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ABSTRACT

Due to many special characteristics of OFDM it has been
widely applied in various applications. Besides exponential
transforms some other transforms like DCT and Wavelet can
also be used in OFDM. Since last decade DCT is going to be a
good alternative as it is a real transform hence less complex.
In very recent scenario telecommunication industry has been
attracted towards the wavelets. Wavelet applications are
finding a way in which their performances match the current
system for example in communication system. In this paper
Computer simulation using MATLAB 7.0 has been used to
analyze the performance of FFT, DCT and WPT OFDM in
terms of bit error rate. All the simulations have been done
using AWGN and Rayleigh channel. Along with it mapping
schemes used in these simulations are BPSK, QPSK and Pi/4
DQPSK.
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1. INTRODUCTION

OFDM is one of the multicarrier modulation techniques which
are used in wire line digital communication systems and
wireless network standards. All such type of systems comes
under the category of FFT- OFDM. These types of transforms
use exponential function set as orthogonal basis [1]. In OFDM
general signaling like BPSK, QPSK, QAM and Pi/4 DQPSK
is performed on raw data then further processing is done by
inverse Fast Fourier transform (IFFT) [2]. At the receiver side
Fast Fourier Transform (FFT) is used to get back the original
data. The prime requirement to construct baseband
multicarrier signals is orthogonal basis functions. But,
exponential functions set are not only the orthogonal basis. A
set of co- sinusoidal functions can also be a substitute to
implement these types of schemes. Discrete Cosine Transform
(DCT) is this type of scheme [1].

Bandwidth efficiency is a major factor which motivates to use
DCT in MCM [3]. 1-D signaling format can be applied here
as DCT is real transform besides that it can also be applied in
complex valued (2D) modulation format in OFDM. Energy
compaction property is one of the prime importance’s which
make its suitability for OFDM system due to less ICI
Coefficients [4] [5].

Prediction of the channel impulse response length is difficult
in wireless and besides it if length of channel is so high that
insertion of cyclic prefix makes the system performance loss
severe then overall system degrades badly. This problem can
be overcome if Fourier transform can be replaced by such a
transform that is less susceptible to channel effects [6] [7].
Longer basis function for wavelet transform provides more
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flexibility in design of waveform used and provides high
degree of side lobe suppression [7].

Two properties of wavelets namely, Orthonormality
[8]1[9][10] and perfect reconstruction [11][12][13], makes it a
suitable candidate for OFDM. FFT- OFDM signals only
overlap in frequency domain while WPT- OFDM overlaps in
both time and frequency. Cyclic Prefix (inserted in time
domain) being an essential part of FFT-OFDM to avoid ISl
cannot be included in wavelet based OFDM; overload due to
it can be decreased [14] [15]. Wavelet based OFDM reshapes
the multicarrier transmission concept, by using wavelet
carriers instead of OFDM’s complex exponentials. DFTs have
sines and cosines as its basis function so transients and edges
in time domain cannot be localized while DWPT use irregular
wave shapes of finite length which allows analyzing sharp
variation and local features of signal [16].

Fourier analysis is breaking of signals into sine waves of
various frequencies; wavelet analysis is breaking of signals
into shifted and scaled versions of original wavelet. Unlike
Fourier bases which are static sines and cosines WPMCM
offers flexibility and adaptation that can be tailored to satisfy
an engineering demand [15]. Flexibility is the feature of
wavelets which makes it highly suitable for future generation
of communication systems. This feature together with a
modular implementation complexity makes WPM a potential
candidate for building highly flexible modulation schemes.
The greatest motivation for pursuing WPM systems lies in the
freedom they provide to communication systems designers
[15]. A wavelet based systems having robustness against
synchronization errors can be developed without
compromising on spectral efficiency or receiver complexity
by modifying the design specification [15].

FFT- OFDM of programmable size is not feasible due to fixed
no. of subcarriers defined at design time. While in WPT-
OFDM it can be made configurable without any additional
complexity [17].

This paper is organized as follows: In section Il OFDM
system model is described in brief. This includes FFT-
OFDM, WPT- OFDM, and DCT- OFDM. Section Il
describes mapping schemes used in this paper. In Section IV
performance is analyzed and simulation results are presented.
The last section includes Conclusion remarks. We in this
paper have compared performance of DFT- OFDM, DWPT-
OFDM and DCT- OFDM transceiver in AWGN and Rayleigh
fading channel.

2. OFDM SYSTEM MODEL
2.1 FFT-OFDM

Figure 1 describes simulation block diagram of OFDM
system. Transmitter section includes input bit stream being
converted into Parallel N different sub channels by serial to



parallel converter. These lower data rate signals over sub
channels have bit or symbol period longer which makes it
more robust against multipath time delay effects. The system
can be made by increasing the number of subcarriers over a
wider bandwidth. This means higher frequencies can be used
with fewer multipath effects. This can be more advantageous
in today’s communication where concept of mobility is more
important, transmitter or receiver or both are moving and
undergoing different environment conditions.

