Lecture Notes in Networks and Systems 847

Phung Trung Nghia - Vu Duc Thai -
Nguyen Thanh Thuy - Le Hoang Son -
Van-Nam Huynh Editors

Advances in
Information and
Communication
Technology

Proceedings of the 2nd International
Conference ICTA 2023, Volume 1

@ Springer



Lecture Notes in Networks and Systems 847

Series Editor

Janusz Kacprzyk @, Systems Research Institute, Polish Academy of Sciences, Warsaw,
Poland

Advisory Editors

Fernando Gomide, Department of Computer Engineering and Automation—DCA,
School of Electrical and Computer Engineering—FEEC, University of
Campinas—UNICAMP, Sdao Paulo, Brazil
Okyay Kaynak, Department of Electrical and Electronic Engineering, Bogazici
University, Istanbul, Tiirkiye
Derong Liu, Department of Electrical and Computer Engineering, University
of lllinois at Chicago, Chicago, USA

Institute of Automation, Chinese Academy of Sciences, Beijing, China
Witold Pedrycz, Department of Electrical and Computer Engineering, University of
Alberta, Alberta, Canada

Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland
Marios M. Polycarpou, Department of Electrical and Computer Engineering, KIOS
Research Center for Intelligent Systems and Networks, University of Cyprus, Nicosia,
Cyprus
Imre J. Rudas, Obuda University, Budapest, Hungary
Jun Wang, Department of Computer Science, City University of Hong Kong, Kowloon,
Hong Kong


https://orcid.org/0000-0003-4187-5877

The series “Lecture Notes in Networks and Systems” publishes the latest developments
in Networks and Systems—quickly, informally and with high quality. Original research
reported in proceedings and post-proceedings represents the core of LNNS.

Volumes published in LNNS embrace all aspects and subfields of, as well as new
challenges in, Networks and Systems.

The series contains proceedings and edited volumes in systems and net-
works, spanning the areas of Cyber-Physical Systems, Autonomous Systems, Sen-
sor Networks, Control Systems, Energy Systems, Automotive Systems, Biologi-
cal Systems, Vehicular Networking and Connected Vehicles, Aerospace Systems,
Automation, Manufacturing, Smart Grids, Nonlinear Systems, Power Systems,
Robotics, Social Systems, Economic Systems and other. Of particular value to both
the contributors and the readership are the short publication timeframe and the world-
wide distribution and exposure which enable both a wide and rapid dissemination of
research output.

The series covers the theory, applications, and perspectives on the state of the art
and future developments relevant to systems and networks, decision making, control,
complex processes and related areas, as embedded in the fields of interdisciplinary and
applied sciences, engineering, computer science, physics, economics, social, and life
sciences, as well as the paradigms and methodologies behind them.

Indexed by SCOPUS, INSPEC, WTI Frankfurt eG, zbMATH, SCImago.
All books published in the series are submitted for consideration in Web of Science.

For proposals from Asia please contact Aninda Bose (aninda.bose @springer.com).


mailto:aninda.bose@springer.com

Phung Trung Nghia - Vu Duc Thai -
Nguyen Thanh Thuy - Le Hoang Son -
Van-Nam Huynh

Editors

Advances 1in Information
and Communication
Technology

Proceedings of the 2nd International
Conference ICTA 2023
Volume 1

@ Springer



Editors

Phung Trung Nghia

Thai Nguyen University of Information
and Communication Technology

Thai Nguyen, Vietnam

Nguyen Thanh Thuy

VNU University of Engineering
and Technology

Vietnam National University

Vu Duc Thai

Thai Nguyen University of Information
and Communication Technology

Thai Nguyen, Vietnam

Le Hoang Son

Information Technology Institute
Vietnam National University

Ha Noi, Vietnam

Ha Noi, Vietnam

Van-Nam Huynh

Japan Advanced Institute of Science
and Technology

Nomi, Ishikawa, Japan

ISSN 2367-3370 ISSN 2367-3389 (electronic)
Lecture Notes in Networks and Systems

ISBN 978-3-031-49528-1 ISBN 978-3-031-49529-8 (eBook)
https://doi.org/10.1007/978-3-031-49529-8

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2023

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.


