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ABSTRACT

One type of fiber-optic access system, Fiber-to-the-Home (FTTH) network is
designed to deliver broadband services to end-users over fiber. With the rapid
increasing activity in FTTH deployments in Malaysia and the general desire to
eventually migrate to these systems, the opportunities to simplify and cost reduce the
deployment of such advanced networks has never been more significant. By
implementing radio over fiber technology, this will lead to the reduction in the overall
costs required to deploy photonic access point in FTTH networks today. The advanced
Multiple-Input Multiple-Output (MIMO) system can provide higher capacity gain or
higher diversity gain in the broadband networks. The combination of MIMO and
Orthogonal Frequency Division Multiplexing (OFDM) can harvest the benefits of high
bit rate and low complexity equalization, respectively. The purpose of this study is to
design and simulate the implementation of MIMO-OFDM based photonic access point.
The system has been design to accommodate Wireless Local Area Network (WLAN)
802.11n standard which is using data rate 130Mbps over carrier frequency 2.4GHz. The
design is simulated using OptiSystem software. The performances were analyzed and

presented in eye diagram and graphs from the simulation results.
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ABSTRAK

Satu jenis sistem akses gentian fiber optik, rangkaian fiber ke rumah (FTTH)
direka untuk memberikan perkhidmatan jalur lebar kepada pengguna melalui fiber.
Dengan aktiviti yang pesat membangun dalam pelaksanaan FTTH di Malaysia dan
keinginan untuk berhijrah ke sistem ini, peluang untuk memudahkan dan
mengurangkan kos pelaksanaan rangkaian yang maju seperti ini tidak pernah menjadi
yang lebih penting. Dengan melaksanakan radio melalui teknologi fiber, ini akan
membawa kepada pengurangan dalam kos keseluruhan yang diperlukan untuk
membangunkan pusat akses photonik dalam rangkaian FTTH hari ini. Sistem Multiple
Input Multiple Output (MIMO) yang maju boleh memberikan keuntungan kapasiti yang
lebih tinggi atau kepelbagaian keuntungan yang lebih tinggi dalam rangkaian jalur lebar.
Gabungan MIMO dan Orthogonal Frequency Division Multiplexing (OFDM) boleh
menghasilkan kadar bit yang tinggi dan penyamaan kerumitan yang rendah. Tujuan
kajian ini adalah untuk merekabentuk dan mensimulasi pelaksanaan MIMO-OFDM
berasaskan pusat akses photonik. Sistem ini sudah direka bentuk untuk menampung
Rangkaian Kawasan Tempatan Tanpa Wayar (WLAN) 802.11n yang menggunakan
kadar data 130Mbps melalui frekuensi pembawa 2.4GHz. Reka bentuk ini disimulasi
dengan menggunakan perisian OptiSystem. Prestasi dianalisis dan dibentangkan dalam

bentuk eye diagram dan graf daripada keputusan simulasi.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

As part of ongoing efforts to support the nation’s call for higher broadband
speeds, new Fiber-to-the-Home (FTTH) broadband access solution was introduced in
Malaysia which offers users the preliminary step towards the digital home experience.
The FTTH solution will be targeted at users requiring premium broadband services.
FTTH is an end to end fiber optic connection for the deployment of high speed
broadband services to the homes. Unlike Digital Subscriber Line (DSL) technology, it

offers higher speeds and better throughput quality compared to copper wires.

FTTH's immense capacity allows for the easy deployment of triple-play
application services (voice, video and data). With such high powered capability, users
will discover the ease of use with having IPTV content, video-on-demand entertainment,
gaming, Voice over internet protocol (VoiP) services and data applications delivered, all

via the convenience of a single fiber enabled broadband connection.



With the everincreasing activity in FTTH deployments, and the general desire to
eventually migrate to these systems, the opportunities to simplify and cost reduce the
deployment of such advanced networks has never been more significant. Radio-over-
Fiber (RoF) techniques apply to FTTH distributions to reach the customer premises with

the services to be received with full-standard low-cost equipment.

RoF refers to a technology to facilitate wireless access whereby light is
modulated by a radio signal and transmitted over an optical fiber link. In RoF systems,
wireless signals are transported in optical form between a central station and a set of base
stations before being radiated through the air. RoF makes use of the concept of a
Remote Station (RS). In this project, the RS is referred as Photonic Access Point (PAP).
This station only consists of optical-to-electrical (O/E), optional frequency up or down

converter, amplifiers, and antenna.

