Rohit Bodhe et al. / International Journal of Engineering Science and Technology (IJEST)

DESIGN OF SSIMULINK MODEL FOR
OFDM AND COMPARISON OF  FFT-
OFDM AND DWT-OFDM.

ROHIT BODHE
Electronics and Telecommunication department, Student, ME (Microwave)
Pune Institute of Computer Technology, University Of Pune
Pune, Maharashtra, India
rohitbodhe@gmail.com

SATISH NARKHEDE
Electronics and Telecommunication department, Professor,
Pune Ingtitute of Computer Technology, University Of Pune
Pune, Maharashtra, India
ssn_pict@yahoo.com

SHIRISH JOSHI
Director, Applied Digital Microsystems Pvt. Ltd.
Mumbai, Maharashtra, India
Shirish_sjoshi @yahoo.com

Abstract:

Growth in technology has led to unprecedented demand for high speed architectures for complex signa
processing applications. In 4G wireless communication systems, bandwidth is a precious commodity, and
service providers are continuously met with the challenge of accommodating more users within a limited
allocated bandwidth. To increase data rate of wireless medium with higher performance, Orthogonal Frequency
Division Multiplexing (OFDM) is used. Recently Discrete wavelet transforms (DWT) is adopted in place of
Fast Fourier transform (FFT) for frequency trandation. Modulation schemes such as 16-QAM, 32-QAM, 64-
QAM and 128-QAM (Quadrature amplitude modulation) have been used in the developed OFDM system for
both DWT and FFT based model. In this paper we propose a DWT-IDWT based OFDM transmitter and
receiver that achieve better performance in terms Bit Error Rate (BER) for AWGN channel. It proves that all
the wavelet performs better over the IFFT-FFT implementation.
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1. Introduction

The communication systems and communication networks of the future will fundamentally improve the way
people communicate. One among the services expected to have major impact in the future include wireless
communication that will permit mobile telephony and data transfer anywhere on the planet . Delivering and
receiving these services to the large and rapidly growing commercial markets has created new technological
challengein signal design, modulation, detection, and signal processing.

For wireless communication systems, limited bandwidth allocations coupled with a potentialy large pool of
users restrict the bandwidth availability to the users. The success of wirelesses communication systems thus
depends heavily on the development of bandwidth efficient data transmission schemes. Wireless multicarrier
modulation (MCM-OFDM) is a technique of transmitting data by dividing the input data stream into parallel
sub streams that are each modulated and multiplexed onto the channel at different carrier frequencies.

Wavelet transform is a tool for studying signals in the joint time-frequency domains. Which is capable of
providing the time and frequency information simultaneously, thus giving a time-frequency representation of
the signal. Wavelets are known to have compact support (localization) both in time and frequency domain, and
possess better orthogonality. Wavelet-based OFDM has gained popularity in the literature recently. Due to very
high spectral containment properties of wavelets, wavelet OFDM can better combat narrowband interference
and is inherently more robust with respect to intercarrier interference (ICI) than traditional FFT redlization.
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Since there is no cyclic prefix present in wavelet implementation the data rates can surpass those of FFT
implementations.

The Wavelet transform is a way of decomposing a signal of interest into a set of basis waveforms, called
wavelets, which thus provide a way to analyze the signa by examining the coefficients (or weights) of
wavelets. This method is used in various applications and is becoming very popular among technologists,
engineers and mathematicians alike. In most of the applications, the power of the transform comes from the fact
that the basis functions of the transform are localized in time (or space) and frequency, and have different
resolutions in these domains. Different resolutions often correspond to the natural behavior of the process one
wants to analyze, hence the power of the transform. These properties make wavelets and wavelet transform
natural choices in fields as diverse as image synthesis, data compression, computer graphics and animation,
human vision, radar, optics, astronomy, acoustics, seismology, nuclear engineering, biomedical engineering,
magnetic resonance imaging, music, fractals, turbulence and pure mathematics.

Recently wavelet transform has aso been proposed as a possible analysis system when designing
sophisticated digital wireless communication systems, with advantages such as transform flexibility, lower
sensitivity to channel distortion and interference and better utilization of spectrum. Wavelets have found
beneficial applicability in various aspects of wireless communication systems design including channel
modeling, transceiver design, data representation, data compression, and source and channel coding,
interference mitigation, signa de-noising and energy efficient networking. Fig.1 gives a graphical
representation of some of the facets of wireless communication where wavelets have been used [1].

