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ABSTRACT 

Permanent magnet synchronous motor (PMSM) have been applied in a variety of 

industrial applications which require fast dynamic response and accurate control over 

wide speed range. There are two (2) methods for controlling the PMSM which are 

sensor-based and sensorless-based methods. Sensorless-based method is preferable as 

it overcome the problems of sensor-based method such as costly, require more 

installation space and influenced by surroundings such as harsh environment and high 

temperature. Model reference adaptive system (MRAS) is effective for accurate 

control of speed and position for the PMSM in sensorless-based method. However, 

conventional adaptation scheme such as PI controller reduce the estimation accuracy 

for speed and position of the PMSM. The purpose of this study is to improve the 

accuracy of speed and position estimation of the PMSM by using speed sensorless 

control. A new adaptation scheme using hybrid multilayer perceptron (HMLP) 

network and particle swarm optimization (PSO) algorithm called HMLP-PSO 

controller is introduced in the MRAS for speed sensorless control of PMSM. First, the 

field oriented control (FOC) is modelled and validated using sensor-based method to 

ensure its ability in controlling the PMSM. Then, the MRAS is modelled and HMLP 

network is used for its adaptation scheme. This study introduced a new method to 

train the HMLP network using PSO algorithm. The algorithm is used to find the best 

weights and biases in the HMLP network in order to minimize the error between the 

reference and adjustable currents. The performance of HMLP-PSO controller is 

evaluated in term of transient response, steady state response and overall response 

when certain conditions are applied. In this study, eight (8) different conditions have 

been selected to evaluate the performance of the proposed controller by manipulating 

the speed region and motor load of the PMSM. To benchmark its performance, the 

HMLP-PSO controller is evaluated against two different controllers namely MLP and 

PI controller. To ensure a fair comparison, both controllers are also trained by using 

the PSO algorithm. Overall, MRAS using HMLP-PSO controller outperformed the 

MLP-PSO and PI-PSO controllers in six (6) out of eight (8) conditions. The results 

proved that HMLP-PSO controller able to improve the accuracy of speed and position 

estimation of the PMSM. 

 

 



v 

ACKNOWLEDGEMENT 

In the name of ALLAH, Most Beneficent, Most Merciful, all price and thanks to are 

due to ALLAH, and peace and blessing be upon His messenger. I am greatly indebted 

to ALL SWT on His mercy in giving me the strength, patience, courage and 

determination in completing this work. 

First and foremost, I would like to express my most sincere appreciation to my main 

supervisor, Dr. Muhammad Khusairi Osman for his constant support, encouragement 

and guidance during the course of this research. His wide knowledge, logical way of 

thinking, detailed and constructive comments have been a great value to me and 

provide a good basis for this thesis. Special appreciation also goes to my-co-

supervisor, Dr. Ahmad Asri Abd Samat and Ir. Dr. Nur Ashida Salim. 

My heartfelt gratitude goes to my parents, Nazelan Kanin and  and also 

my grandmother, Siti Rabiah Basri for their love, support and encourage all these 

years. To my siblings, Khairunnisa, Najwa, Zulhilmi and Haziq, it is to you I dedicate 

this effort. It is mainly from all of you that I got strength and inspiration that enable 

me to finish this work and to all of you go a part of my gratitude. 

I am also very grateful to my fellow for their help and support. These include 

Norzahira Shaharin, Siti Hasnah Mohd Ali Darma, Iqbal Mohd Zaki, Mimi Nurzilah 

Hashim and Amin Sabirin Tajuddin, for their stimulating discussions and research 

collaboration. 

Finally, I would like to thank the technician and staff of department of Electrical and 

Electronics Engineering, Universiti Teknologi MARA (UiTM) for giving me access to 

the laboratory and research facilities as well as their assistance in carrying out the 

experiments. Thanks go also to the Kementerian Pelajaran Tinggi for the Mybrain 

scholarship.   

Without the assistance and cooperation of the above mentioned persons, this thesis 

would not have been completed. Last but not least, I would like to thanks to 

individuals who have helped me directly or indirectly in completing this research 

project.  

 



vi 

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 ix 

LIST OF FIGURES xi 

LIST OF SYMBOLS xiv 

LIST OF ABBREVIATIONS xvi 

CHAPTER ONE: INTRODUCTION 1 

1.1 Research Background 1 

1.2 Permanent Magnet Synchronous Motor 1 

1.3 Problem Statement 3 

1.4 Research Objectives 4 

1.5 Research Scopes 4 

1.6 Thesis Outline 5 

CHAPTER TWO: LITERATURE REVIEW 7 

2.1 Introduction 7 

2.2 Construction and Principle Operation of PMSM 7 

2.3 Field Oriented Control 9 

2.4 Speed Sensorless Control of PMSM 12 

2.4.2 Saliency-Based Methods 13 

2.4.3 Model-Based Methods 15 

2.5 Artificial Neural Network and Its Application in Control System 18 

2.5.1 Multilayer Perceptron Network 20 

2.5.2 Hybrid Multilayer Perceptron Network 22 

2.5.3 Training Algorithm for Artificial Neural Network 23 



1 

CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

An electrical motor is an electrical machine that converts electrical energy into 

mechanical energy. The motor can be powered by direct current (DC) source called 

DC motor or by alternating current (AC) source called AC motor. During the past 30 

years, direct current (DC) motor drives have been over take by the alternating current 

(AC) electrical drive. The drive was evolved positively and become dominant in 

variable-frequency drive applications because of development of power electronic, 

digital signal processors (DSPs), and computer-aided design technologies. Nowadays, 

many types of AC motor have been developed to fulfil the demand of industrial 

application such as induction motor (IM), permanent magnet synchronous motor 

(PMSM) and switched reluctance machines (SRM). 

Among the dramatic growth of AC  electrical drives,  the PMSM have been 

used in many application such as electric home appliance [1], [2], electric 

transportation appliance [3], [4], and industrial automation [5]. This motor has been 

widely used due to its small size and volume, high energy efficiency reliable 

operation, simple structure and high power density [6], [7].  

With the continuous reduction in the cost of permanent magnet material and 

the development of control techniques, PMSM have become more attractive and 

competitive [8]. The continuous in reduction of material cost also reduced the overall 

installation and maintenance of the motor. Moreover, the world now more concern 

about energy crisis, where renewable energy can create large demand of PMSM 

technologies for energy conversion appliance and electric-drive vehicles [9]. 

1.2 Permanent Magnet Synchronous Motor 

The permanent magnet synchronous motor (PMSM) and the brushless dc 

motor (BDCM) have many similarities where both machine consist of permanent 

magnet at the rotor and require alternating current to produce constant torque [10], 

[11].  The different between these two machines is PMSM has sinusoidal back 


