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Abstract

Orthogonal Frequency Division Multiplexing (OFDM) is a useful technology in wireless communications
that provides high-rate data transmission in multipath fading channels. The advantages of OFDM
systems are the high spectral efficiency and strong resistance to frequency selective fading. In OFDM
systems, a large number of sub-carriers are used to modulate the symbols causing the time-domain
OFDM signal to have a large dynamic range, or a high peak-to-average power ratio (PAPR). When the
signals are applied to a nonlinear power amplifier, the OFDM systems’ performance is degraded by the
high PAPR. In recent years, several works have been done to reduce the PAPR of OFDM systems. One
of the most well-known methods is a partial transmit sequence (PTS). Regardless of the PTS advantages,
it suffers from a high computational complexity. Because it requires an exhaustive search over all
possible combinations of phase factors. The computational complexity of the PTS increases with
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increasing the number of phase factors and sub-blocks. There are several approaches to overcome the
computation complexity issue of the PTS technique. The majority of these methods mainly employed
swarm intelligence and evolutionary optimization algorithms to resolve the PTS shortcoming. These
methods report encouraging results, however, their performance is far from the ideal state. This
highlights that improving the performance of PTS is an open problem and there is room for more
improvement. As an element of research, we propose an optimization approach based on the election
algorithm (EA) to overcome the computational complexity of the PTS technique. To realize this goal, we
improve the EA algorithm by introducing a new version of positive advertisements operator. The new
operator efficiently improves the search capability of the EA through balancing between the exploration
and exploitation power of the algorithm. The proposed EA based PTS (EA-PTS) approach, by searching
the optimal phase factors, imposes less computational complexity on the system and reduces the PAPR
to an acceptable level. The proposed method is compared with the optimal PTS (O-PTS), genetic
algorithm-based PTS (GA-PTS) and imperialism competition algorithm based PTS (ICA-PTS)
techniques. Simulation results show that the proposed EA-PTS has better performance in
simultaneously reducing the PAPR and computational complexity.

Keywords: OFDM; PAPR; Partial Transmit Sequence (PTS); Election Algorithm (EA); EA-PTS
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(Table-1): Test optimization function

dute plado | edgazme | Slul Joe &b
1 [-100, 100] 2 fl(x):—cos(xl)cos(xz)exp(—(x1 —7r)2 —(x, —n)z) fi
0 [-4.5, 4.5] 5 fz(x):(l.S—xl+x1x2)2+(2.21’>—x1+x1x§)2+(2.625—x1+x1x23)2 f2
0 [-5.12,5.12] | 5 f,(x)=25+3" | x, | fs
0 [-100,100] | 30 f,00=3" (Lx +05J)Z fa
0 [-100,100] | 30 f.)=3" x, fs
0 [-10, 10] 30 f,00)=> ix; fe
0 [-1.28,1.28] | 30 f.(x)=>1ix; +random[0,1) fr
0 [-4, 4] 24 fo(x)=3" x? ( " O.5ixiz)+(z.":10.5ixi)4 fo
0 [-100,100] | 30 fo(x)=3" 1(21 . ,) fs
0 [-30,30] | 30 Fo() = 310066, 7Y+ (x, -] fio
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(Table-2): Experiment results on test functions

EA 5ol iz 651 GA ICA bl Cas &b
-1 -0.99716 -1 Min
-1 -0.90761 -1 Mean
0 0.098034 0 Std f1
1.089 0.775 5.098 Time
30 0 30 Succ
9.5644e-15 2.3701e-06 0 Min
2.1224e-12 6.534e-05 4.1234e-8 Mean
1.9246e-12 7.4072e-05 2.5107e-8 Std f,
4.398 0.874 7.409 Time
30 0 30 Succ
0 0 0 Min
0 0 0.3 Mean
0 0 0.45826 Std fs
0.013 0.019 10.750 Time
30 30 21 Succ
0 1567.641 0 Min
0 3123.0 0 Mean
0 818.9011 0 Std fs
1.290 1.400 13.657 Time
30 0 30 Succ
0 1836.7199 0 Min
0 2855.9119 0 Mean
0 886.6447 0 Std fs
1.400 1.570 15.780 Time
30 0 30 Succ
0 336.4143 0 Min
0 479.7652 0 Mean
0 82.1619 0 Std fs
2.704 2.158 16.967 Time
30 0 30 Succ
4.7863e-07 0.17293 6.8999e-07 Min
0.00016881 0.41954 0.000419 Mean
8.9064e-05 0.18067 6.1983e-05 Std f;
43.760 2.092 58.327 Time
4 0 2 Succ
8.2758e-10 213.1520 0 Min
1.4444e-07 300.8751 1.2409e-06 Mean
2.9883e-07 60.3968 5.3059e-07 Std fg
49.177 1.566 15.630 Time
22 0 9 Succ
0 2055.0614 0 Min
5.5188e-15 6671.895 0 Mean
6.7162e-15 3662.7844 0 Std fq
9.558 1.635 11.164 Time
19 0 30 Succ
0 260137.1645 0.00010204 Min
18.4507 730939.9392 1.966733 Mean
13.0478 461070.1644 2.1342 Std f10
29.361 1.535 7.291 Time
6 0 0 Succ
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(Figure-3): An example of coding in PAPR reduction
for V=8