https://orcid.org/0000-0002-3860-7815
https://doi.org/10.1007/978-3-031-49529-8

Organization

Honorary Co-chairs

Pham Hong Quang, TNU, Vietnam
Ho Tu Bao, JAIST, Japan

Nguyen Truong Thang, IoIT, Vietnam
Nguyen Van Tao, ICTU, Vietnam

General Co-chairs

Hoang Van Hung, TNU, Vietnam
Nguyen Thanh Thuy, FISU, Vietnam
Tien-Yin Chou, FCU, Taiwan

Phung Trung Nghia, ICTU, Vietnam

Program Co-chairs

Nguyen Huu Cong, TNU, Vietnam
Dongkyun Kim, KNU, Korea
Van-Nam Huynh, JAIST, Japan

Le Hoang Son, VNU, Vietnam
Nguyen Long Giang, IolIT, Vietnam
Vu Duc Thai, ICTU, Vietnam

Organizing Co-chairs

Tran Thanh Van, TNU, Vietnam

Bui Thu Lam, FISU, Vietnam
Nguyen Duc Dung, IoIT, Vietnam
Do Dinh Cuong, ICTU, Vietnam
Nguyen Van Huan, ICTU, Vietnam
Nguyen Tuan Minh, TNUT, Vietnam

Publication Co-chairs

Nguyen Gia Nhu, DTU, Vietnam
Duc-Binh Nguyen, ICTU, Vietnam
Nguyen Hai Minh, ICTU, Vietnam
Quach Xuan Truong, ICTU, Vietnam
Nguyen Van Hau, FISU, Vietnam



vi Organization
Local Organizing Co-chairs

Nguyen Van Nui, ICTU, Vietnam
Nguyen Duy Minh, ICTU, Vietnam
Do Thi Bac, ICTU, Vietnam
Truong Ha Hai, ICTU, Vietnam

Vu Chien Thang, ICTU, Vietnam
Nguyen Von Dim, ICTU, Vietnam
Vu Xuan Nam, ICTU, Vietnam

Technical Program Committee Members

Dang Quang A., Vietnam
Duong Huu Ai, Vietnam

Dao Nam Anh, Vietnam

Mai The Anh, Vietnam
Nguyen Thi Hai Anh, Vietnam
Nguyen Tuan Anh, Vietnam
Nguyen Viet Anh, Vietnam
Pham The Anh, Vietnam

Do Thi Bac, Vietnam

Ngo Xuan Bach, Vietnam
Doan Van Ban, Vietnam

Ho Tu Bao, Vietnam

Rodrigo C. Belleza, Jr., Philippines
Huynh Thi Thanh Binh, Vietnam
Duc-Binh Nguyen, Vietnam
Nguyen Thanh Binh, Vietnam
Jeong-Hyun Chang, Korea
Nguyen Van Chi, Vietnam
Nguyen Dinh Chien, Vietnam
Ta Quang Chieu, Vietnam
Tien-Yin Chou, Taiwan

Pham Minh Chuan, Vietnam
Mai Van Chung, Vietnam
Nguyen Dinh Cong, Vietnam
Nguyen Huu Cong, Vietnam
Do Dinh Cuong, Vietnam
Duong Chinh Cuong, Vietnam
Nguyen Duy Cuong, Vietnam
Nguyen Hung Cuong, Vietnam
Pham Van Cuong, Vietnam
Tran Van Dai, Vietnam

Ha Manh Dao, Vietnam
Vuong Cong Dat, Vietnam



Nguyen Thi Thu Den, Vietnam
Nguyen Von Dim, Vietham
Gia Thi Dinh, Vietnam
Luong Khac Dinh, Vietnam
Nguyen Van Doan, Vietnam
Dao Huy Du, Vietnam

Hoang Huu Duc, Vietnam

Le Thi Minh Duc, Vietnam
Ngo Minh Duc, Vietnam
Phan Thanh Duc, Vietnam
Cao Tien Dung, Vietnam

Le Ba Dung, Vietnam
Nguyen Dinh Dung, Vietnam
Nguyen Duc Dung, Vietnam
Nguyen Tien Dung, Vietnam
Tran Tien Dung, Vietnam
Yared Abera Ergu, Taiwan
Nguyen Long Giang, Vietnam
Tran Thi Thu Ha, Vietnam
Doan Thanh Hai, Vietnam
Trinh Thanh Hai, Vietnam
Truong Ha Hai, Vietnam
Nguyen Thi Hang, Vietnam
Le Duc Hau, Vietnam
Nguyen Van Hau, Vietnam
Dao Anh Hien, Vietnam

