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FRAT-OFDM vs. FFT-OFDM Systems in Fading AWGN Channels

Digital wireless communication design for high
speed data for orthogonal frequency division
multiplexing system has been investigated. Fast
Fourier transform and finite Radon transform were
applied for the investigation. Block diagrams
systems with fast Fourier transform and finite
Radon transform has been presented. Simulation
and comparison (normalized and non-normalized)
of fast Fourier transform and finite Radon transform
efficiency in orthogonal frequency division
multiplexing system was carried out through
MATLAB program. The application of finite Radon
transform has been shown to provide the gain in
the parameter signal to noise ratio from 2 dB to 15
dB. References 5, figures 8, tables 2.
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Introduction

In this paper, a block diagram of FRAT based
on OFDM was designed to decrease Signal to
Noise ratio (SNR) and to make comparison
between fading channels.

The Study of Finite Radon Transform in Face
Recognition was studied by Zhang Yuhua and
Wang Xin [1]; proposed implementation of modified
FRAT Based OFDM Transceivers was studied by
Ali A Ali and Laith A. Abdul-Rahaim [2], and
Design and Simulation of a Proposed Radon
Based OFDM Transceiver was studied by Omar
M.M. Faraj [3] to proposed FRAT for the first time
as a new technique in the implementation of
OFDM.

In this paper the 4QAM and 16 QAM
modulations were used in small-scale fading
channels to improve the increasing gain (dB) in the
transmission rate.

1. Small-Scale Fading Channels

Small scale fading occurs due to multipath
components in a channel. It consists of two
independent mechanisms: the time spreading of
the signal, and the time-varying behaviour of the
channel. The time-varying behaviour of the channel
causes Doppler shift. The Doppler shift is a
measure of the spectral broadening of the signal,
caused by the relative motion of the receiver with
respect to the transmitter. The Doppler shift f(d)is
a function of the speed of the receiver. The Doppler
shift in the frequency can be written [4]:

f(d)y=f+2 (1)
C

Where f(d) is the change in the frequency of

the source seen at the receiver (Doppler fre-
quency), fis the frequency of the source, v is the
speed difference between the source and transmit-
ter, and c is the speed of light.

This Doppler shift occurs whether the channel
is described as slow fading or fast fading. Thus, in
a fast fading channel, the coherence time, T,, of
the channel is smaller than the symbol duration of
the transmitted signal (i.e.Tg >> T, ). In a slow fad-
ing channel, the channel impulse response
changes at a rate much slower than the transmitted
baseband signal, s(t), and the symbol period of the
signal is much smaller than the coherence time of
the channel T; << T, [5].
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2. FFT-based OFDM System

The block diagram of a given system for OFDM
is depicted in Fig. 1. First of all, the input serial data
stream is formatted into the word size required for
transmission, e.g. 2 bit/word for QPSK and 4
bit/word for 16-QAM, and then the format will be
shifted into a parallel format. The data is then
transmitted in parallel by assigning each word to
one sub-carrier in the transmission. After that, the
data to be transmitted on each sub-carrier is
mapped into one of M-ary PSK or M -ary QAM
constellation format, as determined (In addition, dif-
ferential-PSK  (DPSK) and differential-QAM
(DQAM) are available). This process will convert
data to corresponding value of M -ary constellation
which is a complex word, i.e. consists of real and
imaginary parts. The training frame (pilot sub-
carriers frame) will be inserted and sent prior to
information frame. This pilot frame will be used to
make channel estimation that is used to
compensate the channel effects on the signal. After
that, the complex words frame and pilots frame will
pass to IFFT to generate an OFDM symbol. Zeros
will be inserted in some bins of the IFFT in order to
make the transmitted spectrum compact and to
reduce the adjacent carrier’s interference.

Fig. 1. Block diagram of OFDM system

3. Modified FRAT-Based OFDM System

The method has been suggested to apply the
Optimum Ordering algorithm to a square matrix of
any dimension, especially powers of two, i.e.
typical sizes of FFT windows. Thus, in a similar
manner to several previous theses, we were able
to propose an OFDM system that uses this
Modified FRAT as a 2D modulator, other than a
mapper. The size of its input window will be 8x8,
and resulting in an 8x12 output matrix, i.e. 96

symbols, thus providing a reduction in the required
symbol number for each OFDM packet, compared
to 128 symbols for conventional OFDM scheme.
This system is illustrated in Fig. 2; it differs from the
FFT-based OFDM system in several points:

The modulator that replaces FFT is two-
dimensional, i.e. modulates a matrix of data rather
than a sequence or a vector.

The method by which the pilot carriers are
arranged with the data symbols is essentially a
merging process, that converts the pilot sequence
into a matrix equal in size to the data matrix, then
constructs a bigger matrix in which the rows pilot
matrix become the odd rows, and of the data matrix
the even ones. The resultant matrix becomes the
input to the FRAT mapper.

The zero padding happens inside the
modulator, in the optimum ordering step, rather
than outside it. This will be discussed thoroughly
below.

