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Abstract— Orthogonal Frequency Division Multiplexing (OFDM) system is a multicarrier system used

to transfer data at high rate. One of the drawbacks of OFDM is the high value of Peak to Average Power

Ratio (PAPR). High PAPR values will mitigate the ef􀅫icacy of the power ampli􀅫ier. This paper discusses the

Wavelet-OFDM with Partial Transmit Sequence. The use of wavelet transformation on the OFDM system

provides several advantages compared to Fourier transform. These advantages include high ef􀅫iciency due

to the loss of guard interval (GI). The proposed Wavelet-PTS system reduces the PAPR signi􀅫icantly, which

can achieve a reduction of 8 dB PAPR compared with the conventional OFDM system.

© 2017 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Wireless communication is expected to provide high

speed data services in available bandwidth with good per-

formance. OFDM is also prominent method for high-speed

communications. OFDM is a transmission technique that

uses multiple orthogonal pieces of frequency (multicar-

rier). One of the disadvantages of OFDM systems is the high

Peak-to Average Power Ratio (PAPR). High PAPR causes in-

ef􀅫iciency of the power ampli􀅫ier. Therefore, PAPR should

be reduced. Some PAPR reduction methods have been pro-

posed, such as clipping and 􀅫iltering, SLM, etc. Generally,

the reductionmethods can be divided into three categories:

distortion method, such as clipping and 􀅫iltering; distortion

less or probabilistic method, such as Partial Transmit Se-

quence (PTS) and Selective Mapping; and coding method

such as Golay complementary sequences [1]. The sim-

plest PAPR reduction technique and easiest to implement

in OFDM systems is Clipping and Filtering [2], but the tech-

nique decreases the bit error rate (BER). In [3], the PTS and

SLM techniques in OFDM systems were compared. PTS and

SLM techniques reduce the PAPR by reducing the probabil-

ity of appearance of highPAPRvalue. The simulation results

in [3] showed that the PTS technique achieved better PAPR

mitigation when comparing with the SLMmethod in OFDM

system. All the PAPR reduction methods described in [1]

deal with Discrete Fourier Transform (DFT)-based OFDM.

Another variant of OFDM, called discrete wavelet transform

(DWT)-based OFDM, was studied in [4-6]. Wavelet based

OFDM is a best substitute to Fast Fourier Transform-based

Orthogonal Frequency Division Multiplexing (FFT-OFDM).

W-OFDM has several advantages such as more resistant to

Inter-symbol Interference (ISI) and Inter-Carrier Interfer-

ence (ICI) as well as high ef􀅫iciency due to the loss of Guard

Interval (GI) [4] and [9]. In OWDM, GI can be eliminated be-

cause of the nature of its inter-sub-band mutually orthogo-

nal. Moreover, the use of DWT in place of DFT can also re-

duce PAPR. In W-OFDM, wavelets preferred over sinusoids

to utilize to sustain sub-carrier. In this paper we propose a

PAPRmitigation technique formonWavelet transformation

and Partial Transmit Sequence scheme (WAV-PTS).
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II. WAVELET TRANSFORMATION

A. Wavelet-Based OFDM

Fig. 1 shows a picture of the most basic discrete

wavelet transformation process and only performing 1

(one) time signal decomposition.

Discrete wavelet transformation of an input x signal

can be calculated by passing the input signal into a row 􀅫il-

ter. In other words, the results of discrete transformation of

an input x signal are obtained from a process of decomposi-

tion. The decomposition process signal here is the process

of convolution of the input x signal with a low pass 􀅫ilter

which has the impulse g response and by the presence of

convolution process of the input x signal with a high pass

􀅫ilter which has impulse h response. The process of de-

composition of the input x signal with a low pass 􀅫ilter will

produce approximation coef􀅫icient while the process of de-

composition of the input x signal with a high pass 􀅫ilter will

produce detail coef􀅫icients. So that the discrete wavelet

transformation process to the input x signal, will produce

2 (two) outputs, that are Approximation coef􀅫icients and

Detail coef􀅫icients.