Le Trung Hieu, Vietnam
Nguyen Huu Hoa, Vietnam
Nguyen Thanh Hoai, Vietnam
Le Hoan, Vietham

Pham Minh Hoan, Vietnam
Bui The Hong, Vietnam
Pham Duc Hong, Vietnam
Dang Trong Hop, Vietnam
Nguyen Van Huan, Vietnam
Phung The Huan, Vietnam
Hoang Van Hung, Vietnam
Le Van Hung, Vietnam

Tran Dang Hung, Vietnam
Dao Thi Huong, Vietnam

Le Thi Thu Huong, Vietnam
Luu Thi Bich Huong, Vietnam
Ngo Huu Huy, Vietnam
Nguyen Phuong Huy, Vietnam
Pham Thanh Huyen, Vietnam

Organization

vii



viii Organization

Van-Nam Huynh, Japan
Ren-Hung Hwang, Taiwan
Nguyen Quoc Khanh, Vietnam
Nguyen Thi Hong Khanh, Vietnam
Tran Nhuan Kien, Vietnam
Dongkyun Kim, Korea
Joo-Chang Kim, Korea
Kwanghoon Kim, Korea

Lai Khac Lai, Vietham

Bui Thu Lam, Vietnam

Dinh Xuan Lam, Vietnam
Pham Dinh Lam, Korea

Pham Xuan Lam, Vietnam
Po-Ching Lin, Taiwan

Le Hung Linh, Vietnam

Lo Thi Trang Linh, Vietnam
Nguyen Van Linh, Vietnam
Dam Bao Loc, Vietnam
Nguyen Van Loi, Vietnam

Le Phuoc Cuu Long, Vietnam
Pham Duc Long, Vietnam

Vu Huy Luong, Vietnam
Ronaldo C. Maafio, Philippines
Roselyn A. Maafio, Philippines
Doan Quang Minh, Vietnam
Ngo Duc Minh, Vietnam
Nguyen Duy Minh, Vietnam
Nguyen Hai Minh, Vietnam
Nguyen Hieu Minh, Vietnam
Nguyen Le Minh, Japan
Nguyen Tuan Minh, Vietnam
Tran Thi Song Minh, Vietnam
Vu Dinh Minh, Vietnam
Nguyen Ha Nam, Vietnam
Pham Thanh Nam, Vietnam
Vu Xuan Nam, Vietnam

Le Thi Thu Nga, Vietnam

Tran Thi Ngan, Vietnam

Do Thanh Nghi, Vietnam
Phung Trung Nghia, Vietnam
To Huu Nguyen, Vietnam
Nguyen Thi Thanh Nhan, Vietnam
Nguyen Gia Nhu, Vietnam
Nguyen Thi Hong Nhung, Vietnam
Le Dac Nhuong, Vietnam



Organization

Do Thuy Ninh, Vietnam

Nguyen Van Nui, Vietnam
Kazuhiro Ogata, Japan

Mizuhito Ogawa, Japan

Huynh Cong Phap, Vietnam

Ho Van Phi, Vietnam

Nguyen Duy Phuong, Vietnam
Nguyen Thi Mai Phuong, Vietnam
Truong Thi Viet Phuong, Vietnam
Dang Minh Quan, Vietnam

Dao Anh Quan, Vietnam
Nguyen Vu Anh Quang, Vietnam
Pham Hong Quang, Vietnam

Vu Vinh Quang, Vietnam

Tran Quang Quy, Vietnam

Vu Khanh Quy, Vietnam
Nguyen Van Quyet, Vietnam
Hoang Duc Quynh, Vietnam
Dang Thai Son, Vietnam

Le Hoang Son, Vietnam

Trinh Hoai Son, Vietnam
Kyounghee Sun, Korea

Tong Thi Hao Tam, Vietnam
Nguyen Duy Tan, Vietnam
Nguyen Thi Thanh Tan, Vietnam
Jose B. Tan, Jr., Philippines
Nguyen Van Tao, Vietnam

Vu Duc Thai, Vietnam

Huynh Quyet Thang, Vietnam
Nguyen Toan Thang, Vietham
Nguyen Truong Thang, Vietnam
Pham Chien Thang, Vietnam
Tran Anh Thang, Vietnam