Wbl o3,e50! L PAPR als allis > 50

Sl 5B 5eSB Vo agy (e 595 Ty el
555 Lol PAPR jluie aipaS 45 comid,

(s'i“"“’/“ Lw MLZO -0-Y

o se (Swls jlade aulxe glp p; adal,
sl 00 iy 585 o
1

f(Pi):W(i) O

dlms (1) alay], 5l oolizl b PAPR(P) calas, ol 5o

GO Ueiny 9y 2L -7
2 EAPTS (olprin o)l anslie 5 b5l sl
cogjloars OFDM  la JUSes PAPR ials
s 8L, S g3, 5 MATLAB 38105 b (slailyl,
aldl> jlade 3 3 GHZ ousjls Y je0i0g ol pianew b
O0y9liesds gl ol oo plml 8GB Lol
I Bolal md Jlwes slaws CCDF sl s
adg 16-QAM  jsw¥gse L OFDM  (sla Jows
(ol ) Juoms N264 Lol 3 52 Jsb 5550
L o) JiSmr PAPR 5535 (sl o
o, eaS 1 olowy .l ods (6,10 pdiges i L=4 442518
A£1 4} 5 {£1} o wiloas Ol w=4 g w=2 ;L3
odds Hekaie (V) LSk, olawi gl salize polie
ICA- 4 GA-PTS sla g, L (soloring by, ol

BY ls ¥ 8,Led VF4) JL

2 Bty 5351 Lawsgi oukal ooy o i dunsy o 1(F— Jguiz)

0903! &1 595 2 Min ;Lo (wlul
(Table-3): Comparison of results obtained by algorithms in
terms of min criterion on test functions
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(Algorithm-1): The pseudo code of the proposed EA-PTS for
PAPR reduction problem

59959
\Y daSols 5 ol
JENEISECE
IFFT LgLas)ilgs <$L“’g5.>5)5
| coi 93 1,SG slass

NP Lo o)'b.}l

bi={by, by, ..., bv})'lé sl sl ag
w9

Tr ol i ysl (sl yiol sy (Bl -
Caroz o3Il o Ry ) Gl &5 (N ) lpails” Gl
() 1,85 slass (D) ales slal «Np)

adgl Carox S5l -

ooz adgl (25, -Y

b Syl JsCid -F

D=0

S5 LSS LAL D sl Dl a5 ey b
Cado Ol -0

oo by -fF

Sl -Y

Comoz b3, -A

D=D+1
OS5 Py e Olyea ]y 05 e



http://dx.doi.org/10.52547/jsdp.19.2.13
http://jsdp.rcisp.ac.ir/article-1-1087-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-01-02 ]

[ DOI: 10.52547/jsdp.19.2.13 ]

S W2 L, V=16 5 w=4 ljlay b e ialS PAPR
B, b oS ol 4120 oo olad slass V=32
ERRIPPS IV P

e slp 1) CCDF gl s (0) 5o
bsy 5 ICAPTS GA-PTS O-PTS . Jsare OFDM
oot ol o w3 e olis EAPTS solyiin,
il {21, £} 56 sla g1 5 V=B laSsh ) ohass
CCDF=103 )5 sjlwacd 4 axg5 L .(W=4) siloas
510.7dB ), J5arsOFDM giees 5o PAPR s
Ly cwija ICAPTS 3 GAPTS lais, slp
Jais O-PTS (gly ylse cawsss 6.7dB 5 7.1dB
solgidin by, 9 Cowl ool Cewsay 5.8dB Ll PAPR
alS 64dB Juie 4 |, PAPR laie EA-PTS
Sz ol Gz L OPTS (g, 50 aes o
b a5 o o sl 47216384 a5y ) Slolone
I*Np=1200 Jaio 4 Sdze ol EAPTS s,
EAPTS L acslic ;5 O-PTS 3l soliciul sl o jialS
SIJ o 1o 1, PAPR Slade 0 sgug0 0.6dB sg0x g5
L5 EAPTS i, mir Sy 5 ol &5
3,)ls 1, O-PTS Sa.zxs 1200/16,384=%7.32

104

Conventional OFDM
—pP— GA-PTS

—8—ICA-PTS

—6—EA-PTS

----- Exhaustive Search (O-PTS)

107" F

P(PAPR > PAPR )

107 : : . : :
3 4 5 6 7 8 9 10 11
PAPR [dB]
(V=8, w=4) EA-PTS (5! ;s CCDF Zxico duwn Lo :(O— JSC)
(Figure-5): CCDF comparison for EA-PTS (V=8, w=4)
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