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Abstract- This paper presents the simulation model of Worldwide
Inter operability for Microwave Access (WiMAX) system based
on Orthogonal Frequency Division Multiplexing (OFDM) has
been developed with different digital modulation techniques for
real time image, audio and video transmission over wireless
channd like AWGN, Rayleigh and Rician. The simulation is
based on the WiMAX physical layer which adopted an OFDM
model in the transmitter and receiver. The Matlab software is
used to develop the OFDM model and analysis the performance
of WIMAX system. The Bit Error Rate (BER) performance of
wimax system was compared by using different input like image,
audio and video and also with different QAM modulation
technique by plotting graphs between Bit Error Rate and Signal
to Noise Ratio. The basic feature of the next generation of
wireless communications technologies (4G) will be merge with
different wireless networks and multimedia services such as
speech, audio, video, image, Internet services, and data at high
data rates and with high mobility, high capacity and high QoS.
Also it isnoted that asthe order of QAM modulation isincreased
from 256 to 1024, the system has best BER performance for good
channel conditions but for noisy channel conditions, its
performance is comparatively degraded. The simulation model
built for this work, demonstrates that AWGN channel has better
performance than Rayleigh and Rician fading channels
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also cover large area range. WiIMAX standard have tw
versions: |IEEE 802.16-2004 and IEEE 802.16d. Itpsuis
Orthogonal Frequency Division Multiplexing (OFDMh i
physical layer. It provides wireless DSL technologhere
broadband cables are not available. WiMAX stand2.16e
uses (Orthogonal Frequency Division Multiple Acgess
OFDMA technique. It provides support for nomadiada
mobility services so it also known as mobile WiMAX
WIMAX is the abbreviation of Worldwide Interoperétyi for
Microwave Access and is based on Wireless Metrtgoli
Area Networking (WMAN). The WMAN standard has been
developed by the IEEE 802.16 group which is alsapset by
European Telecommunication Standard Institute (ETiSI
High Performance Radio Metropolitan Area Network,,ithe
Hipper MAN group. The main purpose of WIMAX is to
provide broadband facilities by using wireless camination
[1]. WIMAX is also known as “Last Mile” broadbandineless
access technology WIMAX gives an alternate and ebett
solution compared to cable, DSL and Wi-Fi techn@egas
depicted in Figure-1:

WIMAX stands for Worldwide Interoperability for Miowave
Access formed by WIMAX forum in 2001. It provides
wireless broadband to fixed and mobile terminalsaifarge
geographical area. The 2005 version of WiIMAX preddiata
rate up to 40Mbits/s and 2011 version can suppatg chte up
to 1 Gbit/s for fixed stations [1]. WIMAX systemes OFDM
in the physical layer. OFDM is based on the adaptiv
modulation technique in non-lineof- sight (NLOS)
environments. Base stations of WIMAX can provide
communication without the need of line-of-sight &P
connection. WIMAX base station has enough available
bandwidth so at a time it can serve number of siliEss and
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Figure-1: WIMAX System

Like other wireless communication network, transics
medium faces two major problems in  WIMAX
communication system. These problems are:

a) AWGN noise and

b) Rayleigh and Rician Fading.
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In last decades, Orthogonal Frequency Division Midking
(OFDM) based communication systems has been ickshtifs
one of key transmission techniques for next germrat
wireless communication systems [4]. The main dfitvas of
OFDM are handling the multi-path interference, amitigate
inter-symbol interference (ISI) causing bit errcates in
frequency selective fading environments [5]. Wisslenobile
communication systems of the 21st century haveotdimn a
wide range of multimedia services such as speetdge, and
data transmission with different and variable htes up to 2
Mbit/s [6]. It is all recognized that there is aegt impact of
channel coding on the performances of OFDM baseelegs
communication system to provide high data rates cegere
multipath channels.

The main objective of this paper is to built up tleal time
model for the WIMAX based OFDM system along with
different wireless channels compatible to variotmaspheric
conditions for the signal propagation and alsorneestigate
the effect of wimax based OFDM system performarmeer
the AWGN, Rayleigh and Rician fading channel witffiedent
SNR and modulation technique. The model discusseithe
research paper is built on QAM modulation scheme an
OFDM technique based on the platform of Matlab RPO1
simulation.

Il WIRELESS CHANNEL MODELING

Wireless communication is one of the most activeaarof

signals incident from any direction or angle ofiak In
multipath, some signals aid the direct path andesatihers
subtract it.

a). Additive White Gaussian Noise Model:

The simplest type of channel is the Gaussian cHatines
often referred to the additive white Gaussian n@¢S&/GN)
channel .This type of channel having the noiseribistion
with a constant power spectral density with Gaussiture of
PDF over the whole channel bandwidth. Additive whit
Gaussian noise (AWGN) is the commonly used to tréins
signal while signals travel from the channel anchudate
background noise of channel. The mathematical espe in
received signal

r(t) = s(t) + n(t) that passed through the AWGNrutel where
s(t) is transmitted signal and n(t) is backgrouoie.

