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Peak-to-Average Ratio Suppression Algorithm for Non-Hermitian
Symmetric Optical OFDM System Based on GA-PTS
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Abstract  Optical orthogonal frequency division multiplexing (O-OFDM) technology is widely used in visible light
communication (VLC) to improve the data transmission rate. However, O-OFDM systems have high peak-to-average
power ratios (PAPRs), which limit their system performance. First, this study uses unipolar optical orthogonal frequency
division multiplexing (UO-OFDM) without Hermitian symmetry to solve the problems of low spectral efficiency and high
computational complexity of the conventional asymmetrically clipped optical orthogonal frequency division multiplexing
(ACO-OFDM) system. Second, the conventional partial transmission sequence (PTS) technique is applied to the UO-
OFDM system to decrease its PAPR, and a genetic algorithm (GA) is used to optimize the PTS technique for solving high
computational complexity and low efficiency in searching for the optimal phase rotation factor of the conventional PTS
technique. The simulation results show that GA-PTS significantly reduces the time required to search for the optimal
phase rotation factor compared to the conventional PTS technique, with a slight difference in the PAPR suppression
performance. Compared to the time used by the ACO-OFDM system based on the GA-PTS algorithm, the time used by
the UO-OFDM system based on the GA-PTS algorithm is reduced. With an increase in the maximum generation, the
reduced time becomes more significant.
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Genetic generation G = 10, 20, 50, 100, 150, 200

FEARM PAPR HI 1 i 52 BEI 0 08 4%, 3 9 18 T 1% 4t
B PTS B A, I3F B AR TR E AR P i) SLM #
A, fE CDDF BUH M 10 "1}, 43 9 OFDM 15 5 1
PAPRIEZ)H 15. 8 dB LS PTS H A PAPR{EZY
#19.45 dB, 1Ml GA-PTS £ R ¥ G=200 i} i PAPR {H
2509, 7TdB ML TG PTSHE A KL HA0.25dB
M2, R T 203, 9% MY PERE . kS hn i K s f%
¥, GA-PTSH AR B PAPR 3 il ¥4 e 7T LA TE Jin 18 ¥ 1%
Gii PTS A (02 R T 24T o £ 1 B [B] A 55
TR A, R, AT AT LA GG B R i &R S A
PAPR #1485 115352 4% 5 Z [l fgedr rh b 2

(a) 10° (b)10°
107 F 10!
B
e
g g
bt &
10-2 102}
——G=200
—— PT5S, V=16 |\
10 I 5 L 1 L I I (1] i = L :
11 12 13 14 15 16 17 18 8.0 8.5 9.0 9.5 10.0 1056 11.0
Ry oo /B Ryomo /B

519

PAPR/{G B M2 8 . (a) AR [A GHUE N GA-PTS 4 R 1 PAPR; (b) AR R i PAPR

Fig. 9 PAPR simulation curves. (a) PAPR of GA-PTS technique with different G values; (b) PAPR of different techniques

3.2 HEERESH

B, AR SO T T T UO-OFDM £ 45 Fl it
I #9 ACO-OFDM # e A% fai A [R) £ H (1A 205 B i
BT, A1, OFDM R4 h it 8 & 48 &
B2y A4 S B b T AT B TFET A8 e (14 508007 o 5
IFFT 28 e (i S 8 e 8 1 38 3 a2 o i 75 19 &2 B0 ke 1
DL R RO s A MR BO N
T—WIFFT B85/, % 5 N/2log, N ¥k & e i 32 5. LA
K Nlog, Nk ZEUmikis & . BOkA R & H e 7
UK 64,8 4 ACO-OFDM & S L iz (5 B 5
256 T # %, M UO-OFDM & G fE iz (5 B 3
644 F 2k . % ACO-OFDM #1 UO-OFDM 4 F 3#
#1757 2 A2 5L 10004~ 9 OFDM {5 5 i 5 (14 18 8 1 X

o, B S RN 2 R .

#2 ACO-OFDM Il UO-OFDM R4 1552 44 B H i
Table 2 Comparison of computational complexity of ACO-
OFDM and UO-OFDM systems

Optical OFDM Calculation of Calculation of

system multiplication addition
ACO-OFDM 1024000 2048000
UO-OFDM 192000 384000

[F] Bp X G T 7 A R G Y R A R PAPR PERE , D5
FL R E QAM I I B Bk 16, A7 RO s Y
L E R 64, OFDM {555 A% 10000, 5 16 3% & K
T R (AWGN)EIE . P BE5 R & 10 Fros o

0706005-6



£ 605 FTH/2023F4H/HAEESBFFHE

kX 2 2 L K [ 10 w4, B R B UO-
OFDM % 4t 5 1% 4t 1) ACO-OFDM % 4t 7 12 fith 2 Fll
U 35 BE PR RE O T B — B, (R AL R R SR B Yot
OFDM {5 5, UO-OFDM £ 4t ff 5 1 52 ¥ vk UL K B
BOMEEIE B K AEE ACO-OFDM 2419 1/5, # K Hb
W TR A

