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Abstract 
 

Orthogonal Frequency Division Multiplexing (OFDM) is the effective modulation technique for transmitting large 
amount of digital data over radio waves. Peak to Average Power Ratio (PAPR) is the main problem of OFDM. The 
objective of this paper is to reduce PAPR in Wavelet Packet Tree (WPT) based OFDM using Cost Function Algorithm. 
The output of proposed system is measured with two parameters- Complementary Cumulative Distribution Function 
(CCDF) for PAPR and Bit Error Rate (BER). The proposed system achieves PAPR improvement over Mallat technique 
using different Wavelet Packets. 
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1. Introduction
 
OFDM is considered as speedily growing candidate of future 
generation wireless communication system. It is an effective 
technique for high data rate and transmission capacity. Due 
to this benefit, OFDM is used as main technology behind 
different applications such as Asymmetric Digital Subscriber 
Line (ADSL), HIPERLAN/2, Digital Audio 
Broadcasting/Digital Video Broadcasting (DAB/DVB). A 
major drawback of OFDM at the transmitter is high Peak-to-
Average Power Ratio (PAPR). This results from the 
superposition of numerous statistically autonomous sub-
channels which can beneficially sum up to high peaks. The 
peak of the signal increaseswith the number of sub-carriers. 
Moreover, high values of PAPR increases the complexity of 
analog-to-digital (A/D) and digital-to-analog (D/A) 
converters and reduces the efficiency of amplifier. 
 Various techniques in [1-9], have already been proposed 
in literature to reduce PAPR of original OFDM system such 
as Partial Transmit Sequence (PTS) [2], Selective Mapping 
(SLM) [3], Clipping [4], Coding [5], Hadamard Transform 
[6], Tone Reservation and Tone Injection [7], Interleaving 
[8], and Nonlinear Companding Transform[9] etc. All these 
systems use Fast Fourier Transform (FFT) as signal 
transformation with different modulation techniques. 
Wavelet Packet Modulation (WPM) uses wavelets which 
offer flexibility that can be created to fulfil an engineering 
dmand. 
 WPM was first proposed by Lindsey [10] as an 
alternative to OFDM. As WPM has analogous drawbacks of 
OFDM due to multicarrier modulation (MCM), large 
numbers of techniques have been proposed to decrease the 
PAPRin WPM. A Threshold Control method is presented to 
decrease the PAPR [11]. Different Modulations with 

clipping are also compared to decrease the PAPR in OFDM 
System [12-13]. The PAPR is improved at the cost of BER 
degradation. A Wavelet Packet Tree Pruning technique with 
different nodes and number of pass processing is proposed 
for the reduction of PAPR in WOFDM systems [14]. Better 
Wavelet Packet Tree Search is presented in [15]. Selection 
of the optimal wavelet tree based on Hungarian Algorithm 
has been discussed in [16]. Analysis of PAPR using FFT and 
Wavelet based OFDM is discussed in [17]. Wavelet Packet 
Modulation for mobile Communication is discussed in [18]. 
Bit Error Rate performance of Discrete Wavelet Transform 
using time dispersive channel is discussed in [19]. The 
wavelet based OFDM consisting clipping and companding is 
reported in [20]. The PAPR reduction using genetic 
algorithm in lifting based wavelet packet modulation is 
described in [21]. A new Cost Function based Search 
Algorithm to design a new Wavelet Packet Tree is presented 
in this paper for reduction in PAPR with better BER 
performance and is also compared to conventional 
Mallattree structure.  
 
 
2. OFDM System and its PAPR 
 
The block diagram of transmitter and receiver is shown in 
Fig 1. The transmitter performs Inverse Discrete Wavelet 
Packet Transform (IDWPT) using Wavelet Packet basis 
which is generated by the filter bank. The modulated signal 
𝑦 𝑘 can be given as 

 
𝑦 𝑘 = 𝑥!"𝜑! 𝑘 − 𝑝𝑀!!!