A combination of modulation and multiplexing constitutes to Orthogonal Frequency Division Multiplexing
(OFDM). Independent signals that are sub-set of a main signal are multiplexed in OFDM and also the signal
itself is first split into independent channels, modulated by data and then re-multiplexed to create OFDM
carrier. Orthogonality of subcarriers is the main concept in OFDM. The property of orthogonality allows
simultaneous transmission of additional sub-carriersin atight frequency space without interference from each
other. This acts as an excessive advantage in OFDM.

With the help of OFDM, sufficient robustness can be achieved to provide large data rates to radio-channel
impairments. In an OFDM scheme, alarge number of orthogonal, overlapping narrowband sub-channels or sub-
carriers are transmitted in parallel by dividing the available transmission bandwidth. Compact spectra
utilization with utmost efficiency is achieved with the help of minimally separated sub-carriers. Main attraction
of OFDM lies with how the system handles the multipath interference at the receiver end. OFDM is multicarrier
modulation (MCM) technique which provides an efficient means to handle high speed data streams on a
multipath fading environment that causes 1SI. Normally OFDM isimplemented using FFT and IFFT’s.

To decrease the bandwidth waste brought by adding cyclic prefix, wavelet based OFDM is employed. Due
to use of wavelet transform the transmission power is reduced. The spectral containment of the channels is
better since it does not use cyclic prefix. One type of wavelet transform is Discrete Wavelet transforms that
have been considered as an alternative platform for replacing IFFT and FFT. It employs Low Pass Filter (LPF)
and High Pass Filter (HPF) operating as Quadrature Mirror Filters satisfying perfect reconstruction and
orthonormal properties. The purpose of this paper is to perform the smulation study of FFT and DWT OFDM
systems with respect to BER for AWGN channel for various modulation schemes. In DWT OFDM system, zero
padding and vector transposing is done to transmit the modulated signal. The DWT has been introduced as a
highly efficient and flexible method for sub- band decomposition of signals[3].
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Fig 1: The scale of wavelet applications for wireless communication
2. OFDM Systems
2.1FFT based OFDM system

Orthogonal Frequency Division Multiplexing (OFDM) scheme is based on the multicarrier communications
technique. In OFDM the spectra of subcarriers overlap on each other but the frequency spacing between themis
selected such that the subcarriers are mathematically orthogonal to each other. Fig.2 shows a block diagram of a
basic OFDM system. Discrete Fourier Transform (DFT) efficiently implemented by Fast Fourier Transform
(FFT) is used to modulate and demodul ate the data constellations on the orthogonal sub-carriers. This baseband
signal processing agorithm effectively replaces the bank of 1/Q modulators and demodulators that would
otherwise be required [3].

An OFDM trans-receiver is shown in Fig.1 the inverse transform block can either be IDWT/IFFT and
forward transform block can be DWT/FFT. The data generator used generates a bit stream. It is processed using
QPSK or M-ary QAM modulator to map the input data into symbols. These symbols are now sent through IFFT
block to perform IFFT operation to generate N parallel data streams. Its output in discrete time domain is given

by,

1 N-1 .\ (i2mi
xk(n) :Wzizo Xm(l)e(’z IN) o

The transformed output is now appended with cyclic prefix. The cyclic prefix (CP) is added before
transmission, to mitigate ISl effect. It is usualy 25% of the last part of the origina OFDM symbol and this data
is passed through AWGN channel with proper input power set. At the receiver, the reverse operation is done to
obtain the origina data back. The CP is removed and processed in the FFT block and finally passed through
demodulator for data recovery. The output of the FFT in frequency domain is given by,

el s (= j2mi/N) 2
Uiy = Zn:olu km®

To generate a baseband OFDM symbol, a serial digitized data stream is first channel coded and then
modulated using phase shift keying (PSK) or quadrature amplitude modulation (QAM). These data symbols are
converted from serial-to-parallel into N data constellation points before modulating the subcarriers using IFFT,
where N is the number of IFFT points. The time domain OFDM modulated symbol output of the IFFT is
converted back to a seria stream and a guard interval in the form of cyclic prefix is added to each OFDM
symbol. The basic pulse shape for the symbols is rectangular which have large bandwidth due to its sinc shaped
spectrum. Thus windowing is necessary to reduce the out of band energy of the side lobes. Then the symbol
stream is converted to analog form for pass-band processing and transmission.
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The receiver performs the exact opposite of the transmitter. After pass-band processing at the RF front-end,
the baseband processing will be performed. This

Tnput . Add
BPSK Smahti’ IFFT
—> Modulation [ =] P2ralled — ™| Cyclic Prefix
AWGEN
Channel
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<—| Demodulation | Serial 1< <] Cyelic Prefix
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Fig 2: FFT-Based OFDM System

includes guard interval removal and serial-to-parallel conversion before the FFT demodulation. Furthermore,
synchronization and channel estimation are done for interference free subcarrier demodulation using FFT and
also constellation decoding [4].

