodology, theory and approaches in 

completing the project. Design flow on the project is reviewed as well. Results and 

discussions are presented in chapter 4. The functionality of the options in GUI and 

the expected outcome are being discussed in this chapter. Lastly, Chapter 5 

summarizes the entire project together with some suggestions for future works.  
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