!!             (1) 
                               

where 𝑥(!") shows the constellation encode 𝑝th data symbol 
modulating the 𝑞 th waveform. M shows the different 
channels in the system and 𝜑![k] is a Wavelet Packet Basis 
function [14]. The orthogonal property of the subcarriers is 
given by 

	
JOURNAL	OF	
Engineering	 Science	 and	
Technology	Review	
	

	www.jestr.org	
	

Jestr 

______________ 
*E-mail address: rajni_c123@yahoo.co.in	

ISSN: 1791-2377 © 2017 Eastern Macedonia and Thrace Institute of Technology. All rights reserved.  
doi:10.25103/jestr.106.03 

 



C. Rajni and Gaurav Sikri/Journal of Engineering Science and Technology Review 10 (6) (2017) 16-20 

	 17 

 
< 𝜑!! 𝑘 ,𝜑!! 𝑘 >= 𝛿 𝑞! − 𝑞!                  (2) 
 
 Where <∙> is the inner product operator and 𝛿[∙] is the 
Dirac-Delta function. 
 At the receiver side, the received signal is demodulated 
by Discrete Wavelet Packet Transform. The demodulated 
data are decoded using Constellation Mapping and Parallel 
to Serial conversion. Due to Gaussian channel 
characteristics, the received symbol c[k] is 
 
𝑐 𝑘 = 𝑦 𝑘 + 𝑔 𝑘  for the kth subcarrier,        (3) 
 
 Here 𝑔 𝑘  is the noise function. 

 
Fig. 1. Wavelet Packet based OFDM System 
 
 
 As result, the estimates of 𝑥!" are obtained which can be 
expressed as 
 
𝑥!" = 𝑐 𝑘 ∗𝜑! 𝑘 − 𝑝𝑀 ↓!!!!

!!         (4) 
 
Where 𝜑![𝑘]is the dual of 𝜑![𝑘] and their relation can be 
given as  
 
𝜑!![𝑘],  𝜑!![𝑘] = 𝛿 𝑞! − 𝑞!                    (5) 

 
 PAPR of the signal in the transmitter side is given as 
 

PAPR dB = 10 log!"
!"#( !! !

!
)  

! !! ! !          (6)  

 
 Where 𝑥!(𝑛)  are the signal types which have been 
modulated.𝐸{. }is the expectation operator. To modify PAPR 
calculation, an approximate PAPR expression can be defined 
as 

PAPR dB = 10 log!"
!"# !! ! !

!!!

!!!

!
! !! ! !!!!

!!!
    (7) 

 
The Complementary Cumulative Distribution Function 

(CCDF) of PAPR is performance measureof system. It gives 
the probability of PAPR being higher than threshold and is 
given as  

 
P PAPR dB > 𝑃𝐴𝑃R!"# dB                    (8) 

 
Where PAPR!!! is the PAPR threshold in dB. 

 
 To form the different wavelet packet tree structures, the 
wavelet modulator filters are now given as  
 The cost function used in the algorithm is defined as 
 
𝑇!"#$ = min !

!!
𝑃𝐴𝑃𝑅!!

!!!                          (9) 
 
 Where j is the order of wavelet packet decomposition, M 
is the number of subchannels at each node of different levels 
(L). 
 
 
3. Cost Function based Search algorithm 
 
 The improved search algorithm is given as follows: 
 

1.Start with root node and find the best basis by initiation 
on each level. 

2.Decompose the signals with two perfect reconstruction 
orthogonal filters given by j. 

3.Each set of nodes is used to create the random wavelet 
modulator filter, until each wavelet modulator filter has a 
different tree structure. 

 
 The wavelet modulator filters corresponding to different 
wavelet packet tree structure are defined as  
 
 𝑉!! 𝑛 = 𝑣!! 𝑛 ↑!!

!!
!!!                       (10) 

 
𝑣!! = ℎ 𝑛 𝑤!! ≥ 0.5
𝑣!! = 𝑔 𝑛 𝑤!! < 0.5

                              (11) 

 
where𝑉!! 𝑛  is the 𝑖th filter of the 𝑠th wavelet tree structure. 
The 𝑖th filter of the 𝐿th layer of 𝑠th wavelet tree structure is 
𝑣!! and 𝑤!! is the random number within [0,1]. It is either 
low pass filter 𝑔(𝑛) or high pass filterℎ(𝑛). If the system 
meets requirement of !

