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ABSTRACT 

During human breathing, the inhalation and exhalation processes are involved. 
Most research in human breath analysis focuses on both the bulk matrix and 
breathing pattern. The conventional way of diagnosing the diseases usually took 
longer time with painful procedures. Different types of diseases can be 
characterized by abnormal breathing patterns. The purpose of this thesis is to 
investigate a breath sensor device capable of detecting moisture in the human 
bulk matrix in both indoor and outdoor conditions. In this way, breathing 
patterns can be captured. In this study, COMSOL Multiphysics is used to 
simulate the breath sensor. A breath sensor is simulated with the MEMS module 
and tested in specific environments with COMSOL Multiphysics to see breath 
sensor performance. In addition, the breath sensor device was tested indoors and 
outdoors at a variety of input wave frequencies. The breath sensor device was 
developed by Noriah Yusoff in previous study. The frequency generator is 
connected to the breath sensor to give the input waveform and an oscilloscope 
is used to capture the output reading of the breath sensor. Breath sensor 
activation requires one exhaled breath from a human subject. This method is 
more straightforward, and the oscilloscope generates the output wave results in 
real-time. Research shows that the sensor can operate indoors and outdoors 
within 1.5 seconds of response time. This indicates that the breath sensor can 
capture human breathing. Furthermore, the sensor's sensitivity exceeds the 
baseline reference of 10mV, so it is sensitive enough to detect moisture in 
human breath regardless of the conditions under which it operates. 16 healthy 
diabetic patients were involved in this study, while 6 unhealthy diabetic patients 
were included. Throughout the study, the breath sensor was able to detect 
moisture in human breath and perform as expected. These results suggest that 
the investigated breath sensor can be used for clinical and healthcare 
monitoring. 

iv 



ACKNOWLEDGEMENT 

In the name of Allah, the Most Gracious and the Most Merciful. Alhamdulillah, 
all praises to Allah (SWT) for the strengths and His Blessing in completing this 
thesis. This thesis has been kept on track and been seen through to completion 
with the endless support and encouragement from my family, supervisors, 
friends, and colleagues. My gratitude and thanks go to my supervisor Prof Ts 
Dr Nor Hayati Saad and my co-supervisor Ir Dr Noriah Yusoff. This work 
would not have been successful without they guidance, valuable insights and 
encouragement. Despite their busy schedule in College of Mechanical 
Engineering, they managed to review my thesis progress and made constructive 
comments. Their tenacity and faith inspire me. 

Sincere thanks to all my friends and colleagues for their kindness and moral 
support during my study. 

To my husband and childrens. Your unconditional loves, prayers, and 
encouragement keep me going. Finally, this thesis is dedicated to my mother 
and very dear late father. This piece of victory is dedicated to both of you. 
Additionally, I would like to thank everyone who has supported me directly or 
indirectly during my Master journey. Alhamdulilah. 

v 



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 

CHAPTER ONE INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 9 

1.3 Research Questions 11 

1.4 Research Objectives 11 

1.5 Research Scope and Limitations 11 

1.6 Significance of the Research Work 15 

1.7 Thesis Outline 17 

CHAPTER TWO LITERATURE REVIEW 18 

2.1 Breath Analysis Technology 18 

2.1.1 Human Breath 18 

2.1.2 Methods of Breath Analysis 21 

2.2 Human Breathing System 25 

2.3 Human Breathing Pattern 28 

2.3.1 Cheyne-Strokes Respiration 32 

2.3.2 Biot's Respiration 33 

2.3.3 Kussmaul Respiration 33 

2.4 Clinical Diagnosis of Human Breathing Pattern 35 

2.4.1 Gas Chromatography or Mass Spectrometry (GC/MS) Detection 

vi 



CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

Breathing is a crucial physiological activity for each human being to 

remain alive. In any human being, the ability to breathe normally is 

automatically regulated by the neuronal activity of the brain [1]. As such, a 

complete normal breathing process involves the rest period inhalation and 

exhalation as shown in Figure 1.1. The rest period is known as the transition 

time before the next inhalation and exhalation start. 

Figure 1.1 Inhalation and Exhalation Process [2] 

Then, breathing is a part of respiration that involves inhaling air from 

the atmosphere and then exhaling that used air which contains a combination of 

oxygen (O2), carbon dioxide (CO2), nitrogen(N2), water vapor (H2O), other 

traces inert gases, and a small amount of volatile organic compounds (VOCs) 

[3]. Thus, the composition of air in exhalation remains almost the same as the 

air composition in inhalation, except for the percentage of carbon dioxide and 

oxygen as shown in Table 1.1. This is because human cells generate energy by 

using oxygen from inhaled air and produce carbon dioxide as a by-product. 

Various studies indicate that the bulk matrix of the breathing mixture varies 
1 


