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Abstract: The structure and algorithm of IDFT DFT, the conventional method used in modulation/demodulation process in
OFDM system, one of such type of technique is Discrete Hartley Transform. The requirement of only real arithmetic
computations for the proposed technique makes it more advantageous in terms of simplicity and computational speed than
conventional one. This technique is very closely related to Discrete Fourier Transform. The performance of DHT based OFDM
system and DWT-based OFDM system structure is carried out using raw data as well as with some images as the sources and
after processing at the transmitter end, the signals are then transmitted through channel. Additive White Gaussian Noise (AWGN)
has been considered for channel modeling. For accuracy of this simulation, the measurement of parameters has been repeated
multiple times. in this project, all three structures will be implemented, Simulation has been performed on MATLAB 7.0 to
acquire their BER performances and SNR shows the improvement of performance. The system performance was analyzed for M-

PSK mapping schemes with various values of M, where M is order of modulation technique used.
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I. INTRODUCTION

OFDM is a multicarrier modulation technique that serves
the requirement of today’s wireless communication viz.
high speed data rate with good spectral efficiency. It is
based on the concept of frequency division multiplexing
where each of its sub-carrier are said to be orthogonal to the
other carriers in the given spectrum. At the transmitter end
the modulation is carried out by means of Inverse Fast
Fourier transform (IFFT). The modulated carriers are
summed for transmission and must be separated in the
receiver before demodulation using FFT. For such long
length DFT/IDFT computations, a great number of complex
multiplications are required and each of them basically
involves four real multiplications and two real additions.
Clearly, the complexity of OFDM-based transceiver would
be reduced if the corresponding modulator/demodulator
could be implemented using purely real transforms while
fast algorithms similar to the Fast Fourier transform (FFT)
algorithm can still be applied, In this paper the concept of
using a non-conventional transform-DHT (Discrete Hartley
Transform) and its inverse, which can be used to replace its
pre-existing counterpart-FFT/IFFT, in OFDM over an
AWGN channel is presented.

DHT and its inverse have similar equation so that there
can be same blocks at the transmitter and at the receiver as
shown in Fig.1. Moreover FFT/IFFT coefficients can be
easily derived from DHT/IDHT coefficients. The Discrete
Hartley transform (DHT) and the Discrete Fourier
transform (DFT) are similar but differ from it in two

characteristics of the DFT that are sometimes computation-
ally undesirable, Since the inverse DHT is identical with
the direct transform, and so it is not necessary to keep track
of the +i and i versions as in the DFT. Also, the DHT has
real rather than complex values and thus does not require
provision for complex arithmetic operations and separately
managed storage for real and imaginary parts. DHT has
been established a potential tool for signal processing
applications. It has a real valued and symmetric transform
kernel. In this particular work the simulation time for the
DFT/IDFT and DHT/IDHT for a given set of data have
been obtained. It shows that the computing speed of the
DHT/IDHT is faster than DFT/IDFT. The faster transform,
the FHT algorithm, in essence, is a generalization of the
Cooley-Tukey FFT algorithm, but the FHT requires only
real arithmetic computations as compared to complex
arithmetic operations in any standard FFT. Therefore, the
speed of performing a FHT should be about twice as fast as
the Cooley- Tukey FFT, By exploiting the complex- to-real
property of one of the special cases of this class, it is
proposed in a new one-parameter involuntary DHT that is
also valid for any size N 16. The idea of replacing a twiddle
factor by another scalar in the kernel of the DFT or DHT
can be similarly applied at the algorithm level.