The resource management and signal generation circuitry of the Base Station
(BS) can be moved to a centralized location and shared between several access points,
thus simplifying the architecture. Simpler structure of photonic access point means
lower cost of infrastructure, lower power consumption by devices and simpler

maintenance all contributed to lowering the overall installation and maintenance cost.

By introducing Multiple-Input Multiple-Output Orthogonal Frequency Division
Multiplexing (MIMO-OFDM) in the PAP, it will increase the date rates received at the
users. The combination of MIMO-OFDM is considered as the best solution to provide
high data rates under frequency-selective fading channels. OFDM is one of the most
popular physical layer technologies for current broadband wireless communications due

to its high spectral efficiency and robustness to frequency selective fading.



The use of MIMO technology in combination with OFDM increases the diversity
gain and/or the system capacity by exploiting spatial domain. Through modeling,
simulations, and extensive experiments, the behaviour and performance of a RoF

downlink employing MIMO-OFDM was investigated.

1.2 Problem Statement

In term of commercial, the deployments of FTTH in Malaysia become an issue
due to the installation of fiber under or inside the home. User’s house needs to be drilled
in order to insert fiber to the home. This method is not agreed by some user’s because

they don’t want their house been drilled.

On the engineering side, the move towards enhanced mobility will lead to a need
for wireless infrastructure that provides increased bandwidth per user. Wireless coverage
of the end-user domain, be it outdoors or indoors (in-building), is poised to become an
essential part of broadband communication networks. In order to offer integrated
broadband services, these systems will need to offer higher data transmission capacities

well beyond the present-day standards of wireless systems.

The need for increased capacity per unit area leads to higher operating
frequencies and smaller radio cells, especially in indoor applications where the high
operating frequencies encounter tremendously high losses through the building walls.
To reduce the system installation and maintenance costs of such systems, it is imperative
to make the radio antenna units as simple as possible. This may be achieved by
consolidating signal processing functions at a centralized headend, through RoF

technology.



1.3 Objectives

The main objective of this project is to simulate MIMO-OFDM based access
point for FTTH application using RoF technology. The proposed design will reduce the
cost required to deploy FTTH network in Malaysia. Higher data rates could be achieved
by employing a 2x2 MIMO system and higher level modulation scheme, which is 64-
QAM. The access point will be operating at 2.4GHz using 802.11n standard.

1.4 Scope of Project

The scopes of work are proposed as a guideline so that this project is narrowed to
a certain boundaries. This is to ensure this project achieves its objectives. Firstly,
MIMO-OFDM will be implemented in FTTH network using RoF technology. The
downlink system start from Optical Line Transmission (OLT) up to the end user will be

designed.

Spatial multiplexing of 2x2 antennas is used for the MIMO antenna. The
information signal transmitted will be modulated with a carrier frequency of 2.4GHz
before being transmitted into the fiber by laser. Since ITU-R designated 900 MHz, 2.4
GHz, and 5 GHz frequency bands as unlicensed for ISM communities, therefore, 2.4
GHz is chosen to employ in IEEE 802.11n WLAN. This project will utilize OptiSystem

software for the design and simulation.



1.5 Thesis Outline

This thesis consists of six chapters and organizes as follows:

Chapter 1 describes a brief introduction to this project. This introductory part of
this thesis consists of problem statement, objective, scope of work and followed by thesis

outline.

Chapter 2 contains the literature review part of this project. This part is
enlightened the general description of FTTH architectures and how it has been deployed
in Malaysia. The introduction to the RoF technology, OFDM, MIMO and MIMO-
OFDM in WLAN also is discussed in this chapter. Being focused on MIMO-OFDM

technology, related research to this technology is studied.

Chapter 3 describes the methodology carried out in doing this research. Briefly,
after literature reviews are done, designing and simulating the system are realized using
OptiSystem software. Prior to the designing and simulating the system, a specific
parameter needed to be determined. As the simulation succeeded, the results are

analyzed using various analysis tools available and has been discussed.

Chapter 4 presents the system design and simulation of this project. The system
is modeled based on the study and previous researches. The system is simulated from
OLT up to end user. Main signal processing is done in Central Base Station (CBS), then
transmitted through optical fiber and received at PAP before being transmitted to the end

user using wireless medium.



Chapter 5 presented the results obtained from simulations in OptiSystem.
Various tools such as Electrical Constellation Visualizer, RF Spectrum Analyzer, Optical
Spectrum Analyzer and Eye Diagram Analyzer are used in order to obtain the result in

form of graph signal. The results has been analyzed and discussed.

Chapter 6 concludes the whole project. This chapter also provides a few

recommendations of future work for development and modification of the system.
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