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Abstract – In this paper, coded wavelet packet OFDM with
companding is proposed. For the proposed OFDM, at the
transmitter PAPR is calculated for different coded tree
structures developed and tree with minimum PAPR is
selected for transmission. The proposed wavelet packet is
advantageous in terms of performance as compared to
without coding and companding. Simulation performed for
Haar and DB WPT structures with BPSK modulation shows
that BER performance is also preserved in addition to
minimum PAPR. Haar WP OFDM performance shows 2dB
improvement for BER of 0.01 compared to DB4 and PAPR
improvement by 4dB.In addition Golay code provides 2db
better performance than Hadamard for both Haar and DB4
WP OFDM.
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I. INTRODUCTION

Orthogonal frequency division multiplexing (OFDM) is
widely used in mobile communication systems as it
provides robustness against the frequency selective
channels and data rate transmission capability. OFDM is a
composite signal, resulting in large peaks, increase the
amount of inter-modulation distortion increases the error
rate. The average signal power therefore has to be kept
low in order to ensure that the transmitter amplifier
operates in the linear region. The Peak-to- Average-
Power-Ratio (PAPR) is an issue that has to be minimised
in transmission. Number of studies discusses methods to
reduce PAPR such as clipping, Selective mapping, PTS
and so on are reported [1]. Further additional benefit is
achieved by employing coding techniques and use of
companding. Use of Hadamard Walsh codes, Golay codes
in wavelet OFDM has been suggested in[1-4]. Use of
companding adds additional benefits to this model.

The paper is organized as follows. Wavelet packet
transform, Hadamard and Golay codes and companding
are discussed in section 2, Simulation model is given in
Section 3. Simulation results are presented in Section 4
and the last section summarizes conclusions.

II. WAVELET PACKET TRANSFORM

Wavelet packet transform (WPT) is now used as
alternate basis to DFT in multicarrier modulation.
Compared to the conventional Fourier transform, wavelet
packets have flexibility as they are localized both in time
and frequency [1][2]. Added to this, the side lobe energy
leakage is almost negligible in Wavelet packet transform
compared to windowed DFT. The computation speed and
complexity of WPT and Inverse Discrete Wavelet Packet
transform (IDWPT) is almost similar as that of DFT.
These advantages, make wavelet packets more attractive

in digital communications. In Wavelet packets, at each
stage the detailed (Highpass) branch is also split and
decimated similar to that of approximation (lowpass)
branch. Splitting of both LP and HP branches and filter
bank realization in time domain is cumbersome and
increase the complexity of WP, involves additional
filtering and sampling rate conversion.[5]

The proposed OFDM does not require any cyclic prefix
like DFT OFDM and hence it is bandwidth efficient.

Fig.1. Wavelet Packet showing the split of detail/high pass
branch and coarse/lowpass branch

A. Hadamard and Golay codes
A scheme for PAPR reduction in OFDM transmission

using Hadamard transform is suggested in [5] . Hadamard
transform is used to reduce the autocorrelation of the input
sequence which, as a uniform symbol energy distributer
over all subcarriers in turn reduces the peak to average
power problem. H is the Hadamard transform matrix of
order N, which is a orthogonal matrix. A Hadamard matrix
is an n x n matrix H with entries ±1 which satisfies H. H
T= n I. For given number of subcarriers, peak value of the
autocorrelation which is the average power of input
sequence depends on input stream. If input sequence is
highly correlated, it causes the cosine functions to be
arranged with in-phase form after IDCT operation and
lead to large peaks. However, applying Hadamard
orthogonal transform prior to IDCT will reduce this peak
and in turn reduce PAPR. Though with this transform,
spreading of each symbol power to different subcarriers
occurs, the overall spectrum remains the same as
conventional OFDM, maintaining spectral
efficiency.[6][7]

The binary form of the Golay code is one of the
mostimportant types of linear binary block codes. It is of
particularsignificance since it is one of only a few
examples of a nontrivial perfect code. A n-error-correcting
code cancorrect a maximum of n errors. A perfect n-error
correctingcode has the property that every word lies within
a distanceof nto exactly one code word.
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B. Companding for OFDM
One of the major issues in OFDM signal transmission is