If we return to the Optimum Ordering pattern,
given by the equation 2,
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Fig. 2. Block diagram of Modified FRAT-based OFDM

We will notice that the recurring pattern of
zeros is in the same locations for several columns
(in this case, half of the columns), which is due to
two reasons:

The first set of columns contains most of the
elements in the given directions, so that when the
remaining columns sweep the input matrix in other
directions, they will find several used elements in
the way, i.e. they intersect with the previous
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directions. As the proposed algorithm states, so
that the used elements are marked by zero.

As the procedure aims to generate an
independent set of projections, each column in the
output matrix has the same pattern that exists in
the result vector of 1D FFT that is the complex
elements in the upper half are copied as
conjugates in the lower half. This note is also
applied to the columns including patterns of zeros,
as the remaining elements from the sweep are re-
ordered based on the same principle.

This system was applied for two cases:
normalized (the input matrix was divided by its
highest value), and non-normalized. The non-
normalized case showed better performance than
the normalized one. It was found that the power
level of the signal can be increased by at least 10
dB. Fig. 3 illustrates the BER performance of the
Modified FRAT-OFDM system versus that of the
FFT-OFDM, and Fig.4 depicts the frequency
spectrum of a modulated packet in each case.

BER versus SKR
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Fig. 3. BER performance of FRAT-OFDM vs. FFT-
OFDM in a flat-fading AWGN channel
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Fig. 4. Power Spectrum for a FRAT-OFDM modulated
packet in the non-normalized case (a) and in the
normalized case (b).

4. Simulation and Results

The design of FRAT-based OFDM systems
were illustrated and explained in this work. The
work gave the simulation results of the proposed
systems using MATLAB. The results of both
studied systems were taken in three types of
channels, and were examined and compared with
others. The effects of several parameters of
wireless channels on the two systems were
investigated. Table 1 shows the parameters of the
systems that were used in the simulation.

The performance of the FRAT-OFDM system
was illustrated and compared with the FFT-OFDM
for the possible two types of channel as well as for
two types of modulation, in two cases: normalized
and non-normalized. The results obtained for
AWGN channel in turn were divided into two cases
and demonstrated in details in different cases as
presented in table 1.

Table 1. Simulation Parameters

Modulation Type 4-QAM
Number of sub-carriers 64
Size of FRAT input frame | 64 8x8
Number of FFT points 64

Flat fading + AWGN
Frequency-selective
fading + AWGN

Channel Model
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5. Conclusions

Fig. 5 illustrates the performance of FRAT-
OFDM system for 4-QAM modulation in flat-fading
AWGN channel. It can be seen that FRAT-OFDM
is better than FFT-OFDM, and the gain is about 15

dB for a BER level of 2-107%.

Fig. 6 illustrates the performance of normalized
FRAT-OFDM (denoted nFRAT-OFDM) system for
4-QAM modulation in flat-fading AWGN channel. It
can be seen that nFRAT-OFDM is better than FFT-
OFDM, and the gain is about 6 dB for a BER level

Fig. 7 illustrates the performance of FRAT-
OFDM system for 4-QAM modulation in selective-
fading AWGN channel. It can be seen that FRAT-
OFDM is better than FFT-OFDM with 12 dB of
SNR, for a BER level of 1073

Fig. 8 illustrates the performance of nFRAT-
OFDM system for 4-QAM modulation in flat-fading
AWGN channel. It can be seen that nFRAT-OFDM
is better than FFT-OFDM, and the gain is about 2
dB for a BER level of 1073,

Table 2 summarizes all the obtained results,

of 1074 with respect to the SNR gain and the
' corresponding BER levels.
Table 2. The Obtained Results for a Doppler Shift of 50 Hz
Required SNR Gain
Proposed System FFT- Proposed (dB) BER Level
OFDM System
FRAT-OFDM, Flat 36 21 15 2.1074
FRAT-OFDM, Selective 35 25 10 1073
FRAT-OFDM, Normalized, Flat 36 31 5 1074
FRAT-OFDM, Normalized, Selective 39 37 2 1073
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Fig. 5. BER performance of FRAT-OFDM vs. FFT-
OFDM for 4-QAM in a flat-fading AWGN channel
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Fig. 6. BER performance of nFRAT- OFDM vs. FFT-
OFDM for 4-QAM in a flat-fading AWGN channel
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Fig. 7. BER performance of FRAT-OFDM vs. FFT-
OFDM for 4-QAM in a selective-fading AWGN
channel
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Fig. 8. BER performance of nNFRAT-OFDM vs. FFT-
OFDM for 4-QAM in a selective-fading AWGN
channel
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MopiBHAHHA cucTem FRAT-OFDM i FFT-OFDM 3a nokasHUKOM
3aTyxaHHA aguTUBHOro 6inoro NaycoBoro wymy B KaHanax