2.2Motivation for Using Wavelets

» Wavelet transform can create subcarriers of different bandwidth and symbol length.

» The ability of wavelets to arrange the time-frequency tiling in a manner that minimizes the channel
disturbances minimizes the effect of noise and interference on the signal.

» Wavelets give a new dimension, signal diversity which could be exploited in a cellular communication
system, where adjacent cells can be designated different wavelets in order to minimize inter-cell
interference.

» Wavelet-based agorithms have long been used for data compression. By compressing the data, a reduced
volume of datais transmitted so that the communication power needed for transmission is reduced.

» Mitigation of Interference ISl and ICI: 1S] (Inter symbol interference) and ICI (Inter Carrier Interference)
are influenced by shape of the basic pulse. Time dispersion contributes interference due to multipath effect
and freguency dispersion due to non-linear effects of radio channel. In wireless scenario the channel effects
cannot be controlled. But the pulse shape can be carefully designed to have minimum distortion for a given
delay spread. The wavelet transform allows more flexibility in the design of the pulse shape. Many
researchers have proven that the wavelet based multi-carrier schemes are superior in suppressing ICl and
ISl as compared to the traditional Fourier based systems.

2.3DWT Based OFDM System

This section discusses the aternative way to implement OFDM using DWT. In Wavelet based OFDM (DWT-
OFDM), the time-windowed complex exponentials are replaced by wavelet “carriers’, at different scales (j) and
positions on the time axis (k). These functions are generated by the translation and dilation of a unique function,
called "wavelets mother" and denoted by v (1):

W, (1) = 2w (21— k) @

The orthogonality of these carriers relies on time location (k) and scale index (j). Wavelet carriers exhibit
better time-frequency localization than complex exponentials while DWT-OFDM implementation complexity is
comparable to that of FFT- OFDM. The key point ‘orthogonality’ is achieved by generating members of a
wavelet family, according to Eq. (4)
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L,j=mé&k=n
0, otherwise

(¥, (0, ¥, (1) = {
(4)

These functions have orthonormal basis of L*(R), if infinite number of scales j € Z are considered. To

obtain finite number of scales, scaling function @ (t) is used. DWT-OFDM symbol now can be considered as

weighted sum of wavelet and scale carriers, as expressed in Eq. (5). This is close to the Inverse Wavelet
Transform (IDWT).

S(t) = z Z Wj,k (t)'l//j,k (t) +z a.],k(I) J .k (t) (5)

j<d Kk

Fig.3 indicates the basic block diagram DWT-OFDM where we do not have to add cyclic prefix at the
transmitter section because of wavelet properties. The data symbols are seen by IDWT modulator as sequence

of wavelet W, and approximation coefficientsaj‘k. According to Eq. (3) J is the scale with poorest time
resolution and best frequency localization of the carriers. For computing IDWT, Mallet's algorithm based on

filter bank is used instead of Eqg. (5). At the output of the filter discrete version of DWT-OFDM symbol is
obtained, with impulse response of filters (low-pass and high-pass) decided by the wavelet mother.
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Fig 3: DWT based OFDM System

In wavelet-based OFDM, the IFFT and FFT blocks are simply replaced by an inverse discrete wavelet
transform (IDWT) and discrete wavelet transform (DWT), respectively. In Fourier- based OFDM, there are M
independent QAM sub channels viaa K = 2M point IFFT operation (when the conjugate symmetry condition is
imposed). To keep the same data rate in wavelet systems, K independent sub channels are multiplexed together
viaaK point IDWT.

Harr and biorthogonal wavelets are used for the implementation. Thus the filters are of finite impulse
response. Due to higher spectral containment between sub channels, wavelet-based OFDM is better able to
overcome the effects of narrowband interference and is inherently more robust with respect to ICl than
traditional Fourier filters. Wavelet OFDM is implemented via overlapped waveforms to preserve data rate. Thus
the use of cyclic prefix does not make sense in this context.

