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ABSTRAK

Pada abad ke-21 ini, kebanyakan aplikasi tanpa nvaggerti ‘indoor wide-
band mobile radio’ sistem komunikasi tanpa wayaatgalur internet, komunikasi
multimedia menunjukkan keperluan yang tinggi tedpateknik generasi transmisi
tanpa wayar yang dapat memberikan kadar perpindalakiumat yang tinggi untuk
memberi qualiti tranmisi yang lebih baik. Pemukidan Frekuensi Terbahagi
Orthogon (OFDM) merupakan salah satu teknik yangnpa menyelesaikan
masalah yang berkaitan dengan kepelbagaian lingaakepudaran pilihan saluran
frekuensi dengan efisien dan ia juga imun terhadapgguan jalur sempit.
Kelemahan OFDM yang mempengaruhi prestasinya tetkniasasa nisbah puncak-
ke-purata (PAPR) yang tinggi, frekuensi tidak sepadian fasa isyarat yang tidak
diinginkan. Projek ini membangunkan sistem komusiikherdasarkan teknik
modulasi OFDM dengan menggunakan alat SIMULINK oelsIATLAB. Skema
Pengekodan blok telah digunakan untuk menguranBkd?PR dalam sistem OFDM.
Kadar Kesalahan Bit (BER) juga dikira dan dikajiekhik Generator Matrix
merupakan teknik yang paling efektif dalam menggkan PAPR dan juga BER

dalam system OFDM.



ABSTRACT

In this 21 century, many wireless applications, such as inddde-
band mobile radio systems, broadband communicatioreless internet, and
multimedia communications have great demand on » generation wireless
transmission technique that can provide high dataster rate for better transmission
quality. Orthogoanl Frequency Division MultiplexingdFDM is one of the
techniques capable in eliminate problems assochattd multipath and frequency
selective fading channels efficiently and has thiitg to robust against narrowband
interference. The disadvantages in OFDM which adfeéts performance include
large Peak-To-Average Power Ratio (PAPR), PhaseseNand Frequency Offset.
This project developed a communication system basedOFDM modulation
techniques by using SIMULINK tools in MATLAB. Blockoding Schemes has
been employed to reduce the PAPR of the OFDM sysiém BER performances of
the OFDM system are also measured. The GenerattnixMa the most effective

techniques of PAPR and BER of the OFDM system.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Orthogonal Frequency Division Multiplexing (OFDM} ia multi-carrier
transmission technique that has been recently rezed as an excellent method for
high speed bi-directional wireless data commurocafl]. Over the last decade,
orthogonal frequency division multiplexing has beexploited for several
communication application such as wideband comnatiwic over mobile radio FM
channels, Asymmetric Digital Subscriber Lines (ADSLHigh-speed Digital
Subscriber Lines (HDSL), Very High-speed DigitalbSariber Lines (VHDSL),
Digital Audio Broadcasting (DAB), Digital Video Baalcasting (DVB), and HDTV

terrestrial broadcasting [2].

1.2  Background of OFDM

The concept of using parallel data trassion by means of Frequency
Division Multiplexing (FDM) was published in mid 60[3, 4]. Some early
development can be traced back in the 50s. A Uagnp was filled and issued in

January, 1970. The idea was to use parallel degammts and FDM with overlapping



sub channels to avoid the use of high speed e@tializand to combat impulsive

noise, and multipath distortion as well as to fule the available bandwidth.

The initial applications were in the mitga communications. In the
telecommunications field, the terms of Discrete fidlibne (DMT), Multichannel
Modulation and Multicarrier Modulation (MCM) are aely used and sometimes
they are interchangeable with OFDM. In OFDM, eaaelrier is orthogonal to all
other carriers. However, this condition is not gle/aaintained in MCM. OFDM is

an optimal version of multicarrier transmissioneties.

For a large number of sub-channels, tihayarof sinusoidal generators and
coherent demodulators required in a parallel sysiecome unreasonably expensive
and complex. The receiver needs precise phasirigeotlemodulating carriers and
sampling times in order to keep crosstalk betweah shannels acceptable.
Weinstein and Ebert [5] applied the Discrete Faufieansform (DFT) to parallel
data transmission system as part of the modulaimh demodulation process. In
addition to eliminating the banks of subcarrieribstors and coherent demodulators
required by FDM, a completely digital implementaticould be built around special-

purpose hardware performing the Fast Fourier Toans{FFT).