Vu Chien Thang, Vietnam

Ha Thi Thanh, Vietnam

Le Nguyen Tuan Thanh, Vietnam
Ngo Ngoc Thanh, Vietnam
Nguyen Tuan Thanh, Vietnam
Vo Thi Thanh Thao, Vietnam

Vu Huy The, Vietnam

Nguyen Si Thin, Vietnam

Dang Dai Tho, Vietnam

Huynh Ngoc Tho, Vietnam

Mai Duc Tho, Vietnam

Pham Duc Tho, Vietnam

ix



X Organization

Nguyen Thanh Thuy, Vietnam
Nguyen Vinh Thuy, Vietnam
Nguyen Minh Tien, Vietnam
Do Nang Toan, Vietnam

Tran Song Toan, Vietnam
Nguyen Van Toi, Vietnam
Thien-Vu Tran, Vietnam
Nguyen Thi Kieu Trang, Vietnam
Van Hung Trong, Vietnam
Hoang Quang Trung, Vietnam
Nguyen Thanh Trung, Vietnam
Quach Xuan Truong, Vietnam
Le Anh Tu, Vietnam

Duong Quoc Tuan, Vietnam
Luu Minh Tuan, Vietnam
Nguyen Huu Tuan, Vietnam
Nguyen Trung Tuan, Vietnam
Tran Manh Tuan, Vietnam

Bui Van Tung, Vietnam

Tran Minh Tuoc, Vietnam
Nguyen Thi Bach Tuyet, Vietnam
Masashi Unoki, Japan

Tran Thanh Van, Vietnam
Hoang Quoc Viet, Vietnam
Nguyen The Vinh, Vietnam
Nguyen Quang Vu, Vietnam
Vu Viet Vu, Vietnam

Tran Thi Xuan, Vietnam

Tran Quang Yen, Vietnam
Hyun Yoo, Korea



Keynotes



Exploitation of Electronic Medical Records

Ho Tu Bao
Data Science Lab at Vietnam Institute for Advanced Study in Mathematics, Hanoi,
Vietnam
bao@viasm.edu.vn

Abstract Exploitation of electronic medical records (EMR) is a new,
important, but challenging issue in healthcare in every country. It was
started in Vietnam nearly 10 years ago, attracting and requiring much
effort from the ICT community. This talk is about the story of EMR
exploitation in Vietnam. It has been a long road in which our project
has tried to identify the key issues to pursue and to develop the initial
solutions along the way. I also point out that mathematics and informatics
are essential in those solutions.
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Advancing Slope Land Disaster Monitoring and Alert
Systems through Synergistic IoT and AI Integration

Tien-Yin Chou
GIS Research Center, Feng Chia University, Taipei City, Taiwan
jimmy @gis.tw

Abstract The escalating global vulnerabilities to natural disasters driven
by climate change and geological instabilities have heightened the suscep-
tibility of numerous nations. This presentation expounds upon the deploy-
ment of a comprehensive Internet of Things (IoT) framework seamlessly
augmented with artificial intelligence (AI) capabilities to revolutionize
slope land disaster monitoring and alerting. Within this framework, an
assortment of sensor devices facilitates real-time data transmission to a
centralized backend infrastructure. Through meticulous integration, an
intelligent decision-making model is synthesized, empowering govern-
mental bodies with a robust foundation for informed monitoring and
dissemination, distinguished by green, yellow, and red alert levels. The
adoption of these sophisticated disaster mitigation technologies adheres
to internationally recognized geospatial standards. The incorporation of
Al-driven disaster prevention systems refines the precision of essential
information conveyance, empowering policy makers to promptly com-
prehend real-time disaster dynamics. This, in turn, facilitates the timely
delivery of preemptive notifications to the populace, consequently miti-
gating the impact of impending disasters. The convergence of Al and IoT
emerges as an indispensable paradigm, meticulously poised to fortify
contemporary disaster management strategies.
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Audio/Speech Information Hiding Based on Human
Auditory Characteristics

Masashi Unoki
School of Information Science, Japan Advanced Institute of Science and Technology,
Ishikawa, Japan
unoki@jaist.ac.jp

