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ABSTRACT

To enhance the band width usage with adding cyclic prefix
and pilot insertion, wavelet based OFDM is employed for
performance increment using BER analysis. This also
classified on AWGN, RICIAN, RAYLEIGH and
NAKAGAMI channels for BER performance based on SNR.
These results as numerically compared with original OFDM,
FRFT-OFDM
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1. INTRODUCTION

The desire for faster wireless technologies and the increase in
multimedia applications is the principal driving force behind
OFDM's increased popularity. Orthogonal Frequency Division
Multiplexing (OFDM) is a modulation scheme used to
transmit digital data efficiently in multipath fading
environment. It is a multi-carrier system with simultaneous
transmission of data on closely spaced orthogonal sub-
carriers. Conventional OFDM system is deployed with IFFT
(Inverse Fourier Transform) to generate orthogonal sub-
carriers. A cyclic prefix is added to every symbol to combat
the delay spread introduced by multipath channel and the
length of cyclic prefix must be at least the same size as the
expected channel delay spread. Addition of cyclic prefix
minimizes inter-symbolinterference (I1SI) [1].

With the rapid growth of digital communication in recent
years, the need for high-speed data transmission has been
increased. The wireless industry faces the problem of
providing the technology that be able to support a variety of
services ranging from voice communication with a bit rate of
a few kbps to wireless multimedia in with a bit rate up to 2
Mbps. Many systems have been proposed and OFDM system
has gained much attention for different reasons. Although
OFDM was first proposed in the 1960s, only in recent years, it
has been recognized as an outstanding method for high-speed
data communication system where its implementation relies
on very high-speed digital signal processing. Since OFDM is
carried out in the digital domain, OFDM method is flexible
for the design process and enough fast in terms of time to put
it in the market [2].

OFDM is a multicarrier modulation technique. OFDM
provides high bandwidth efficiency because the carriers are
orthogonal to each other and multiple carriers share the data
among themselves. The main advantage of this transmission
technique is their robustness to channel fading in wireless
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communication environment. The main objective of this
project is to design a simulation model using MATLAB to
check the performance of the paper design [3].

Orthogonal Frequency Division Multiplexing (OFDM) is a
multi-carrier modulation technique which divides the
available spectrum into many carriers. OFDM uses the
spectrum efficiently compared to FDMA by spacing the
channels much closer together and making all carriers
orthogonal to one another to prevent interference between the
closely spaced carriers. The main advantage of OFDM is their
robustness to channel fading in wireless environment.
Commercial  applications of OFDM are ADSL,
IEEE802.11a/HiperLAN2, WiMAX, Digital Broadcasting
(DVB-T) [4].

2. METHODOLOGY

Block diagram representation is provided below with
mathematical representation

A. FRFT

The meaning of FrFT states it as a chrip basis extension,
which is characterizing the revolution in time, frequency that
is brought together time frequency transformation by
changing the estimation of Fractional. By changing the
Fractional estimation from 0.0 to 1.0 the signal characterstics
can be transformed from time to frequency domain[5].

FrET is defined as

RGO = [0k Gude @
Ka(t,u) = A, e/m ¢ +u’lcota—j2ntucsca s called the kernel
transform where « is called the rotation angle of a
transformed signal and a = %[6].By estimating the fractional

component ‘a’ improvement in BER can be achieved. FrFT
appended OFDM signal must be orthogonal as to achieve
error free signal For orthogonality condition between any two
signals we must compute the whole interval i.e(-T/2 to +T/2)
Consider two signals X, ,,, (t) be the FrFt appended OFDM
signal and X, ,, () be its orthogonal basis where m,n are called
the subcarriers

Then from[7]
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Where t, is the central frequency
FrFT appended OFDM

FrFT is used to detect and estimate the interference
component

The original OFDM modulated signal was given by
x(t) = Yy_y m, (O)sin2mnt)  (3)

The above signal was passed through FrFT represented by
F** and the signal is passed through AWGN, Rayleigh,
Racian, Nakagami

After passing through FrFT the signal is given by
i r j cotf —iutcsct
{F+a{x(t)}} — %fjﬁz x(t)ejf(uz"'tz) t6 —iutcsco @
2

By keeping the value of x(t) from Eq (3) and Eq(4)

Becomes
1 —icotf
{F*“{x(t)}} = [—X%XA
2n
Where
-T/2 y
A _ f Z mn (t) Sln(Zn’nt) . e/}(u2+t2)cot6 —iutcscl
+T/2 n=1
(5)

This Eq(5) FrFT is transmitted through different wireless
channels

After the channel the signal is passed through after which the
signal X, is passed through Inverse Fractional Fourier
Transform(IFrFT) given by

{F—a{F+a{x(t)}}} = Fof % « 4}

2

(P @)} =x® ©

The original transmitted signal is recovered after passing
through IFrFT when fractional value a=1 the conventional
Fourier transform is obtained