Various algorithms are still available that elaborate more
on the comparisons of these two transforms and optimize
the simulation timings depending upon the size of data
taken. However the work here focuses more on the BER vs.
SNR for the two transforms in both 1D and 2D. In this
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work the terminology DFT/IDFT and FFT/IFFT has been
used interchangeably which should not affect the sense of
trans-form as they have been used here either by means of
implementation of the mathematical equations for the
transform or the in-built functions of the transform. The
results however are just the same in both case, in the last
few decades, researchers have proposed several alternative
transforms to replace IDFT DFT, such as DHT (Discrete
Hartley Transform) IDHT (Inverse Discrete Hartley
Transform) and DWT (Discrete Wavelet Transform) IDWT
(Inverse Discrete Wavelet Transform). Past research has
individually compared one of the many transforms to the
DFT-based structure on one or two of the performance
aspects, such as BER performance, hardware performance,
or hardware complexity. For example, the DHT-based
structure generates similar BER performance and lower
complexity. A DWT-based structure shows better BER
performance under certain conditions, implementing the
hardware to lower the complexity or increase the operating
speed.
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Fig.1. Simulation Block diagram of OFDM system using
an AWGN channel.

TABLE I: Comparison of DFT and DHT

DFT /DFT DHT/AIDHT

Has only real values in the transform)
[Has complex values in the transform equation  |equation

The forward and inverse transforms are non-The forward and inverse transforms are
identical fidentical

Need to keep track of +i and | terms [No such requirement

Computational complexity is higher due to/Computational complexity is lower as
imaginary terms compared to its counterpart

[Distinct hardware required at the transmitter and[Same hardware could be used at both the|
receiver channel link ends

1. SYSTEM MODEL

A. FFT based OFDM

OFDM is a multi carrier system which allows parallel
processing and transmission of data on closely spaced sub-
carriers. These sub-carriers are orthogonal to each other.
The IFFT is used at the transmission end to multiplex the
data and encode it before transmission as shown in Fig.2.
The FFT is used at the receiving end to decode and de-

multiplex the received data. The N-point FFT is given by:
N-1

X (k) = z x(n)e 727k
= )

Where ;s = ﬂ. 1...."': 1

The N-point IFFT for a signal X(K) is given by:
N-1
z(n) =& Y X(k)er*

n=0 2
Where ;s = ﬂ. 1...."': 1.

The DFT for a 2-D data f(m, n) is given by:
N-1M-1

I

n="0 m=l (3)
Where 0<m k<M -1 04 0<nl<M-1
The IDFT for a 2-D data f(k, 1) is given by:
N-1M-1
flm,n) = ?1}_\2 Z ”L[L‘.I!I]f"ljz:_rﬁ?- +3L)
[=0 k=0 (4)

Where D<mk<M-1 and Daml<M-1

An Orthogonal Frequency Division Multiplexing
(OFDM) system is a multicarrier system which utilizes a
parallel processing technique allowing the simultaneous
transmission of data on many closely spaced, orthogonal
subcarriers Inverse Discrete Fourier transform (IDFT) and
Discrete Fourier transform (DFT) in a conventional OFDM
system are used to multiplex the signals together and
decode the signal at the receiver respectively, The system
adds cyclic prefixes (CP) before transmitting the signal.
The purpose of this is to increase the delay spread of the
channel so that it becomes longer than the channel impulse
response. The purpose of this is to minimize intersymbol
interference (1SI). However, the CP has the disadvantage of
reducing the spectral. Here is the diagram of DFT-based
OFDM:

X

Migital
modulation

Digital
demodulation

Remove CP

Fig.2. FFT based OFDM.

B. DHT based OFDM

The IFFT/FFT, OFDM can be implemented using real
valued arithmetic’s by means of DHT/IDHT. The latter
reduces computational complexity since it doesn’t involve
the +i and i terms. It is a real, orthogonal separable
transform. The N-point DHT is given by:

N1
T .
X(k) = 3 x(n)cas| “'_'.:.‘L )
- (5)

Where F-' - ':]_ I..__‘Il- 1
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The IDHT for a sequence X(K) is given by:
N =1
z(n) = % Z X (k)cas( l"T‘:_!k]l
- ®)

Where k=0, I"I- — 1
The DHT for a 2-D data f(T4, T>,) is given by:

M-1N-1
Hvy,mm) = M- IN-! Z Z fir,m)
—_ p—’
« cas( 2mey Ty Jeas(2meaTs) ©)

The IDHT for a 2-D data H(vy; v») is given by:
M-1 N-1

flr,ma)=MN YN Hvs,v)

veg =0 geg =il
+ cas(2mv T )cas(2xiaTa)

@)

Where castl = cost! + sinf!