Peak to Average Power Ratio (PAPR).Due to the variation
of OFDM signal amplitudes, PA will cause inter-
modulation between the different subcarriers and results in
interference into the system and results in increase in BER
due to high PAPR of the system. The solution is to reduce
signal variations by reducing of the transmitted signal with
some methods to alter the OFDM signal peaks. Among the
available PAPR reduction methods, a simple and well
known scheme is the companding technique [8], which
improves PAPR performance preserving the BER
performance. The compandedsignal is given by
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where p is the average amplitude of signal and µ, the

companding parameter. At the receiver side, the inverse
companding is given by
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Where )(nx s and )(nr are the transmitted and

received signals, respectively.

III. PROPOSED CODED WAVELET PACKET

OFDM

Simulation model for the proposed Coded OFDM is
shown in fig.2. At the transmitter, first incoming bit
stream is BPSK modulated. Wavelet packet Full trees
copies are formed using Haar Wavelet / db4 wavelet
packets. One of the tree formed is multiplied by Hadamard
code and other with Golay code, µ-law companding is
then applied. PAPR is computed for these coded tree
structures. Among these structures, one with minimum
PAPR is selected for transmission.

At the receiver, first de companding is done.
Corresponding WP decomposition which is reverse
operation is performed, where subband splitting is done
using Haar/ dB4 wavelet packets. Coding used at
transmitter is identified by decoding received frame with
Hadamard code word or Golay code. BPSK demodulation
is then performed to get back transmitted data.
Algorithm for proposed OFDM

Step1. Map the input bit stream into BPSK symbols (-1
and +1). Take copies of full tree structures multiply the
each tree structure with Hadamard code or Golay code and
apply inverse Haar /db4 wavelet packet

Step2. Compute PAPR for each resulting trees and
select the one with lower PAPR for transmission.

Step 3 After identifying the sent tree , Decode the coded
tree structure with corresponding Hadamard code or Golay
codes used at transmitter.

Step 4. Finally perform BPSK demodulation and detect
the symbols transmitted.

IV. SIMULATION RESULTS

Simulation is performed in MATLAB with Haar and
Daubechies wavelet packets and with Hadamard Walsh,
Golay codes for forming tree. Table I has list of
parameters

Table I
Simulation Parameters

Modulation BPSK
Channel Indoor – Exponential delay profile

with AWGN
Wavelet Types Haar and Daubechies
Coding Golay and Hadamard
Companding µ law with, µ=8

Fig.3. BER plot for Haar and Daubechies Wavelet packet
OFDM

Fig.4. CCDF of Haar and Daubechies Wavelet packet
OFDM

Fig.5. CCDF of Haar Wavelet packet OFDM with Golay
and Hadamard Code
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In fig.3, BER curves shows Haar wavelet packet with 3
level decomposition performs better than Db4 by 2dB to
achieve 0 .01 BER.

Fig.4 shows CCDF performance of Haar and Db4 WP
OFDM. Haar WP OFDM performs better than Db4 with
PAPR reduction by 2dB

Fig.5 and Fig6 shows CCDF comparison for Haar and
Db4 wavelet packet tree with Golay and Hadamard codes
Golay coded WP performs better than Hadamard coded
WP by around 2 dB. In all these simulations µ law
companding with µ =8 is considered.

Fig.6. CCDF of Daubechies Wavelet packet OFDM with
Golay and Hadamard code

Table II: Simulation Results
BER 0.01
Haar 7dB

Daubechies 10db
CCDF 0.01
Haar 5.8dB

Daubechies 9.8dB

V. CONCLUSION

In this paper a coded OFDM based on Golay and
Hadamard codes are compared for Haar and Db4 wavelet
packet based OFDM. The coding techniques improves
BER and PAPR performance in these OFDM. In addition
companding also provides reduction in PAPR. With these
performance improvement, Wavelet packet with coding
can be adopted as an alternate basis in OFDM.
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Fig.2. Simulation model of coded wavelet packet OFDM
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