B. Noise channels

Additional White Gaussian Noise (AWGN) channel the
received signal is equal to the transmitted signal with some
portion of white Gaussian white noise added. This channel is
particularly important for discrete models operating on a
restricted number space, because this allows one to optimise
the circuits in terms of their noise performance.

s@®) =A+n)(7)
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Rayleigh fading is caused by multipath reception. The mobile
antenna receives a large number, say N, reflected and
scattered waves. Because of wave cancellation effects, the
instantaneous received power seen by a moving antenna
becomes a random variable, dependent on the location of the
antenna. To simplify the derivation of the fading models an
un-modulated carrier of the form as transmission signal is
used.

D(t)-1

SO =4 ) a®.cos2nflt - (ONE)
i=0

Rician fading channel indicates that there is a prominent or
direct path over which the electromagnetic wave can travel.
Compared to the Rayleigh channel model, Equation 1, the
Rician fading channel model has an additional component to
reflect the prominent path.

D(t)-1

s(t) = A.cos(2rft) + Z a; (t).cos{2mf [t — 7;(£)]}(9)
i=0

Nakagami fading model was initially proposed because it
matched empirical results for short wave ionospheric
propagation. In current wireless communication, the main role
of the Nakagami model can be summarized as follows

e It describes the amplitude of received signal after
maximum ratio diversity combining.

e The sum of multiple independent and identically
distributed (i.i.d.) Rayleigh-fading signals have a
Nakagami distributed signal amplitude. This is
particularly relevant to model interference from multiple
sources.

e The Nakagami distribution matches some empirical data
better than other models

e The Rician and the Nakagami model behave
approximately equivalently near their mean value. This
observation has been used in many recent papers to
advocate the Nakagami model as an approximation for
situations where a Rician model would be more
appropriate.

For Nakagami fading, the instantaneous power has the
gamma pdf

mp;

1 m _
fo, () = m(g) le_le{ "i}(lo)

where G(m) is the gamma function, with G(m + 1) =m! for
integer shape factors m. The mean value isp;. In the special
case thatm=1, Rayleigh fading is recovered, while for
larger m the spread of the signal strength is less, and the pdf
converges to a delta function for increasing m.
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Figure 5 Block Diagram of Proposing Scheme
Table 1: BPSK Modulated FrFT OFDM @ Normalisation factor a = 0.3 and a=1.

INPUT Serial to _ Signal .| Inverse FFT
DATA parallel Mapper
|
Parallel To Parallel to
. > F% » Noise channels [ F~% ™ .
Serial Serial
Output Data | Parallel To |, Signal P FFT
Serial Demapper

For BPSK
S.No | Channels BER(in dB) | Original Proposed system(SNR) Improvement
System(SNR) frft. OFDM in SNR
Qopt SNR
1. AWGN 10%1 5 0.3 20 15
2. RAYLEIGH | 10%* 24.3 0.3 25 0.7
3. RICIAN 10%° 34 0.3 22.3 11.5
4. NAKAGAMI | 103! 18 0.3 30 2
Table 2: M PSK Modulated FrFT OFDM @ Normalisation factor a= 0.3 and a=1.
For MPSK
S.No | Channels BER(in dB) | Original Proposed system(SNR) Improvement
System(SNR) frft. OFDM in SNR
Aopt SNR
1. AWGN 101 11 0.3 30 19
2. RAYLEIGH 10%* 34.5 0.3 35 0.5
3. RICIAN 109 42 0.3 435 15
4, NAKAGAMI | 1031 28 0.3 29 1
Table 3: MQAM Modulated FrFT OFDM @ Normalisation factor a = 0.3 and a=1.
M-QAM
S.No | Channels BER(in dB) | Original Proposed system Improvement
System(SNR) in SNR
Aont SNR
1. AWGN 1021 25 0.3 28 3
2. RAYLEIGH 1024 55 0.3 50 5
3. RICIAN 107 56 0.3 57.5 1.5
4, NAKAGAMI | 1031 43 0.3 45 2
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3. RESULTS
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4. CONCLUSION

Obtaining best results using BPSK Modulated signal using
FRFT OFDM which helps in achieving maximised BER
performance under different noise channels. Here at maximum
SNR the best BER are tabulated. From that we see for
Rayleigh channel 10%* BER at 20dB SNR is achieved for
1024 QPSK and for racian channel 10?9 BER at 25dB SNR is
achieved for 1024 QAM and for Nakagami channel 103! BER
at 30dB SNR is achieved for 1024 QAM and for the AWGN
channel 10%! BER at 22.3dB SNR is achieved for 1024
QPSK modulation.

5. FUTURESCOPE
Encryption based DWT-FrFT will leads to securable
communication process.
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