Fig. 1 . Block diagram of Wavelet decomposition

where

x[n] : The original signal

g[n] : Low-Pass Filter (LPF)

h[n] : High-Pass Filter (HPF)

Fig. 2 .W-OFDM Transmitter [7]

Fig. 2 shows the transmitter con􀅫igurations. On the

transmitter side, 􀅫irst a quadrature amplitude modulation

is used for mapping s(k) data stream to the symbol stream

x(n). After the mapping process a parallel-to-parallel (P/P)

converter reshapes the modulated data stream x(n) into;,

for example, N = 8 parallel data streams. This P/P con-

verter makes sure that N = 2n where n is an integer, so

that the transmitter can perform Inverse Discrete Wavelet

Transformation (IDWT) and produce one 􀅫inal sequence in

“n” stages.

Sequential two x(n) symbol streams are up-sampled

by the up-sampling factor 2, 􀅫iltered by the wavelet 􀅫ilter

g(n) or h(n), respectively, and then summed. Output se-

quences are up-sampled by 2, 􀅫iltered and summed again.

The up-sampling and 􀅫iltering processes continue until one

single output stream is obtained.

B. Wavelet Families

In general, there are two categories of wavelet fami-

lies: orthogonal and biorthogonal, where the orthogonality

of the wavelet family is related to the 􀅫ilter coef􀅫icients. Or-

thogonal wavelet family includes wavelet Daubechies (Db),

wavelet Symlet (sym), andwavelet Coi􀅫let (coif). Biorthogo-

nal wavelet family includes BiorSplines (bior) and Reverse-

Bior (rbio). Orthogonal wavelets are parameterized by 􀅫il-

ter order (N) that determines 􀅫ilter length (L). Biorthogonal

wavelets use 􀅫ilters with similar or dissimilar orders for

decomposition (Nd) and reconstruction (Nr). Although the

􀅫ilter length is determined by the 􀅫ilter order N, the relation-

ship between them is different in different wavelet families.

III. CONVENTIONAL PARTIAL TRANSMIT SEQUENCE

PTS is one of the widespread techniques used to

reduce PAPR in OFDM system which is implemented in

this paper. The basic philosophy of this method is to sub-

dividing OFDM symbol data into sub-data which are trans-

mitted and by sub-blocks andmultiplied byweighing value.

The block diagram for PTS technique implementa-

tion is shown in Figure 2. The data sequence X in fre-

quency domain is sub-divided into v sub-sequences which

are transmitted in sub-blockswithout overlapping and hav-

ing equal size of N which contains N⁄V non-zero values in

each sub-block.

With the assumption that the sub-blocks have equal

size without having any gap between them. Thus the sub-

block vector in frequency domain can bewritten as follows:
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Fig. 3 . Block diagram of conventional partial transmit sequence

[8]

X =
∑v

v=1 bvXv

Where b(v) = ejϕv(ϕvε[0, 2π])v = 1, 2, 3,⋯, Xv is

the weighing factor which is used for phase rotation. The

time domain for the above sub-block vector can be yielded

by applying IFFT function, that is

x = IFFT (X) =
∑v

v=1 bvXv

Based on the equations above the peak value opti-

mization is performed by selecting the parameter bv, so

that the value of PAPR can be minimized.

IV. PROPOSEDWAVELET–PTS SCHEME

In this method, Inverse Fourier Transform was re-

placed by Inverse Discrete Wavelet Transform. First, the

data were divided into sub-blocks, and then the informa-

tion signal in the formofbitswill be converted into aparallel

through several channels and sub-channels. This signalwas

thenmapped by using QPSKmodulator into a complex sym-

bol. The output of the QPSK modulator would be an input

to the IDWT block to be processed based on wavelet trans-

form. Theprocess in IDWTblock itself is a substitute of IFFT

process for conventional OFDM systems.

W-OFDM signal (Wavelet-Orthogonal Frequency Di-

vision Multiplexing) comes out after passing through the

IDWT block leading to the Partial Transmit Sequence (PTS)

block, which aims to further reduce the PAPR, where the

output of IDWT multiplied by a weighting factor to achieve

the lowest PAPR. The block image of WAV-PTS structure is

presented in Figure 5. The aim is optimal combination of

sub-blocks in order to get to get time domain OFDM signals.

Fig. 4 . Block image Wavelet-PTS structure

V. SIMULATED FINDINGS OF EXPERIMEN

A. Determination of Wavelet Type Used

First simulation using Wavelet Transformation with

different types of wavelet families to get the most optimal

wavelet in reducing PAPR for use in a combinationWavelet-

PTS system. The wavelet families used in this paper are

summarized in Table.1.