These parallel streams of data are mapped on constellation
using any one of the digital mapping schemes either
conventional or non-conventional. Then an N-point IFFT is
applied to transform the frequency domain incoming symbols
into the time domain signal. This transformation maps the
data points onto orthogonal subcarriers. The IFFT outputs are
presented by following equation:
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Xk ( sequence is in discrete time domain and Xq are
complex nos. in discrete frequency domain.
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Fig. 1 Simulation Diagram of OFDM System

A cyclic prefix is added to the signal in the digital domain
after the IFFT operation to avoid inter-block interference
(1BI). Contaminants like noise, multipath etc. added to data
while data is transmitted through channel. In broadband
communication channel may be either wired or wireless. In
wireless systems, changes in physical environment (like both
relative movement between transmitter and receiver and
moving scatters in the surrounding space) cause the channel to
fade. There are various types of fading characteristics like
Rayleigh and Rician fading.

To recover the original information, in the OFDM receiver the
reverse process of transmitter is performed. The cyclic prefix
is removed and an N point FFT operation in performed on the
resulting signal to recover the data in frequency domain. The
output of FFT in frequency domain can be expressed as:

N-1

. . n
Xm@ = Z Xy €xp (—j2mi ﬁ)

n=0

Advantage of this system is its very low computational
complexity and implementation cost. Limitation is wasted
bandwidth and reduced data throughput due to CP insertion.

2.2 WPT-OFDM

Filters used for FFT based OFDM suffers from poor
frequency response due to rectangular window used as pulse
shaping filter. FFT-OFDM transceiver is being replaced by
spectrally efficient wavelet based transceiver. Good frequency
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characteristic and greater flexibility offered by wavelet packet
transform makes it an attractive choice for high data rate
OFDM transceiver in fading channel conditions. Unique time
fequency localization features of wavelets can be useful to
improve SNR performance of communication system. The
coefficients of wavelet packet filter banks are computed with
an algorithm that performs iterations of two channel filter
bank decomposition or reconstruction. Wavelet packets are
defined recursively in [15]. Perfect reconstruction is the main
feature of wavelet which enables it to reconstruct the
decomposed signal into original signal without detritions.

In WPM the no. of iterations determine number of terminals,
in turn, determine no. of subcarriers. During each iteration,
inverse discrete wavelet packet transformation (IDWPT) up
samples two signals and filters one with HPF and other with
LPF. The outputs of these branches are then subsequently
added [16]. The transmitted signal for WPM is given by

N—-1 oo

S= z z a, DB (m — IN)

p=0 [=0

Where ay(l) are complex data symbols of different parallel
streams p, while @;>" denotes synthesis wavelet packet
function for pth subchannel and N is the no. of subcarriers. On
the receiver side discrete wavelet packet transformation
(DWPT) is performed to bring the signals back to their
original domain. In an iteration of DWPT the input signal is
filtered by HPF and LPF; decomposing original signal into
two parts. Each of the decomposed parts is then sampled by
two, satisfying the nyquist rule [15].
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Fig. 2: Simulation Diagram for IDWPT and WPT

Transceiver

2.3 DCT-OFDM

Baseband multicarrier signals are usually constructed using
orthogonal basis functions. Discrete Cosine Transform,
Discrete Sine transform etc. are some of the alternative
methods besides complex exponential functions. In DCT most
of the energy is contained in a small number of components.
Detailed study of DCT- OFDM can be done in [18] and
references therein.

In the OFDM system transmitter section includes IDCT which
can be represented as [18]

Ng—1

2 mn(2i + 1)
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n=
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i=0,1,...,Ns-1

At the receiver side DCT operation is performed that can be
represented as

Ng—1

2 mn(2i + 1)

dn= EﬁnZOXiCOST
i=

In fact, cyclic shift properties similar to DFT were extended to
a wide variety of sinusoidal transforms in References [19, 20].
Cyclic shift properties can be derived for other transforms by
applying some kind of symmetric extension.

The inverse operation is done by N x N DCT matrix at the
receiver which is orthogonal to N/2 x N IDCT matrix
involving the symmetric extension and so recovers the
original transmitted symbol sequence.

Table | shows the comparative analysis on the features and
properties of various transform schemes included in OFDM.

Table I. Comparison of various transform schemes used
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digital cellular telephone system in U.S and Japan. This
mapping scheme is discussed in [21] and the references in
this.

Because of its simplicity BPSK is appropriate for low-cost
passive transmitters, and is used in RFID standards such as
ISO/IEC 14443 which has been adopted for biometric
passports, credit cards such as American Express's Pay, and
many other applications. IEEE 802.15.4 (the wireless standard
used by ZigBee) also relies on PSK. IEEE 802.15.4 allows the
use of two frequency bands: 868-915 MHz using BPSK and
at 2.4 GHz using OQPSK [22].