Abstract Audio information hiding (AIH) has recently been focused on
as a state-of-the-art technique enabling copyrights to be protected and
defended against attacks and tampering of audio/speech content. This
technique has aimed at embedding codes as watermarks to protect copy-
rights in audio/speech content, which are inaudible to and inseparable
by users, and at detecting embedded codes from watermarked signals.
It has also aimed at verifying whether it can robustly detect embedded
codes from watermarked signals (robust or fragile), whether it can blindly
detect embedded codes from watermarked signals (blind or non-blind),
whether it can completely restore watermarked signals to the originals
by removing embedded codes from them (reversible or irreversible), and
whether it can be secure against the publicity of algorithms employed in
public or private methods. AIH methods, therefore, must satisfy some of
the five following requirements to provide a useful and reliable form of
watermarking: (a) inaudibility (inaudible to humans with no sound dis-
tortion caused by the embedded data), (b) robustness (not affected when
subjected to techniques such as data compression and malicious attacks),
(c) blind detectability (high possibility of detecting the embedded data
without using the original or reference signal), (d) confidentiality (secure
and undetectable concealment of embedded data), and (e) reversibility
(removable embedded data from the watermarked signal and/or enable
watermarking to be re-edited). In this talk, historical and typical ATH
methods (including speech information hiding) are introduced and their
drawbacks are pointed out. Then our proposed methods based on human
auditory characteristics (cochlear delay, adaptive phase modulation, sin-
gular spectrum analysis with psychoacoustic model, formant enhance-
ment, spread-spectrum with LP residue) are introduced. In addition, cur-
rent research issues such as speech spoofing and deepfake detection will
also be introduced.
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Research on Intrusion Detection on Host Devices

Ren-Hung Hwang
College of Artificial Intelligence, National Yang Ming Chiao Tung University, Taipei
City, Taiwan
rhhwang @nycu.edu.tw

Abstract As networking applications prevail, network security threats
also become worsen. Although deep learning-based intrusion detection
systems (IDSs) are very promising, there are still unsolved issues: (1)
Most of the IDSs are network-based IDSs; (2) Most of the IDSs are
based on a single data source (mostly are network traffic); (3) Most of
the IDSs do not differentiate different attack stages; (4) Training and
testing data sets used by most of the deep learning-based IDSs are offline
data sets that are from the public domain or collected by researchers
through private experiments. Most IDSs do not consider decentralized
learning by exploring the trust relationship between hosts. Our research
aims to resolve these issues by developing a deep learning host-based
intrusion detection system utilizing multiple data sources. A host-based
IDS can be deployed on a personal computer, an application server, or
a gateway of IoT devices. Compared to a network-based IDS, a host-
based IDS can collect more critical security information, such as system
logs and host statistics. These multiple data sources collected at a host
benefit the intrusion detection process and preserve privacy. This talk
will include three parts. The first part aims to develop a deep learning
host-based intrusion detection system utilizing multiple data sources. It
also aims to detect different stages of network attacks. In the second part,
the trust relationship between hosts is utilized to develop a decentralized
learning mechanism such that unknown attacks can be learned through
decentralized learning. In the last part, semi-supervised mechanisms will
be developed to conduct online learning, which could continuously re-
train the deep-learning-based model to detect new network attacks.
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Abstract. In the field of modern medicine, biomedical informatics is
crucial for enhancing illness detection, management, and treatment. A
strong basis for applications that can enhance people’s health and quality
of life has been established thanks to the convergence of rich medical
data with potent information technology. The detection and diagnosis
of breast cancer is one of the key fields where biomedical data is used
and labeled data plays an important role in supervised learning models.
However, labeling data can costly and time consuming. In the field of
breast cancer, there is a similar problem. So that, an approach will be
proposed for automatic data labeling using active learning to improve
breast cancer prediction by combining least confidence sampling with
fine-tuned MobileNet model called BCPDAL. Experimental research on
a number of fine-tuned deep learning models combined with uncertainty
sampling methods and with the dataset used as BUSI. The results have
shown that proposed approach BCPDAL can achieve 90% accuracy with
only 50% of the labeled data samples in the entire original dataset.