Recent advances in Very Large Scale lategr (VLSI) technology enable
making of high-speed chips that can perform laige BEFT at affordable price. In
the 1980s, OFDM has been studied for high-speed emed digital mobile
communications and high-density recording. Onénefdystems used a pilot tone for
stabilizing carrier and clock frequency control arellis coding was implemented.
Various fast modems were developed for telephomwarnks. In 1990s, OFDM has

been exploited for wideband data communicationg avebile radio FM channels,



High-Bit-Rate Digital Subscriber Lines (HDSL, 1.6bk8), Asymmetric Digital
Subscriber Lines (ADSL, 1,536 Mb/s), Very High-spdeigital Subscriber Lines
(VHDSL, 100 Mb/s), Digital Audio Broadcasting (DABand HDTV terrestrial

broadcasting [6].

1.3 Principles of OFDM

The reason why the OFDM is being widely used isdatmbility, efficiency in
transmitting signals with high speed. The principle OFDM is to divide the
transmission channel into a number of orthogonbtcdhannels or subcarriers. This
channel partitioning method attempts to construsétaof parallel sub-channels that
are largely independent [2DFDM is based on the FDM principle where it uses
multiple frequencies to transmit multiple signalmgltaneously in parallel. Each
signal has its own frequency range (sub-carriericlwiis then modulated by data.
Each sub-carrier is separated by a guard banddorenhat they do not overlap as
shown in Figure 1.1. These sub-carriers are thenodelated at the receiver by
using filters to separate the bands. However, ti®ID effectively compresses
multiple modulated carriers tightly together, redigcthe required bandwidth but

keeping the modulated signals orthogonal so theyadanterfere with each other.

ATATATATATATATA R

Figure 1.1: Conventional Frequency Division Mukipl(FDM) multicarrier

modulation technique [1].



OFDM is similar to FDM but much more spectrallyieint by spacing the
sub-channels much closer together (until they ateatly overlapping) as shown in
Figure 1.2. This is done by finding frequencied @@ orthogonal, which means that
they are perpendicular in a mathematical sensewiy the spectrum of each sub-
channel to overlap another without interfering with~igure 1.2 shows there is great
reduction of the required bandwidth by removing ¢juard bands and allowing the

signals to overlap. In order to demodulate theaigm DFT or FFT chips are needed

[1].

i f \/ \f H H H \/ \ \ Saving of the bandwidth
« b frequency
»

Figure 1.2: Orthogonal Frequency Division Multipl@FDM) multicarrier

modulation technique [1].

1.4  Orthogonality of OFDM

Some previous researchers have been regli¢w give the new researchers
some ideas on the OFDM. The important aspects @NDRave been contributed in
their works. In [7], to work out OFDM successfulthe orthogonality of the carriers
is to be maintained and the relationship betweereta must be controlled carefully.
Thus, the spectrum required, based on the inpatatad the modulation scheme used
should be the first priority when generating OFDEach carriers which to be

produced is assigned some data to transmit.



According to [7], the required amplitude and pha$ehe carrier is then
calculated based on the modulation scheme, focaypnstances, the differential
Binary Phase Shift Keying (BPSK), Quadrature Ph&hkét Keying (QPSK), or
Quadrature Amplitude Modulation (QAM.). The IFFT tisen used to convert the
required spectrum back to its time domain signéle TFFT is usually used for its
efficiency in performing the transformation and \ades easier path of ensuring the

carriers signals produced are orthogonal.

15 FFT and IFFT

Besides, in [7], the concepts of FFT andETIFre discussed. For the FFT, it
transforms a cyclic time domain signal into its igglent frequency spectrum. This
is achieved by finding the equivalent waveform, egyated by a sum of orthogonal
sinusoidal components. The amplitude and phasehefsinusoidal components
represent the frequency spectrum of the time dorsmnal. Inversely, the IFFT
transform a spectrum (amplitude and phase of eantpanent) into a time domain
signal. An IFFT converts a number of complex daiengs, of length that is a power
of 2, into the time domain signal of the same nundfepoints. Each data point in

frequency spectrum used for an FFT or IFFT is dadidin.

The orthogonal carriers required for the OFDM slgren be generated by
simply setting the amplitude and phase of eachufrqy bin and performing the
IFFT later. The orthogonality of the carriers gexted is assured since each bin of an

IFFT is corresponds to the amplitude and phaseset af orthogonal sinusoids [7].