In the trans-receiver model shown in Fig. 3, at the transmitter, the input wave maps on the data to modulator
(16-QAM), thereby converting data into symbols. Each symbol isfirst converted to serial representation having
a vector which will next be transposed. Then, the signal is up-sampled (zero padding) and filtered by the LPF
coefficients or approximated coefficients. Since our aim isto have low frequency signals, the modulated signals
perform circular convolution with LPF filter whereas the HPF filter also perform the convolution with zeroes
padding signals. Note that the HPF filter contains detailed coefficients or wavelet coefficients. This data is
given as an input to IDWT block wherein a particular wavelet (Haar) is chosen for simulation and is found to
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have a better performance when compared to FFT OFDM. At the receiver, DWT and demodulator (16-QAM)
are used to recover back the data[3].
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Fig 3: DWT Transmitter
Serial to Vector Approximated
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Serial to Vector Detailed
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Fig 4: DWT-Receiver

3. Simulation Setup

In this paper, a baseband OFDM scheme, as shown in Fig.5 and Fig.6 are implemented in MATLAB-Simulink
environment. Both the FFT-based and Wavelet-based MCM schemes are implemented and their comparative
performance study is carried out under AWGN channel scenario. The measure of performance used is bit error
rate versus signal-to-noise ratio (BER vs. SNR). The implemented program simulates a 64 subcarrier OFDM
system. Constellation mapping or message modulation is performed using quadrature amplitude modulation
(16-QAM) and 64-QAM for FFT and DWT. The Additive White Gaussian Noise (AWGN) channel model is
used for this study.
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Fig 5: Simulink Diagram of FFT-OFDM System.
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Fig 6: Simulink Diagram of DWT-OFDM System.

4. Simulation Parameters and Results

The simulation parameters used are:
Number of subcarriers: 64 (for FFT and DWT)
Modulation Scheme: 16 QAM and 64 QAM
Channel: AWGN
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Fig 7: BER Performance for 16-QAM FFT/DWT OFDM System

The number of subcarriers used in OFDM system is 64. The system simulated does not use any channel
estimation technique and error estimation or correction capabilities. All of the simulations assume that, channel-
state information will not change in one OFDM symbol. To ensure the reliability of the computer simulations,
OFDM symbols are generated to obtain each BER value in the simulations.

Simulink model indicated in Fig.5 and Fig.6 is used; QAM modulation is used with a suitable M-ary order.
Simulation is carried out for Signal to noise ratio in the range 0 to 20dB and for 16-QAM as a modulation
technique.

As a first experiment we have simulated of FFT-OFDM and DWT-OFDM system with 16-QAM
modulation. Fig.7 shows the results of the simulation. From the graph it is observed that the performance of
DWT-OFDM is superior to FFT-OFDM. In case of FFT-OFDM a BER of 0.0020 is achievable at 12 dB SNR,
whereas DWT-OFDM gives BER of 0.0017 at 9 dB SNR. Table.1 gives the numerical results of the simulation
for 16-QAM FFT and DWT based OFDM. Table.1 gives the numerical results of the simulation of 16-QAM
FFT and DWT-OFDM system.

The second experiment is performed to demonstrate the performance of DWT-OFDM for two mother
wavelets namely Haar and Biorthogonal which are recommended for DWT-OFDM. Fig. 8 shows the simulation
results in terms of BER. From the graph we observe that biorthogonal 1.1 performs better than Haar wavelet.
For simple system Haar mother wavelet is recommended which has less complexity in implementation.

Table 1: BER Performance for 16-QAM FFT/DWT OFDM System

SNR(dB) BER of FFT-OFDM BER of DWT-OFDM
0 0.4968 0.1195
6 0.4300 0.0172
9 0.1544 0.0017
12 0.0020 0
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Fig 8: BER performance of DWT-OFDM system using Haar and biorthogona wavelets.

Further investigation is carried out to illustrate the effect of increase in constallations. Here we have
simulated 16 QAM and 64 QAM modulation based DWT-OFDM system using bior 1.1 mother wavelet. Fig.9
show the comparison of 16-QAM and 64-QAM based DWT-OFDM. The BER performance of 16-QAM is
better than 64-QAM but the differenceis marginal.
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Fig 9: BER performance of DWT-OFDM system using 16-QAM and 64-QAM for biorthogonal wavelet.

5. Conclusion

This paper presents the Simulink simulation approaches for DWT-OFDM as alternative substitutions for FFT-
OFDM. From the analysis and Simulink design simulation we found that the designed simulation model is
trustworthy. For DWT-OFDM haar and bior1.1 mother wavelets will be the best choice for implementation.

The next objective of this work is to design and implement a base band OFDM transmitter and
receiver on FPGA hardware. This project concentrates on developing discrete wavelet transform (DWT) and
Inverse Discrete wavelet transform (IDWT). The work also includes in designing a mapping module, serial to
parallel and parallel to serial converter module. For FPGA implementation first complete Simulink model of
FFT-OFDM and DWT-OFDM have to be tested. Based on these results for FPGA implementation Haar wavel et
is recomended. By using HDL code generation or by using appropriate Xilinx block sets we have to implement
this complete model into Spartan-3 environment.
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