An AWGN channel adds white Gaussian noise to theasi
that passes through it. It is the basic commurmcathannel
model and used as a standard channel model. Timntited
signal gets disturbed by a simple additive whiteusaéan
noise process.

b). Rayleigh fading:

Rayleigh channel used between the transmitter eoeiver of

the wimax system which describes the most prominent
phenomenon of mobile radio communication systera, i.
fading .The fading is the resultant of rapid flutians in the

technology development and has become an ever-moemplitude, frequency or phase of the signal duetitipath

important and prominent part of everyday life. Siation of
wireless channels accurately is very importanttfar design
and performance evaluation of wireless communiocatio
systems and components. Fading or loss of sigeadsviery

important phenomenon that related to
Communications Field. That leads us to the fadinadets
which try to describe the fading patterns in diéfer
environments and conditions. Although no model

propagation of radio waves. Rayleigh channel moiel
suitable for modeling in urban areas that are ctaraed by
many obstructions where a line of sight path doetsexist
between the transmitter and receiver so the regufiignal

the Wirelesseceived at the receiver will be the sum of all ibdected and

scattered waves. The most commonly used distribufoy
multipath fast fading is the Rayleigh distributiomhose

carprobability density function (pdf) is given by

Jperfectly’] describe an environment, they strive to obtain as

much precision as possible. The better a modeleanribe a
fading environment, the better can it be compedsatéh

other signals, so that, on the receiving end, iheas is error
free or at least close to being error free .Thisuldomean
higher clarity of voice and higher accuracy of datesmitted
over wireless medium. An important issue is in Veiss
application development is the selection of fadimadels.

1.1Fading and Multipath

A Fading Channel is known as communications channe

which has to face different fading phenomenon, rdusignal
transmission. In real world environment, the rgaliopagation
effects combine together and multipath is generatethese
fading channels. Due to multiple signal propagatmaths,
multiple signals will be received by receiver ama tactual
received signal level is the vector sum of thesgjhals .These
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fray(®) = — =P [— r=(
Here, it is assumed that all signals suffer nedny same
attenuation, but arrive with different phases. THamdom
variable corresponding to the signal amplitude iderec? is
the variance of the in-phase and quadrature conmp®ne
Theoretical considerations indicate that the sumsoth
signals will result in the amplitude having the Réyh
iistribution of the above equation .This is alspparted by

easurements at various frequencies. The phasehef t
complex envelope of the received signal is norma#igumed
to be uniformly distributed in [073.

¢). Rician fading:
Rician channel is used for sub urban area where thea LOS
as well as the non-LOS path in between the tramsmand
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receiver, i.e. the received signal comprises ot Itlo¢ direct
and scattered multipath waves. In the modeling afiaR

b

channel the multipath variations of the signal arg
superimposed over the line of sight component whicl
increases the overall strength of the whole infdiomaat the
receiver

When strong LOS signal components also exist,
distribution is found to be Rician, the pdf of sucimction is

Parallel-to-
serial
converson

b

Serial-to-
parallel
conversiol

AWGN, Rayleigh, Rician

given by:
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Figure 2: A block diagram represents WIMAX based®FSystem

Where 62 is the variance of the in-phase and quadraturgi.ci of all, 256 x 256 image input or 8 second iaudith
components .A is the amplitude of the signal of dbeninant

path and 10 is the zero-order modified Bessel fioncof the

first kind.

SIMULATION MODEL

8000 samples or 1.30 minute input video is takemceOthe
data is received in terms of either image or aadivideo, it is
fed into transmitter in form of binary pulses. T¢@nvolution
encoder acts upon the input data and helps to wepthe
capacity of a channel by adding some carefully giesd
redundant information to the data being transmittadugh

The implementation model shown in fig.2 comprises 0he channel. The convolutionally encoded data é tred to
transmitter, receiver and communication channel AWGN,

Rayleigh and Rician. Transmitter consists of inpuage or
audio or video, convolution encoder, and interleabi to
symbol mapper, modulator, and serial to parallelvession,
parallel to serial conversion, inverse Fourier sfarm.

Image/Audio/ Image/Audio/
Video input Video output
Channel Channel
Encoding Decoding
Interleaving Interleaving
Digital Digital de-
modulation modulation

v \ 4

Serial-to- Parallel-to-

parallel serial

conversini conversiol
IFFT FFT

A\ 4 \ 4 l

Add cyclic Add cyclic
prefix prefix
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the interleaver which arranges the data in nonigoatis way
to improve the performance. Encoded data is gleeQAM
modulation. The serial to parallel converts theasduit stream
into parallel form to be transmitted as OFDM symbioi
OFDM process, the in phase and quadrature phase
components of the symbols will undergo through ghecess
of IFFT so that requirement of effective bandwidiéin be
made approximately half without any inter symbol
interference. Cyclic prefix is the most effectiveagd period
attached in front of every OFDM symbol. The cygiefix is
the copy of the last part of the OFDM symbol addedfront
of the transmitted symbol, provided that the lerigtbf equal
or greater than the maximum delay spread of theralaas
shown in figure 2.
The transmitter is followed by AWGN, Rayleigh anétiBn
channel. At the receiver end the exact reverseesmdtake
place to recover the data with the help of FFT inich it
converts the signal into the frequency domain ienth
demodulated according to the block diagram as shown
Figure

