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ABSTRACT 

Radio Frequency (RF) technologies are presently the main medium for 

wireless communication systems. However, like many other technologies, RF has 

constraints such as limited bandwidth and electromagnetic interference which limit the 

applications of RF technologies in certain scenarios. For example, RF signals can 

cause interference with aircraft communication systems, medical equipment and 

devices in the hospital or navigational devices in airports. Meanwhile, current 

advancements in Light Emitting Diode (LED) devices and materials are driving the 

applications of Visible Light Communication (VLC). VLC combines both 

illumination and communication together within one device. VLC uses a white light 

LED as a source for the data transmission. Many opportunities exist to exploit the 

low-cost nature of LEDs and their lighting properties for widespread deployment of 

VLC. However, some characteristics of the optical wireless medium, including 

mobility, directionality, multi-user access and susceptibility to ambient light noise 

sources, must be managed and overcome. VLC system is standardised by IEEE 

802.15.7 specification. In this dissertation, an analytical model and the ns-2 simulation 

model of the indoor Visible Light Communication (VLC) is developed and analysed 

bas)ed on the IEEE 802.15.7 standard. The analytical model is developed based on the 

Discrete Time Markov Chain (DTMC) method. The analytical model is compared 

with the theoretical CSMA model to verify the correctness of the proposed models. 

The throughput curves of the theoretical CSMA model, the DTMC analytical model, 

and the ns-2 simulation model follow the same pattern. The throughput improvement 

for the DTMC analytical model over the CSMA basic model at the maximum 

throughput value is ranged from 8 percent to 31 percent depending on the network 

configuration.  The throughput improvement is due to the back-off mechanism 

implemented by the proposed IEEE 802.15.7 model. Thus, this verifies correctness 

and the improvement of the proposed DTMC analytical model. The detailed design 

and implementation of a VLC prototype for an indoor optical wireless communication 

is also presented based on an Optical Ethernet Transceiver previously developed by 

the TMR&D Advanced Internet Lighting Application (AILA) team. The VLC 

prototype consists of an Optical Ethernet Transceiver and the software VLC MAC that 

manages the connections for multiple users. The software VLC MAC is developed to 

support multi-user connectivity using the existing Optical Ethernet Transceiver. The 

throughput of the Software MAC VLC system is about 7.5 Mb/s for 1024 bytes packet 

size which is 21% lower compared to the maximum theoretical rate. This is due to the 

unused 0.33 part of the slot size for every packet sent, which can be translated to 16.5 

% wastage of throughput. The remainder is due to the packet processing delay at the 

application layer. Thus, the soft MAC implementation result matches the maximum 

theoretical rate of the VLC system. 

 

 



v 

 

ACKNOWLEDGEMENT 

My highest appreciation goes to my advisor, Professor Dr Mohd Dani Baba to whom I 

am very grateful for giving me the opportunity to explore, be challenged and to 

receive his invaluable guidance in my research topic during my seven years as a 

graduate student in UiTM. I want to thank him for the moral support, technical 

support and the confidence he gave me. I would also like to thank my secondary 

advisor, Associate Professor Dr Haji Mohd Asri Bin Haji Mansor, for spending his 

precious time to help me with my publications and dissertation. For their dedication 

and professionalism, my deepest thanks go to both my advisors. 

 

I also would like to thank my colleagues at TM Research and Development for their 

encouraging and constructive discussions. My appreciation goes to Mazlaini Yahya 

for introducing me to VLC, a leading edge of OWC technology.  Mazlaini is the main 

designer and developer of the Optical Ethernet Transceiver system that enabled me to 

develop the software VLC MAC on top of the system as discussed in Chapter 6. In 

addition, I would like to thank the members of the Advanced Internet Lighting 

Application (AILA) team, starting with Nazaruddin bin Omar, Noor Aisyah Binti 

Mohd Akib and Mohd Kamarulzamin Bin Salleh for making this research possible. 

 

Moreover, I would like to thank the panel of examiners, for their valuable comments. I 

realise that they have spent a substantial amount of their time reviewing my 

dissertation and their valuable input is very much appreciated. 

 

My utmost appreciation and gratefulness go to my family. There are no words in the 

world that could fully express my gratitude for their support, love and affection from 

mom, dad, my wife, my daughter, and my sons. I love you all. 

 

Telekom Malaysia (TM) Research and Development Sdn. Bhd. supported this work. 



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 xi 

LIST OF FIGURES xii 

LIST OF ABBREVIATIONS xvi 

 

 

CHAPTER ONE: INTRODUCTION 1 

1.1 Motivations 1 

1.2 Advantages of Optical Wireless Communication (OWC) 2 

1.2.1 Large Spectrum 2 

1.2.2 Security 3 

1.2.3 System Complexity 4 

1.2.4 Visible Light Communication (VLC) 4 

1.3 Disadvantages of Optical Wireless Communication 4 

1.3.1 Line Of Sight (LOS) 4 

1.3.2 Multipath Distortion (Indoor) 5 

1.3.3 Signal Attenuation 5 

1.3.4 Mobility 5 

1.3.5 Multiple Access 5 

1.4 Problem Statements 6 

1.5 Objectives 7 

1.6 Scope of Works 8 

1.7 Significant Contributions 8 



1 

 

CHAPTER ONE 

INTRODUCTION 

 

 

1.1 MOTIVATIONS 

 

A Radio frequency (RF) communication system is a leading and growing technology 

that has been widely used and will continue to be the main medium for wireless 

communication in the foreseeable future. However, RF suffers from a number of limitations 

in certain scenarios, especially in restricted areas [1], [2] where the RF signals can cause 

interference with communication and other systems.  

For the next generation of wireless communication technology, typically specified as 

the LTE/4G system, with the support of the advancement of Laser Diodes (LD) and Light-

Emitting Diode (LED) materials, researchers believe that optical wireless communication 

(OWC) has potential and is a promising complementary technology to the RF communication 

system for access to networks and for short range indoor applications [3].  

In general, OWC uses light beams that are transmitted through the air or space to 

carry information. The usage of OWC can be traced back to ancient times when people used 

fire as a signal for long range communication such as warning of an invasion. In the modern 

era, Alexander Graham Bell patented a photophone [4] in June 1880 which used sunlight to 

carry voice over free space as illustrated in Figure 1.1. However, usage of the invention was 

not widespread due to the small transmission length and the sun does not constantly radiate 

light over a period of time [4], [5].  

 