4. NUMERICAL RESULTS

The performance of FFT based OFDM, DCT- OFDM and
wavelet packet based OFDM has been analyzed with the help
of computer simulations. Software used for computer
simulation is MATLAB 7.0. A communication system has
been designed with BPSK, QPSK, and Pi/4 DQPSK mapping
schemes and 64 (50) orthogonal subcarriers in WPT (FFT).
FFT- OFDM makes use of cyclic prefix of length 1/4™ of FFT
bin size but WPT- OFDM does not use any kind of CP. NO

with OFDM other circuitry has been used for simulation. Parameters
Parameter DFT DCT WPT chosen for FFT- OFDM and WPT- OFDM are given in Table
1.
Subcarrier 210 210 256
Transsfiozrgn Bin 1024 1024 i Table I1. Parameters for Simulation
Transmitted data Parameters Values
length 64000 128000 16384 symbol per carrier x bit per
Symmetric Not Required Not required No: of bits to be processed symbol x number of
extension required g q subcarriers
Cyclic Prefix Required Required Not required SNR 1:30dB
Pulse shaping Required Required In built IFFT/IDCT bin size 1024
Transform Complex Real | Real/complex WPT terminal node 256/256
valued valued valued Symbols per subcarrier
_Complexny N Less Less Complex
implementation DCT/EET 50
Reconfigurable
transceiver No No Yes WPT 64
Ener
compagt)i/on No Yes Yes No. of subcarrier (FFT, 210
Time-frequency Fixed Fixed Dynamic DET)
Resolution Y Bits per symbol 2/4
3. MAPPING SCHEMES Cyclic prefix 0.25 x FFT/IDCT bin size
Conventional or non- conventional like BPSK, QPSK, -
DQPSK, Pi/4 DQPSK and many other can be used as Channel AWGN , Rayleigh channel
modulation technique. The detailed description about this is in - -
[21] and references within. Multipath scenario occurs in short Modulation technique used BPSK.QPSK and /4 DQPSK
distance communication where the carrier frequency offset Doppler Spread 0 Hz, 10 Hz

and doppler spread are the critical factors to be considered.
System complexity is also one of the major factors while
choosing the proper modulation technique.

QPSK is a multilevel modulation technique and is most often
used since it does not suffer from BER degradation while
bandwidth efficiency is increased. Other MPSK schemes
suffer from BER degradation at the cost of bandwidth
efficiency. Compared to BPSK, it is more spectrally efficient
but requires more complex receiver.

Adversary effects of fading channel can be reduced by
applying differential demodulation, this property is useful for
mobile communications. The nm /4 DQPSK is a form of
differentially encoded QPSK. It has been widely used in

4.1 AWGN Channel

In the figure below performance comparison of transform
schemes FFT, DCT and WPT has been shown along with the
various combination of mapping schemes of BPSK, QPSK
and Pi/4 DQPSK. In all the combination of transform and
mapping schemes DCT and WPT based OFDM give far better
performances than FFT based OFDM. Although DCT and
WPT gives same performance yet some features of WPT-
OFDM like no CP inclusion, time and frequency localization
and flexibility for the designer makes it a more suitable
candidate than DCT- OFDM. Along with that for making
subcarriers orthogonal symmetric extension has to be done in
DCT-OFDM so additional circuitry and data overload is
required.
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Fig. 3: BER Performance of Different Transform
Schemes with different Mapping Schemes over AWGN
Channel

4.2 Rayleigh Channel

While not considering any relative movement performance in
terms of BER in multipath scenario has been shown in figure
4.
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Fig. 4: BER Performance of Different Transform Schemes
with different Mapping Schemes over Multipath Channel
with no relative movement

In this case BER performance is better for Pi/4 DCT and Pi/4
WPT in comparison of all other combinations of transform
and mapping scheme.

From Figure 5 it can be observed that Performance degrades
measurably in mobility environment. In comparison of DCT,
WPT and FFT based OFDM systems DCT outperforms the
other two schemes; especially DCT with pi/4 DQPSK gives a
very good performance improvement. In WPT packets are
formed with equal energy distribution. So in multipath
mobility environment its performance can degrade because
energy requirement in mobility scenario may be different at
different positions. That is the reason that WPT-OFDM does
not give any performance improvement with any of the
mapping scheme while applied in mobility conditions. While
observing the performance of all OFDM systems mentioned
above in combination of pi/4 DQPSK it can be observed from
Figure 6 that this combination gives better performance in
comparison of other mapping schemes used in this paper.
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Fig. 5: BER Performance of Different Transform Schemes
with different Mapping Schemes over Multipath Channel
under mobility conditions
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Fig. 6: BER Performance of Different Transform Schemes
with Pi/4 DQPSK Mapping Schemes over AWGN and
Rayleigh Channel

5. CONCLUSION

In Rayleigh channel environment with no Doppler effect the
performance of the system is same as that with AWGN
channel. Basic WPT based OFDM system does not improve
the performance in combination of any of mapping scheme.
Reason behind this is that in this uniform bandwidth
allocation is there, so bandwidth utilization is not proper
which not the case in others is. By increasing the no. of
decomposition levels performance of system degrades. This
system can work with less no. of data subcarriers only. For
higher levels some modification like complex WPT can be
used.
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