V. SIMULATION RESULTS
This section presents and discusses all of thdtsesbtained
by the computer simulation program written in Mb#éb,
following the analytical approach of a wimax baseEDM
system considering AWGN, Rayleigh Fading and Rician
Fading channel.

a) Performance of OFDM based WIMAX System for image
transmission using 256-QAM, 512-QAM and 1024-QAM
modulation technique:

The following figure shows the BER performance ofW#X
system for image transmission through AWGN channel,
Rayleigh and Rician fading channels using Quadeatur
Amplitude Modulation (QAM) technique. From figureda &
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c, we can see that, AWGN channel has lower BER than

Raleigh and Rician fading channel. As seen fromrégthat
when SNR increases the Bit Error Rate decreases iflis
noted that as the order of QAM modulation is inseghfrom
256 to 1024, the system has best BER performancgdod
channel conditions but for noisy channel conditjorits
performance is comparatively degraded.

BER V/S SNR

BER in Db

SNR
Figure-a: Bit error rate (BER) performance of AWGRgleigh and Rician
channels for 256-QAM modulation technique.
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Figure-b: Bit error rate (BER) performance of AWGR&leigh and Rician
channels for 512-QAM modulation technique.
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Figure-c: Bit error rate (BER) performance of AWGRkleigh and Rician
channels for 1024-QAM modulation technique.
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b) Performance of OFDM based WIMAX System for Audio
transmission using 256-QAM, 512-QAM and 1024-QAM
modulation technique:

The following figure shows the BER performance oW#X
system for audio transmission through AWGN channel,
Rayleigh and Rician fading channels using Quadeatur
Amplitude Modulation (QAM) technique. From figure-d &

f, we can see that, AWGN channel has lower BER than
Raleigh and Rician fading channel. As seen fromrégthat
when SNR increases the Bit Error Rate decreaséso iAis
noted that as the order of QAM modulation is insezhfrom
256 to 1024, the system has best BER performarncgadiod
channel conditions but for noisy channel conditjorits
performance is comparatively degraded.
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Figure-d-: Bit error rate (BER) performance of AWGRaleigh and Rician
channels for 256-QAM modulation technique.
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Figure-e: Bit error rate (BER) performance of AWGR&leigh and Rician
channels for 512-QAM modulation technique
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Figure-f: Bit error rate (BER) performance of AWGRaleigh and Rician
channels for 1024-QAM modulation technique

c¢) Performance of OFDM based WIMAX System for Video
transmission using 256-QAM, 512-QAM and 1024-QAM
modulation technique:

The following figure shows the BER performance oW X

system for image transmission through AWGN channel,
Rayleigh and Rician fading channels using Quadeatur

Amplitude Modulation (QAM) technique. From figureda &

c, we can see that, AWGN channel has lower BER than

Raleigh and Rician fading channel. As seen fromrégthat
when SNR increases the Bit Error Rate decreases iflis
noted that as the order of QAM modulation is inseghfrom
256 to 1024, the system has best BER performancgdod
channel conditions but for noisy channel conditjorits
performance is comparatively degraded
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Figure-g: Bit error rate (BER) performance of AWGRaleigh and Rician
channels for 256-QAM modulation technique
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Figure-h: Bit error rate (BER) performance of AWGRaleigh and Rician
channels for 512-QAM modulation technique
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Figure-i: Bit error rate (BER) performance of AWGRaleigh and Rician

channels for 1024-QAM modulation technique

V. CONCLUSION

In this paper the complete wimax system has bealyzed by
transmitting real time image, audio and video signaith
modelling of AWGN, Rayleigh and Rician channel unttee
variation of different modulation schemes and SNR

1. The performance of AWGN channel is the better thHn
channels as it has the lowest bit error rate (B&R)er QAM,

256-QAM, 512-QAM and 1024 modulation schemes. The

amount of noise occurs for transmission of imageli@and
video in the BER of this channel is quite slightiean fading
channels.

2. The performance of Rayleigh fading channel is thoasiv
than all channels as comparing the BER of this shhhas

been much affected by noise under QAM, 256-QAM, -512

QAM and 1024-QAM modulation schemes.
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3. The performance of Rician fading channel is wotsant
that of AWGN channel and better than that of Ray}i€ading
channel. Because Rician fading channel has higkf® than
AWGN channel and lower than Rayleigh fading chanB&R
of this channel has not been much affected by norsger
QAM, 256-QAM, 512-QAM and 1024-QAM modulation
schemes.
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