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ABSTRACT

Acute Respiratory Distress Syndrome (ARDS) is a severe condition caused by an
inflammatory reaction in the lungs, resulting in fluid accumulation in the alveolar sacs,
commonly observed in patients with respiratory failure. These ARDS patients require
a treatment that can aid and support ARDS patients’ recovery, which is through
mechanical ventilation (MV) therapy for breathing support. Although MV effectively
supports the breathing, however, during MV therapy, the MV management encounters
few challenges, including addressing the asynchrony breathing (AB) resulting from
spontaneous respiratory efforts during MV therapy. Thus, this study aims to optimise
MV management for ARDS patients who are experiencing AB, by developing
enhanced mathematical models and machine learning algorithms especially for patients
that developed AB. Initially, this study proposed an extended time-varying elastance
model along with the integration of negative elastance, as respiratory elastance,
particularly those who modify their airway pressure and airflow due to spontaneous
breathing efforts, thereby dynamically quantifying lung mechanics, which complicates
the ventilation adjustments. In addition, this study also employed deep learning
techniques to detect and classify AB patterns, leveraging one-dimensional and two-
dimensional patient airway pressure data for real-time application. This study presents
two classification methods, which a 2D convolutional neural network (CNN)
methodology for classifying the type of airway pressure based on input images and 1D
of patient airway pressure data as an input to the convolutional long short-term memory
neural network (CNN-LSTM) with a classifier, which could significantly mitigate
complexity and calculation, thereby enhancing accuracy. Results show that the
developed extended time-varying elastance model, as well as the developed extended
time-varying elastance integrated with negative elastance, proved highly reliable in
estimating asynchrony events due to the spontaneous breathing effort across different
ventilation modes, offering actionable insights for adjusting ventilator settings to
minimise ventilator-induced lung injury (VILI). Meanwhile, for both classification
methods using 2D CNN classification methods and 1D machine learning integrated
with classifiers, demonstrated high accuracy in detecting AB, with integrated deep
learning models with classifiers able to distinguish between normal breathing and AB
types such as reverse triggering and premature cycling. Performance metrics, including
k-fold cross-validation and confusion matrix analysis, highlighted robust model
accuracy exceeding 98%. The extended mathematical modelling and integration of
machine learning with classifiers provide a comprehensive framework for improving
MYV management. Real-time analysis of respiratory mechanics and AB patterns enables
clinicians to fine-tune ventilator settings tailored to each patient’s needs. In conclusion,
this study advances MV therapy by offering precise, non-invasive tools for optimizing
ventilation settings and managing AB. By supporting better decision-making and
reducing clinical workload, these models pave the way for safer, more effective, and
patient-centred respiratory support in intensive care settings.

v



ACKNOWLEDGEMENT

Alhamdulillah, Subhanallah, Allahuakbar. Firstly, I wish to thank Allah SWT, the Most
Merciful and the All-Knowing for giving me the opportunity to embark on my PhD and
for completing this long and challenging journey successfully.

My deepest gratitude and heartfelt appreciation to my esteemed supervisor, Associate
Professor Ir. Dr. Nor Salwa binti Damanhuri, for her continuous support, patience, and
exceptional guidance throughout my research journey. Her thoughtful supervision,
flexibility, and encouragement have been instrumental in fostering my growth and
expanding my knowledge. I am profoundly thankful for her insightful comments,
constructive feedback, and tireless dedication, which have enriched my academic and
personal development. My appreciation also goes to my co-supervisory team, Dr.
Yeong Shiong Chiew and Dr. Belinda Chong Chiew Meng, for their steadfast support,
invaluable motivation, and extensive knowledge, which greatly contributed to the
successful completion of this study. Their collaborative insights and encouragement
have been a constant source of inspiration, and I feel privileged to have had such
exceptional mentors guiding me through this transformative journey.

My appreciation goes to the School of Electrical Engineering, College of Engineering,
Universiti Teknologi MARA Cawangan Pulau Pinang, Distinguish Professor Geoffrey
Chase, and Associate Professor Dr. Nor Azlan bin Othman for providing complete
guidance and assistance to conduct novel research on my chosen topic. Special thanks
to my colleagues and friends for the endless support and encouragement from the
beginning until the end.

Finally, for the most special gratitude, this thesis is dedicated to my very dear husband,
Khairul Amir bin Abd Rahman, my loving kids, Adam Syahmi, Amal Syafiq and
Amira Sofea, my dear parents, Haji Muhamad Sauki and

and the whole family members for their tremendous love, endless compassion,
understanding, and continuous emotional and financial support as my backbone for me
to finally pursue this path, as well as for the vision and determination to complete my
PhD journey. This piece of victory is dedicated to them. Masha Allah. Tabarakallah.
Alhamdulillah.



TABLE OF CONTENTS

Page

CONFIRMATION BY PANEL OF EXAMINERS ii
AUTHOR’S DECLARATION iii
ABSTRACT iv
ACKNOWLEDGEMENT v
TABLE OF CONTENTS vi
LIST OF TABLES X
LIST OF FIGURES xii
LIST OF SYMBOLS Xvi
LIST OF ABBREVIATIONS xvii
LIST OF NOMENCLATURE XX
CHAPTER 1 INTRODUCTION 1
1.1 Research Background 1
1.2 Motivation for This Work 7
1.3 Problem Statement 10
1.4 Research Objectives 12
1.5  Significance of the study 12
1.6  Research Scope 14
1.7 Thesis Outline 16
CHAPTER 2 LITERATURE REVIEW 18
2.1 Introduction 18
2.2 Respiratory/Breathing system 18
2.3 Acute Respiratory Distress Syndrome (ARDS) 21
2.4 Mechanical Ventilator 22
2.5  Mechanical Ventilation Parameters 24

2.5.1 Tidal Volume (VT) 24

2.5.2 Positive expiratory pressure (PEEP) 25

2.5.3 Ventilation Modes 26

vi



CHAPTER 1
INTRODUCTION

1.1 Research Background

The respiratory system comprises the organs of the human body that are
responsible for breathing. The primary function of the respiratory system is to inhale
oxygen and exhale carbon dioxide. The organs of the respiratory system include the
nose and nasal cavity, mouth and oral cavity, sinuses, pharynx, larynx, trachea, bronchi,
lungs, alveoli, and diaphragm, as illustrated in Figure 1.1. The main organ for the
respiratory system is the lungs. The lungs are responsible for the exchange of gases

(inhale oxygen and exhale carbon dioxide) during respiration.

The Respiratory System

Adenoids i
Sinus
Tonsils Z/ Nasal Cavity
Pharynx Oral Cavity
Epiglottis 4 Tongue

Larynx
/ Trachea

Left Bronchus

Esophagus

Right Bronchus

Right Lung
__—Ribs

Pleura

Pleural
Space

Diaphragm

Bronchiole
Alveolus (Air Sac)
Mucus

Uy
\ M) ;I//IIIJ/)I/I o
Uhpm— cilia

#
Pulmonary Vein — w Cells

Capillaries v o

Figure 1.1 The human body's respiratory system [1]

Respiratory failure, on the other hand, can happen when the lungs can't perform
their primary duties of blood oxygenation and removal of carbon dioxide. This

respiratory failure may happen due to diseases that adversely affect the function of the





