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ABSTRACT 

Nowadays screening mammography is widely recognized as the only imaging 

modality that is useful for the early detection of breast abnormalities. This is due to 

the fact that mammography is able to detect abnormality (microcalcifications) in the 

breast two years ahead before the abnormalities become palpable. In order to detect 

these microcalcifications successfully, a good segmentation technique is required. 

Seed-Based Region Growing (SBRG) has been widely used as segmentation method 

for medical images. The first process in SBRG is to identify an initial seed point. 

Most of the SBRG methods identify the seed point manually which involve human 

interaction. In this study, the SBRG method is enhanced using Mathematical 

Morphology (MM) technique. Morphology involves a theory for the analysis of shape 

and spatial structures. The roles of MM are used in developing an automated initial 

seed point and for post processing to obtain a smooth shape and boundary of 

microcalcifications. These methods are tested on 50 region of interest (ROI) images 

confirmed by a radiologist to consist microcalcifications. The results were compared 

with manual seed point selection. The performance is evaluated using Receiving 

Operator Curve (ROC) based on level of detection and classification. Experimental 

results show that the level of detection and classification for automated seed point are 

0.98 and 0.94, respectively. On the other hand, the level of detection and classification 

for manual seed point are both 0.93. Since the values for automated seed point are 

closer to 1 as compared to the values of manual seed point, it can be said that the use 

of automated seed point is better than manual seed point. Consequently, this implies 

that the automated seed point has successfully segmented the microcalcifications. 

nt 



ACKNOWLEDGEMENTS 

i^®& S, 
Alhamdulillah, all praises be to Allah the Almighty, for giving me the patience, 

blessing perseverance, good health and energy for the completion of this study. In 

completing this research I have been assisted by many people around me. First and 

foremost I would like to express my gratitude to my supervisor, Assoc. Prof Dr Wan 

Eny Zarina Wan Abdul Rahman and co-supervisor Prof Dr Arsmah Ibrahim for their 

continuous guidance, consistent support and encouragement throughout the duration 

of this study. The confidence they showed in me, helped me pursue the journey 

successfully. It is an honor for me to have them as my supervisors. 

I wish to gratefully acknowledge Universiti Teknologi MARA for granting the Young 

Lecturer Scheme (TPM) scholarship for my Master Degree. Not forgetting, I am 

heartily thankful to Dr Sulaiman Tamanang for the digital mammogram images 

received from his centre. 

I would like to extend my deepest love and thanks to my partner in life, Mustaza Bin 

Muhammad for always believing in me, and for the patience and countless support. 

Also to my beloved son Aqif Mirza, who has made it possible for me to work with 

peace of mind. 

Lastly, special thank to my colleagues, Siti Salmah Yasiran and Abdul Kadir Jumaat 

for giving me valuable advice, sharing experience and ideas. Last but not least, my 

friends Eleena, Zati, Harliza and Shikin for their encouraging words and friendship. 

iv 



TABLE OF CONTENTS 

TITLE PAGE i 

CANDIDATE'S DECLARATION ii 

ABSTRACT iii 

ACKNOWLEDGEMENTS iv 

TABLE OF CONTENTS v 

LIST OF FIGURES viii 

LIST OF TABLES x 

LIST OF SYMBOLS AND ABBREVIATIONS xi 

CHAPTER 1: INTRODUCTION 

1.1 Overview 1 

1.2 Problem Statements 3 

1.3 Objectives 4 

1.4 Significance of the Research 5 

1.5 Scope and Limitations of Research 5 

1.6 Thesis Organization 6 

1.7 Summary 6 

CHAPTER 2: BACKGROUND OF STUDY 

2.1 Overview 7 

2.2 Breast Anatomy 7 

2.3 Breast Cancer 8 

2.4 Imaging Modalities 9 

2.4.1 Mammographic Signs of Cancer 12 

2.5 Segmentation 13 

2.6 Seed-Based Region Growing 14 

2.6.1 Mathematical Preliminaries of Seed-Based Region Growing 17 

2.6.2 Initial Seed Point Selection 18 

2.7 Boundary Segmentation 21 

2.7.1 The Image Gradient 21 

2.7.2 Sobel Operator 22 

2.8 Image Processing Procedure 24 

v 



2.8.1 Digital Image 25 

2.8.2 Neighbours of a Pixel 26 

2.8.3 Connectivity 27 

2.8.4 Convolution 27 

2.8.5 Median Filter 29 

2.9 Summary 30 

CHAPTER 3: MATHEMATICAL MORPHOLOGY 

3.1 Overview 31 

3.2 Mathematical Morphology Evolution 31 

3.3 Preliminaries of Mathematical Morphology 33 

3.3.1 Dilation 35 

3.3.2 Erosion 40 

3.4 Grayscale Morphology 44 

3.4.1 Regional Maxima 45 

3.4.2 Local Maxima 46 

3.5 Structuring Element Decomposition 47 

3.6 Summary 50 

CHAPTER 4: METHODOLOGY 

4.1 Overview 51 

4.2 Research Framework 51 

4.2 Phase 1: Knowledge and Data Acquisition 54 

4.2.1 Preprocessing 56 

4.3 Phase 2: Selection of Initial Seed Point 56 

4.3.1 Manual Initial Seed Point 56 

4.3.2 Automated Initial Seed Point 57 

4.4 Phase 3: Feeding Seed Point for Region Growing Algorithm 59 

4.4.1 Postprocessing 61 

4.5 Phase 4: Performance Evaluation 62 

4.6 Phase 5: Development of Graphical User Interface 65 

4.7 Summary 67 

CHAPTER 5: IMPLEMENTATION 

5.1 Overview 68 

5.2 Knowledge and Data Acquisition 68 

5.2.1 Preprocessing 68 

vi 