Keywords: Active learning - Breast cancer - Classification -
Uncertainty sampling - Labelling

1 Introduction

Biomedical informatics [1] has become an important field contributing to the
improvement of diagnosis, treatment and management of diseases in the field of
modern medicine. The combination of rich medical data and powerful informa-
tion technology has created a solid foundation for applications that can improve
people’s health and quality of life. There have been many researches and projects
on biomedical informatics in life such as: Human Genome Project, Medical Image
Analysis, Disease Prediction and Epidemiological Analysis, and so on. One of
the important applications of biomedical information is in the field of breast
cancer detection and diagnosis [2].
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As reported in [3], Breast cancer is one of the most dangerous and common
diseases, especially in women. According to statistics from [4], the number of new
cases was 2,261,419 with the number of deaths being 684,996 in 2020. Because
of that, early detection of breast cancer will make treatment more effective [5].
One of the ways to detect that is based on images such as: x-ray, ultrasound,
etc [6]. From these image data, there have been many studies in building super-
vised machine learning models to detect and diagnose of the disease based on
these breast cancer images [7]. However, the application of supervised machine
learning models [8] requires a labeled dataset. The construction of these labeled
datasets is very expensive in terms of money and time. And much of the current
breast cancer imaging data remains unlabelled. Because of that, in this study, the
authors propose an approach in automatic data labeling based on active learn-
ing [9] to improve breast cancer prediction by using a combination of fine-tune
MobileNet and least confidence sampling. It is called BCPDAL (Breast cancer
prediction based on deep active learning). Experimental research on proposed
approach and other models combined with uncertainty sampling method [10].
The BUSI dataset [11] is used for experiment and the results have shown that
proposed approach will result in 90% accuracy with only 50% of the data in the
entire original dataset. The main contributions of this study include:

— Propose an approach using active learning to the breast cancer prediction
results in case of very rare data. Find good labeling strategy through evalu-
ation and comparison between different strategies.

— Combine active learning with deep learning, find a suitable model, hyperpa-
rameters and fine-tune the deep learning model to help bring the best results
to the problem of data labeling with the data set in use.

This article is divided into 5 sections. The first section is an introduction. The
next section is related works. The third section is the proposed method. The
fourth section is the experiments and final is the conclusion.

2 Related Works

The problem of missing data is one of the most difficult problems in model
training with supervised learning. And the same goes for breast cancer. In our
knowledge, the application of active learning in the automatic labeling problem
to enhance the data and improve the accuracy of the model is very little. The
paper [12] is one of the few studies in this area.

In [12], the authors proposed a method called Reversed Active Learning
(RAL) to train the CNN model in the breast cancer classification problem. CNN
combines with RAL to remove mislabeled data. This study experimented on the
ICIAR 2018 Breast Cancer Dataset (IBCD) with an accuracy of 93.75-96.25%.

Authors in [13] proposed an active learning framework on breast cancer detec-
tion using an ensemble learning. In this framework, the authors have combined
many machine learning models such as: KNN [14], SVM [15], Naive Bayes [16],
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logistic regression [17], random forest [18] and gradient boost [19]. The experi-
ments were performed on the The Cancer Genome Atlas (TCGA) dataset [20].
The results obtained from the association framework are very satisfactory with
an accuracy of 83-98% depending on the classified class.

In [21], a strategy called Batch Active learning by Diverse Gradient Embed-
dings (BADGE) is proposed based on kMeans++ [22]. This method selected
samples based on hallucinated gradients. Since the usage data do not have the
true labels available, this hallucinated gradient should be used. Importantly,
BADGE trades off uncertainty and diversity without requiring any manually
adjusted hyperparameters. While other methods were sometimes successful for
specific batch sizes or structures, BADGE always performs as well or better,
making it a useful choice for active learning problems in the real world.

3 Proposed Approach

Figure 1 depicts BCPDAL to data labeling and improve breast cancer prediction
based on active learning technique [9] for breast cancer imaging data. In which,
the combination between the uncertainty sampling methods [10] with other fine-
tuned deep models in turn to compare with proposed approach. In addition,
the data before being input into the deep learning model will undergo a pre-
processing step to increase the image contrast.

Fine-Tuned Deep Leaming Models

H-

Uniabeled
Dataset

Pre-processing
- 5

Labeled

Fig. 1. The proposed approach—BCPDAL.

3.1 Sampling Methods

Uncertainty Sampling [10] is a technique for selecting data samples so that these
data samples make the predictive model the least confident to label the data. The
goal of this technique is to find data samples that can overcome the weaknesses of
the current model. In this paper, three sampling methods will be used includings
least confidence, margin sampling and entropy-based sampling.