Y cmammi docnidxeHa po3pobka cucmemu yugposoi 6e30pomoeoi sucokowsudKicHOI nepedayi da-
HUX 3 OpmMO20oHaslbHUM YacmomHum nodiniom. [ns AocnidxKeHHs1 suUKopucmaHi WeudKe nepemaeopeHHs
Q@yp’e ma npukiHyese nepemeopeHHs PadoHa. HadaHi cmpykmypHi cxemu cucmem i3 weudkum repe-
meopeHHsm Dyp’e ma npukiHuyesum rnepemeopeHHsiM PadoHa. 3a doriomozoro nipozpamu MATLAB npo-
sedeHo Mamemamu4He MOOesI08aHHS ma rOPIBHSIHHS (HOpMOB8aHe ma HEeHOpMogsaHe) eghekmugHocmi
3acmocyeaHHsi WeuOKo20 rnepemeopeHHsT Pyp’e ma npukiHyesoao rnepemeopeHHsi PadoHa y cucmemi 3
opmoz2oHanbHUM 4acmomHum riodiriom. [JogedeHo, w0 3acmocyeaHHs MPUKIHYe8020 nepemeopeHHs Pa-
OoHa 3abesreyye guepalw 3a napamempom “gidHowWeHHs1 cugHan-wym” eid 2 dB do 15 dB. bibn. 5, puc. 8,
Tabn. 2.

Knro4voBi cnoBa: opmozoHasnbsHuli Yacmomrut nodin (OFDM), weudke nepemegopeHHs Pyp’e (FFT),
npukiHyese nepemeopeHHsi PadoHa (FRAT), adumusHuli 6inuti 2aycie wym (AWGN), keadpamypHo-
amnnimydna modynsayis (QAM), weudke 3eopomHe nepemeopeHHsi Pyp’e (IFFT), yacmoma nosisu xub-
Hux 6imie (BER), sidHoweHHs “cueHan-wym” (SNR), 3amyxaHHs.

YOK 621.396.946.2

Anb-llypancdu Mywtak Tanu61, Anb-AHccapu Anun I/IxcaHZ, M. Pe3|-|m<031, KaH.TexH.HayK
'KueBCcKkuit HaLMOHaMbHbIN yHUBepcuTeT uMeHun Tapaca LLleB4yeHko,

paguodunsnyeckuin pakynbTeT, kadeapa paguoTEXHUKM U PALMOSNEKTPOHHbBIX CUCTEM,

yn. Bnagumupckas, g. 64/13, r. Kues, Ykpauna, 01601.

E-mail: Mushtaq_talib2005@yahoo.com , e-mail: mir@univ.kiev.ua .

20pecckas HaunoHarnbHa akagemus ceasm M. A.C. lNonosa, dakynbTeT “UHhoKOMMYHUKaALMIA”,

© Al-Shuraifi Mushtaq, Al-Anssari Ali Ihsan, Reznikov Mikhail, 2014



58 ISSN 1811-4512. ElectronComm 2014, Vol. 19, Ne2(79)

yn. KysHeukas, g. 1, r. Ogecca, YkpavHa, 65000.
E-mail: ali_eng87@yahoo.com

CpaBHeHue cuctem FRAT-OFDM u FFT-OFDM no noka3saTtento
3aTyxaHus apaMTMBHOro 6enoro MayccoBa wyma B KaHanax

B cmamebe uccnedogaHa paspabomka cucmembl Uugposol 6ecripo8odHOU 8bICOKOCKOPOCMHOU rie-
pedayu OaHHbIX C OPMO20HasIbHbIM YacmomHbiM pa3deneHuem. [na uccnedosaHuUsi UCMOb308aMUCh
bbicmpoe npeobpasosaHus Dypbe U KoHeyHoe rpeobpasosaHue PadoHa. lNpedcmasneHbl cmpykmyp-
Hble cxeMbl cucmem ¢ beicmpbiM ripeobpa3zosaHuem Pypbe U KOHEYHbIM ripeobpasosaHuem PadoHa. C
nomouwibro rnpoepammbl MATLAB nposedeHo mamemamu4veckoe ModesiupogaHue U cpasHeHue (HopMu-
posaHHOe U HeHOPMUpPOB8aHHOE) achgheKmueHOCMU UCMOIb308aHUs bbicmpozo rpeobpasosaHust Oypbe u
KOHe4YHo20 rpeobpasosaHusi PadoHa e cucmeme ¢ 0pmo20HallbHbIM YacmomHbiM pa3deneHuem. [Toka-
3aHO, YMO rNpuUMeHeHUE KOHEYHO20 ripeobpasosaHusi PadoHa obecriedugaem 6biuzpbiwl 110 napamempy
“omHoweHue cuzHan-wym” om 2 dB do 15 dB. bubn. 5, puc.8, Tabn. 2.

KnioueBble cnoBa: opmozoHasibHoe YyacmomHoe pasdeneHue (OFDM), bbicmpoe npeobpa3ogaHusi
Q®ypbe (FFT), koHe4yHoe rpeobpasosaHue PadoHa (FRAT), addumueHbili b6esnbil 2ayccos wym (AWGN),
keadpamypHo-amnnumyOHass modynsauyus (QAM), beicmpoe obpamHoe ripeobpasosaHue ®ypwe (IFFT),
yacmoma nosierieHust owuboyHbix 6umos (BER), omHoweHue “cuzHan-wym” (SNR), 3amyxaHue.
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