For the current DFT-based OFDM-based transceivers, the
modulator needs to compute a long-length IDFT, and the
demodulator needs to compute a long length DFT. For such
computations, a great number of complex multiplications
are required. Clearly, the complexity of a DFT -based
OFDM would be reduced if the corresponding modulator
and demodulator could be replaced by discrete Hartley
transforms, The DHT involves only real valued arithmetic
and has an identical inverse. Like the DFT, there have been
a number of fast algorithms and hardware architectures
available for the DHT computation. It is shown that the
proposed DHT-based OFDM achieves the same
transmission performance as the DFT -based OFDM, but
requires less computational complexity

Here is the diagram of DHT-based OFDM as shown in
Fig.3:
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Fig.3. DHT based OFDM.

C. DWT based OFDM

In DFT-based OFDM, a CP is added to eliminate ISI.
But this can decrease bandwidth efficiency greatly. Discrete
Wavelet transforms have been considered as alternative
platforms for replacing IDFT and DFT. By using the
transform, the spectral containment of the channels is better
since it does not use CP which gives DWT-based OFDM an
advantage of bandwidth efficiency.

The N-point IDFT is defined as:

glti= 1, 0sts-.(-L 12sts1), x =§ C o(t-nT) ©)

Here is a diagram of DWT-base OFDM as shown in Fig.4:
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Fig.4. DWT-base OFDM.

1. SIMULATION RESULTS
Fig.5 shows the BER performance of the 1-D FFT/IFFT
and DHT/ IDHT. This result is in agreement with the work.
Both the transforms yield similar performance.
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Fig.5. BER performance of 1D- FFT DHT- OFDM.
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Fig.6. BER performance of 2D- FFT DHT- OFDM.
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BER vs SNR in OFDM using 2D- IDHT/DHT for

BER

SNR(dB)
Fig.7. BER Performance of 2D- DHT OFDM for M-
PSK mapping schemes.

Fig.6 shows the BER performance of the 2-D FFT/ IFFT
and DHT/ IDHT. It can be observed that DHT OFDM gives
much better performance than FFT-OFDM.
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Fig.8. BER performances with 2-D DHT/IDHT
transforms in OFDM.
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Fig.9. (a) Original image RGB, (b) Transmitted image
Binary, (c) Received image using FFT, (d) Received
image using DHT.

Fig.8 presents the comparison of the BER performances
with 2-D DHT/IDHT transforms in OFDM using different
mapping schemes by varying the value of M in the M-PSK
modulation scheme. Fig.9 shows the comparative results of
using FFT/IFFT and DHT/IDHT on images being
transmitted in OFDM over an AWGN channel. This work
is comparable to where the 2-D DHT is used on image to
transform it and is later retrieved back by its inverse. The
work here emphasizes on receiving the image after using it
as an input to an OFDM system in an AWGN channel.

IV. CONCLUSION

From the above result it can be concluded that 1-
dimensional DHT in OFDM has a similar response to FFT
on an AWGN channel. While considering the 2-
dimensional FFT and DHT OFDM in AWGN channel it
can be observed that at a BER of 10 3 DHT requires an
SNR of 21 dB and FFT requires an SNR of 36 dB. An
improvement of 15 dB can be achieved by using DHT in
OFDM. Also by increasing the order of M in DHT OFDM
over an AWGN channel, the BER performance becomes
gradually poorer. The QPSK can be a reasonably better
technique among them. Additionally one more observation
can be drawn by evaluating the time elapsed in
implementing the DHT/IDHT and FFT/ IFFT in the OFDM
system. On an average DHT/ IDHT consumes less time as
compared to FFT/IFFT. Here it has been found that there is
a difference of 0.2-1 seconds between the two transforms
using the function "tic toc" in MATLAB7.0.
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