Least confidence method [10] is focus on selecting the samples that the
machine learning model has the highest probability of predicting but is not
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confident enough in its predictions. Let L be labeled dataset, U be unlabeled
dataset, D = L U U be all data includings labeled and unlabeled dataset, = be
sample in D, S(z) be least confidence score of sample z, §q. be the model’s
highest confidence prediction, and P(Yargmaz|z) be predicted probability of the
class with the highest probability by the model for sample x. The least confidence
score is calculated by formula (1).

SLC(:E) =1- P(gargmarlm) (1)

Formula (2) represents the margin sampling method [10]. In a classification
problem, choosing samples where the model has difficulty distinguishing between
two classes can improve the model’s performance on new data. In which, Sy, (z)
is margin score, Jmq. 18 the model’s highest confidence prediction and P(§s|x)
is the predicted probability of the second lowest probability class by the model
for the sample z.

SM(x) = P(gargmaw|x) - P(g2|l‘) (2)

The final sampling method used in this paper is entropy-based sampling
[10]. Let Sgp(x) be entropy-based score of sample x. The entropy-based score
is calculated according to the formula (3).

Sep(r) = —Xyey P(y|)log2 P(y|z) 3)

3.2 Fine-Tuned Deep Learning Models

To increase the accuracy of feature extraction and classification in deep learning
models, a sufficiently large amount of data is required. However, for diseases such
as breast cancer, the data analyzed is very limited. Transfer learning method is
one of the solutions to overcome this limitation. Fine-tuned pre-train models can
result in higher performance for the problem to be solved.

In this paper, different fine-tuned learning models will be performed to
improve the results for the applied problem. The weights of the pre-train models
still on the ImageNet set are still used in this study. Figure 2 shows an illustration
for the fine-tuned deep learning model.

Weight transferred from pre-train model New layers
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Fig. 2. An illustration of deep model for improving breast cancer prediction.
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In the proposed fine-tuning model as Fig. 2, following the layers of the pre-
train model is a flatten layer for the purpose of reshape a tensor and dropout
layer to skip some units during training in the model, this helps to reduce the
overfit rate of the model. This is followed by a set of 3 layers includings dense,
batch normalization and dropout that they are repeated 3 times. Final is fully-
connected layer. In this study, the fine-tune techniques will be applied for the
MobileNet model and other models with purpose for comparison in the experi-
mental section.

4 Experiments

4.1 Dataset and Hyperparameters

Breast Ultrasound Images (BUSI) is a dataset that is published in [11]. This
dataset was collected from women aged 25-75 with a total of 600 patients. The
included dataset was classified into 3 classes: 210 images for malignant, 437
images for benign, and 133 images of people without disease. All images are
saved in PNG format with an average size of 500x500. From the original BUSI
dataset, data will be splited into three parts at a ratio of 2.5-77.5-20 consisting
of 2.5% for labeled data and 77.5% for unlabeled data and 20% of data used for
testing. This labeled data will be the first training set for the fine-tuned models
and the unlabeled set to apply the sampling method as described above.

In the experiment, hyperparameters will be used as epoch = 10, 20, 30,
learning rate = 0.1, 0.01, 0.001, hidden unit = [512, 256, 128], [256, 256, 64].
The results will be shown in Sect. 4.2 that collect from best hyperparameter set
includings epoch = 20, learning rate = 0.001, hidden unit = [512, 256, 128], [256,
256, 64].

To train the models and evaluate the proposed method, Python language is
used with two main supporting libraries, tensorflow and keras. The experiment
was carried out on a computer with a configuration including Windows 10 64-bit;
Intel Core 15-12400F CPU @ 2.50 GHz x 12; and 32 GB of RAM, and NVIDIA
GeForce RTX 3060 12 GB VRAM graphics card.

4.2 Evaluate the Experiment Results

The purpose of this experiment is to evaluate BCPDAL and compare with com-
bination between other deep models and strategy sampling in uncertainty sam-
pling.

Figure 3 shows the results of the labeling process with different models using
hidden unit = {[512, 256, 128]}. From above result, BCPDAL just assigning
labels to 340 image data samples (At the 17th step, this equates to 56.6% of the
dataset) can achieve an accuracy of 87%.

Figure 4 shows the results of the labeling process with another hyperpa-
rameter hidden unit = {[256, 256, 64]}. With the least confidence method, the
proposed approach achieves 90% accuracy with only 320 labeled data samples



