
iv 

 

TABLE OF CONTENTS 

 

HALAMAN PENGESAHAN .................................................................................. i 

PERNYATAAN ....................................................................................................... ii 

ACKNOWLEDGEMENTS ................................................................................... iii 

TABLE OF CONTENTS ....................................................................................... iv 

LIST OF FIGURES............................................................................................... vii 

LIST OF TABLES.................................................................................................. ix 

INTISARI ................................................................................................................ x 

ABSTRACT ........................................................................................................... xi 

CHAPTER I    INTRODUCTION .......................................................................... 1 

1.1 Motivation ............................................................................... 1 

1.2 Research Problem .................................................................... 4 

1.3 Research Objectives ................................................................ 4 

1.4 Research Limitations ............................................................... 5 

1.5 Research Benefits .................................................................... 6 

1.6 Research Contributions .......................................................... 6 

1.7 Thesis Overview ...................................................................... 6 

CHAPTER II  RESEARCH CONTEXT AND METHODS................................... 8 

2.1 Research Context ..................................................................... 8 

2.1.1 Differences from Prior Studies .................................... 11 

2.2 Research Methods.................................................................. 13 

2.2.1 General Research Description .................................... 13 

2.2.2 Tools and Materials .................................................... 14 

2.2.3 Research Procedure .................................................... 15 

2.2.4 General Model Design ................................................ 16 

2.2.5 Datasets Preparation Design ....................................... 19 

2.2.6 Contrast Limited Adaptive Histogram Equalization 

(CLAHE) .................................................................... 20 

2.2.7 Augmentation ............................................................ 20 

2.2.8 Hyperparameter α ....................................................... 21 

BALANCED-MIXUP ON MANIFOLD FOR HIGHLY IMBALANCED BREAST CANCER CLASSIFICATION
Muhammad Fadlurrohman, Prof. Jia-Ching Wang; Prof. Hsu-Yung Cheng; Afiahayati, S.Kom., M.Cs., Ph.D
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



v 

 

2.2.9 Evaluation Design....................................................... 22 

CHAPTER III THEORIES ................................................................................... 24 

3.1 Breast Cancer ......................................................................... 24 

3.2 Mammography....................................................................... 25 

3.2.1 Mammographic Assessment ....................................... 26 

3.2.1.1 Category 1: Negative .................................... 27 

3.2.1.2 Category 2: Benign ....................................... 28 

3.2.1.3 Category 4: Suspicious ................................. 29 

3.2.1.4 Category 5: Highly Suggestive of   

Malignancy ................................................... 29 

3.2.1.5 Category 6: Known Biopsy-Proven 

Malignancy ................................................... 30 

3.3 Image Preprocessing .............................................................. 31 

3.3.1 Contrast Limited Adaptive Histogram Equalization .. 31 

3.4 Methodology .......................................................................... 32 

3.4.1 MixUp Regularization ................................................ 33 

3.4.2 Data Sampling Strategies............................................ 33 

3.4.3 Balanced-MixUp ........................................................ 34 

3.4.4 Manifold Mixup .......................................................... 37 

3.4.4.1 How Manifold Mixup Was Used in Model 

Training ........................................................ 39 

3.5 Convolutional Neural Network (CNN) ................................. 41 

3.5.1 MobileNet-V2 ............................................................. 43 

3.5.1.1 Depthwise Separable Convolutions .............. 44 

3.5.1.2 Linear Bottlenecks ........................................ 44 

3.5.1.3 Inverted Residuals ........................................ 44 

3.5.1.4 Model Architecture ....................................... 45 

3.5.2 ResNeXt-50 ................................................................ 45 

3.5.3 VGG-19 ...................................................................... 47 

3.5.4 DenseNet-121 ............................................................. 47 

3.6 Optimizer ............................................................................... 48 

BALANCED-MIXUP ON MANIFOLD FOR HIGHLY IMBALANCED BREAST CANCER CLASSIFICATION
Muhammad Fadlurrohman, Prof. Jia-Ching Wang; Prof. Hsu-Yung Cheng; Afiahayati, S.Kom., M.Cs., Ph.D
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



vi 

 

3.6.1 SGD (Stochastic Gradient Descent) ........................... 48 

3.7 Loss Function ........................................................................ 49 

3.7.1 Cross Entropy (CE) .................................................... 49 

3.7.2 Focal Loss (FL) .......................................................... 49 

3.7.3 Class Balanced Loss ................................................... 50 

3.7.4 Balanced-MixUp on Manifold Loss ........................... 51 

CHAPTER IV RESEARCH EXPERIMENT ....................................................... 53 

4.1 Implementation of Preprocessing Images.............................. 53 

4.1.1 Converting Format ...................................................... 53 

4.1.2 Cropping ..................................................................... 53 

4.1.3 CLAHE ....................................................................... 54 

4.1.4 Resizing ...................................................................... 55 

4.2 Description of Datasets and Training Parameters.................. 55 

4.3 Experiments Result and Performance Evaluation ................. 56 

4.4 Analysis Experiment.............................................................. 64 

4.5 Limitation of the Method ....................................................... 67 

4.6 Computational Cost Analysis ................................................ 68 

CHAPTER V  CONCLUSION ............................................................................. 69 

5.1 Research Summaries.............................................................. 69 

5.2 Research Limitations ............................................................. 70 

5.3 Future Research ..................................................................... 70 

REFERENCES ...................................................................................................... 72 

 

 

  

BALANCED-MIXUP ON MANIFOLD FOR HIGHLY IMBALANCED BREAST CANCER CLASSIFICATION
Muhammad Fadlurrohman, Prof. Jia-Ching Wang; Prof. Hsu-Yung Cheng; Afiahayati, S.Kom., M.Cs., Ph.D
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/


	TABLE OF CONTENTS