!!
! = 1, then continue, else go to step 

(2). 

 
Fig. 2. Mallat Tree Structure 
 
4.  Find the minimum cost value with the next level of child 
nodes. If  
 
𝑇!"#$ 𝑛𝑜𝑑𝑒 < 𝑇 𝑐𝑜𝑠𝑡!!!"# !"#$%           (12) 
 
then merge and set Tcost[node] and find other node with next 
cost function else split Tcost[node] and algorithm is repeated 
with Tchild[node]. 
 
5. Increase the count number by 1, if the number of 
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subchannels is smaller than required then go to (4) otherwise 
save this structure as improved tree structure. 
 

Figure 2 shows the Mallat Tree Structure using 5 
subchannels. The new improved Tree Structure using 
Daubechies Wavelet-1 (db-1), Daubechies Wavelet-4(db-4), 
Daubechies Wavelet-10 (db-10), Daubechies Wavelet-2 (db-
2) and Daubechies Wavelet-8 (db-8) has been designed in 
Fig. 3, Fig. 4 and Fig 5 respectively.  

 

 
 
Fig 3. Improved Tree Structure for 5 Subchannels using db-1(Haar) 
 

 
 
Fig. 4 Improved Tree Structure for 5 Subchannels using db-4 and db-10 
 

 
Fig. 5. Improved Tree Structure for 5 subchannels using db-2 and db-8 
 
 
4. Numerical and simulation results 
 
In this paper, PAPR has been computed with Daubechies-
1(db-1), Daubechies-2(db-2), Daubechies-4(db-4), 
Daubechies-8(db-8) and Daubechies-10 (db-10) for Wavelet 
Packet based OFDM using 5 sub-channels with QPSK 

modulation and compared with Mallat Tree Structure in 
Fig.6, Fig. 7, Fig. 8, Fig. 9 and Fig. 10 respectively. Due to 
search complexity, we have taken small number of sub-
channels. However it is possible to implement it by large 
number of sub-channels.  

 
Fig. 6. Comparison of PAPR of Mallat tree and New Improved 
technique using Haar Wave Packet (db-1) 

 
Fig. 7. Comparison of PAPRofMallat tree and New Improved technique 
using db-2 Wavelet Packet 
 

 
Fig. 8. Comparison of PAPR of Mallat tree and New Improved 
technique using db-4 Wavelet Packet 
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Fig. 9. Comparison of PAPR of Mallat tree and New Improved 
technique using db-8 Wavelet Packet 

 
Fig. 10. Comparison of PAPR of Mallat tree and New Improved 
technique using db-10 Wavelet Packet 
 

 
Fig. 11. Comparison of BER of Mallat tree and New Improved 
technique using different Wavelet Packets 
 

Figure 11 shows the results of Bit Error Rate (BER) with new 

Wavelet Packet Tree Structure and its comparison with Mallat Tree 
Structure using db-1, db-2, db-4, db-8 and db-10. It is observed that 
with new Wavelet Packet Tree Structure Technique, PAPR is 7.53 dB 
and has an improvement of 0.74 dB over Mallat Technique for Haar 
Wavelet (db-1) as shown in Tab.1. Also with new Wavelet Packet Tree 
Structure Technique, BER is 2.579 ×10-4 and has an improvement of 
7.37×10-5 over Mallat Technique for Haar Wavelet as shown in Tab. 2. 