TABLE 1

WAVELET FAMILIES USED

Wavelet Families Wavelet Orders

Daubechies (db) db7, db8, db9, db10,

db11, db12, db13

Symlet (sym) sym7, sym8, sym9, s-

ym10, sym11, sym12, sym13

Coi􀅫let (coif) coif2, coif3, coif4, coif5

BiorSplines (bior)- rbio2.6, rbio3.5, rbio3.9,

ReverseBior (rbio) , rbio5.5, rbio6.8, bior5.5, bior6.8

To analyze PAPR distribution, a statistical parameter

called Complementary Cumulative Distribution Function

(CCDF) is usually used. CCDF gives a probability that PAPR

exceeds a certain value. The CCDF results for the W-OFDM

systems using wavelet families compared with the DFT-

OFDM are shown in Fig. 6 - Fig. 9 .
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Fig. 5 . PAPR comparative analysis of various Daubechies family

presented through CCDF vs PAPR curve

Fig. 6 . PAPR comparative analysis of various Symlet families

presented through CCDF vs PAPR curve

Fig. 7 . PAPR comparative analysis of various Coi􀅫let families

presented through CCDF vs PAPR curve

We can observe from Fig. 6 that W-OFDM us-

ing db7 has the lowest PAPR. The difference is about 6.8

dB compared with the conventional OFDM at probability of

10-3. In Fig. 7 the lowest PAPR distribution in W-OFDM

is achieved by using sym7, which is about 7.7 dB lower

than conventional OFDM. In Fig. 8 we can observe that W-

OFDM using coif2 has the lowest PAPR compared with con-

ventional OFDM which is about 8.4 dB. Fig. 9 shows the

CCDF for biorthogonalwavelet families comparedwith con-

ventional OFDM. The PAPR distributions of W-OFDM using

biorthogonal wavelet functions have only little difference.

However, we can observe that W-OFDM using rbio3.5 has

the lowest PAPR which is about 7.5 dB.

Fig. 8 . PAPR comparative analysis of various Biorthogonal

families presented through CCDF vs PAPR curve

Output OWDM system provided several advan-

tages compared with OFDM. W-OFDM system generated

PAPR valuewhichwasmuch smaller than OFDM. The use of

different wavelet families will give different output PAPR.

In orthogonal wavelet, wavelet with a small order is more

advisable to be implemented, because with the small or-

der, performance PAPR that being resulting from will also

decrease. While on biorthogonal wavelet, the increase in

PAPR reduction does not depend on the increase in the or-

der of N. It may be caused by a combination of the selection

order Nr and Nd conducted for the most excellent PAPR re-

duction.

The results comparison showed that the wavelet

Coi􀅫let_2 (coif2) is a type of best wavelet to reduce PAPR

in OFDM systemwith a reduction value up to 8.4 dB. There-

fore, wavelet Coi􀅫let_2 (coif2) is used for the analysis of

OFDM system that uses a combination of wavelet transform

and Partial Transmit Sequence techniques in the next sec-

tion.

B. Wavelet–PTS Simulation

In present study, the proposed new OFDM multi-

carrier scheme is based on a combination ofWavelet Trans-

form and PTS. The comparative analysis of PAPR is between
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the suggestedWavelet-PTS, conventional PTS,W-OFDMand

the signal of original OFDM originally generated. The 􀅫ind-

ings are presented in 􀅫igure 9.

Fig. 9 . CCDF vs PAPR curve represents comparative analysis

Wavelet-PTS, conventional PTS, W-OFDM and the original

signal

The Wavelet-PTS shows the excellent PAPR mitigation

of 0.95 dB with comparison to conventional PTS 4 dB at

probability of 10−1, W-OFDM3dB and original OFDMsignal

9 dB. It has been noted that suggested schemeWavelet-PTS

mitigates thePAPRup to8dBas compared tooriginalOFDM

signal.

VI. CONCLUSION

The use of techniques of PTS can increase system

performance Wavelet-OFDM (W-OFDM) in reducing PAPR.

The proposed scheme shows better performance than the

Wavelet scheme and conventional PTS in terms of PAPR

reduction. Wavelet-PTS that was proposed achieved PAPR

reduction in amount of 8dBbetter thanConventionalOFDM

scheme.

So, the use a combination of schemes Wavelet and

Partial Transmit Sequence scheme that was proposed can

signi􀅫icantly reduce PAPR reduction when compared with

Wavelet-OFDM scheme or Conventional PTS. The combina-

tion of wavelet transforms and PTS techniques can reduce

optimally PAPR in OFDM systems.
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