 
Table 1. PAPR for different Daubechies Wavelet using Mallat and 
Improved Technique 

Daubechies 
wavelet used 

 

Mallat 
Technique 

PAPR 
( dB) 

Improved 
Technique 
PAPR (dB) 

Improvement of 
PAPR with new 
technique over 

Mallat 
Technique(dB) 

db-1 8.27  7.53  0.74  

db-2 12.68  9.92  2.76  

db-4 11.63  10.32 1.31  

db-8 12.55  10.84  1.71  

db-10 12.41  11.31  1.10 

  
Table 2. BER for different Daubechies Wavelet using Mallat and 
Improved Techniques 
       Technique used Bit Error Rate(BER) 

Mallat with db-1 0.0003316 
Improved db-1 0.0002579 
Improved db-2 0.02275 
Improved db-4 0.01849 
Improved db-8 0.003227 

Improved db-10 0.02051 
 
 

5. Conclusion 
 
A new Cost Function based Algorithm presented here searches the 5-
subchannels for different Daubechies wavelet family. Results show that 
PAPR is reduced as compared to Mallat tree structure. Haar Wavelet 
(db-1) gives the best PAPR reduction as compared to others. BER of 
Mallat is also in close agreement with new tree structure using Haar 
wavelet. 

 
Acknowledgement 
We extend our sincere thanks to anonymous reviewer for their 
suggestions and valuable comments. 
 
This	 is	 an	 Open	 Access	 article	 distributed	 under	 the	 terms	 of	 the	
Creative	Commons	Attribution	Licence		

		

 



C. Rajni and Gaurav Sikri/Journal of Engineering Science and Technology Review 10 (6) (2017) 16-20 

	 20 

______________________________	
References 

 
1. S.H.Han and J.H.Lee, IEEE Transactions on Wireless 

Communication, 12, 2, 56 (2005). 
2. S.H.Muller and J.B. Huber, IEE Electronics Letters, 33, 5, 

368(1997). 
3. Y.L.Lee, Y.H.You, W.G.Jeon, J.H.Paik and H.K.Song, IEEE 

Communication Letters, 7, 12, 575(2003). 
4. L.wang and C. Tellambura, IEEE Signal Processing Letters, 12, 6, 

453(2005). 
5. J.H.Wen, G.R.Lee, C.C.Kung and C.Y.Yang, Wireless 

Communication and Mobile Computing Conference, pp. 807-
812(2008). 

6. M.Park, J.Heeyong, N.Cho, D.Hong and C.Kang, IEEE 
International conference of Communications, 1, pp. 430-433 
(2000). 

7. T.Wattanasuwakull and W.Benjapolakul, Fifth International 
Conference on Information, Communications and Signal 
Processing, pp. 273-277(2005). 

8. A.D.S. Jayalath and C.Tellambura, IEEE, Global 
Telecommunication Conference, pp. 82-86(2000). 

9. T.Jiang, W.D.Xiang, P.C. Richardson, D.M.Qu and G.X.Zhu, IEEE 
Trans. on Wireless communications, 6, 6, 2017 (2007). 

10. A. Lindsey, IEEE Transaction on Signal Processing, 45, 1336 
(1997). 

11. H.Zhang, D.Yuan and M.Patzold, Digital Signal Processing, 17, 
272 (2007). 

12. Rajni and G.Sikri, IJCA Proc. of Int. Conf. on Recent Advances 
and Future Trends in Information Technology, pp.26-28 (2012). 

13. G.Sikri and Rajni, Springer Proc. Int. Conf. Advances in 
Computing and Information Technology, pp. 685-690 (2012) 

14. M.Baro and J. Ilow, IEEE International Symposium on Personal, 
Indoor and Mobile Radio Communications, p.1-5 (2007). 

15. V.Kumbasar and O.Kucur, Digital Signal Processing, 18, 6, 
885(2008). 

16. M.Liu, K.Wang, Y.Huang and X.Li,  Computers & Electrical 
Enginering, 37, 3, 253(2011). 

17. M.M Hasan, and S.S Singh, International Journal of Computer 
Applications,60,15, 38(2012).  

18. S Banerjee, A Jeyakumar and V Nar, International Journal of 
Engineering Research and Applications, 3, 2, 1016(2013). 

19. K Trivedi, A Khare and S Dixit, International Journal of Research 
in Engineering and Technology, 3, 10, 152(2014). 

20. Gurleen K, Naresh K and B.S. Sohi, International Conference on 
signal processing, computing and control, pp. 215-219 (2015). 

21. N. Taspinar and Y.T. Bozkurt, Turkish Journal of Electrical 
engineering & Computer Sciences, 24, 184(2016).    

 
 