H, N TG 3T UO-OFDM & 48 i GA-PTS

100 @

R o N

10—| [

—=— ACO-OFDM

—_— —e— UO-OFDM

10}
=1

3 |

& 107

10+ |

105 ¢

e 10 15
SNR /dB

20

CCDF

HARM W TR PTS BRI A G A B 7R &
% Intel (R) Core (TM) i7-9700K CPU@3.60 GHz,
RAM 4 32 GB B33 HL L i 64 7 MATLAB %4
AT CCDF fi B L5, 05 B 72 % & QAM I il B
Bh 16, T8 P AN 64, OFDM £F 5 i 4> %0
10000, 1z 47 B[] X b 285 S a2 3 s o

10° 0]

107 -

102 -

107

§ 9 10 11 12 13 14 15 16 17 18
papro /AB

10 ACO-OFDM 5 UO-OFDM R Zi# i B 22 18] . (a) iR 5% 5 (b) PAPR
Fig. 10 Simulation curves for ACO-OFDM and UO-OFDM systems. (a) BER; (b) PAPR

R3 BGPTSR GBUE T GA-PTS 583 {5 FL I [H]
Table 3 Algorithm simulation time for conventional PTS and

GA-PTS with different G values

Methods to reduce PAPR Time spent in simulation /s

GA-PTS,G=10 373
GA-PTS,G=20 721
GA-PTS,G=50 1737
GA-PTS,G=100 3410
GA-PTS,G=150 5141
GA-PTS,G=200 6899
Traditional PTS, V=16 37480

HH 2% 3 AT AL, Y B K st A% A 204 o 10,2050,
100,150,200 B, 535 0 B0 BT 19 B 18] K 24 53 ) R A% 48
PTSH A 1/100,1/52.1/22.1/11.1/7.1/5, HH G
=200 if (i GA-PTS $ AR 51k 05 B T 75 10 i ] K 29 )2
R PTSEARM 1/5, BT 2 80% Mt 2 441
254 PAPR #0166 Fn T3 & 2% B WG A 7 TR %
ARSCIN R 3.9 %6 HPE R 26 AH LT BR AR 2 80 %6 1354
RPN . T, GA-PTS A M T4
FRIPTS H A, 7 PAPRN I MERE 22 AR DAY LT
e R/ T8 2% B E I T T B A A R

a8 TUE WA ST 2 A9 3 F GA-PTS £ R
UO-OFDM £ 4 041 8t | 76 4 1 Ft s i 05 5 2 800
A TR) B T B S LR, 5 3T GA-PTS H AR K
ACO-OFDM F 4t #E 47 {5 FXF L, PO b 3 4t iz 17 1 1]
XF g A E 11 R R .

AL a5, BT R 5T GA-PTS # AR 19 UO-
OFDM % G iz 17 fr F 09 B 18] A0 BE T 3 F GA-PTS #

8000 |
[ UO-OFDM & GA-PTS —
7000 |- [ ACO-OFDM & GA-PTS
@ 6000+ _
@
£ 5000+ —
‘g 4000 -
3000
=54
2000 -
1000 | ’ \
ol [
10 20 50 100 150 200
G

K11 AFDEOFDM R4 T ) GA-PTS k2 7 i 1]
Fig. 11 Running time of GA-PTS algorithm under different
optical OFDM systems

AR KB ACO-OFDM & 4t iz 17 B H i i 18] 43 B i 2>, 7%
LBt 35 e At A% AR B0 188 T, v 20 A B ) B i B

4 4k

B, N T KR 4R ACO-OFDM & %i it &
AR AR T UO-OFDM & 45, i 3o {7 B 45
AL, % & 55 ACO-OFDM £ % B A #H 7] i 152 1 2
FE 4 Lk BE (R 1 f AR [ A H A RUE R R
G5 B T4 H & ACO-OFDM & 4i 1 1/4, H itk
Z ARG A AT IFFT BAE B T 19 52 50k 1 DL K B8
NIz K4 0 ACO-OFDM &40 1/5, % MiZ 2 4%
T ACO-OF DM F ¢ 75 35 A AT ] 1 5e 40t 2% 0 175
TR > TR R, WA T AT
UO-OFDM Z 4t 1) PTS $ A 1 1155 &2 2% B fn 48 R &
AR A AT JiE % PR F O %) IR D 6 3 A% R SR A Ak A%

0706005-7



£ 605 FTH/2023F4H/HAEEBFFHE

S PTS H AR, JF HA SC N 32 17 U7 5 B 1) %) £ B
T b 18 B T AR AR 2 B R A O AR B, DL R X AN T
WAL AU GA-PTS £ R i PAPR #1 il 7 G& 1 it 5
AP VEAT T M AR L 5 L A5 R R B A A K st
ARG BB, GA-PTS $ A i PAPR #1 i 2: i 52
PRS0 ke A, I BB W E T A SR PTS #R ek
WAL RECH 200 1 19 PAPRAEAH e TAE G PTS A
KA WA 0.25dB Y 2EHE 78 R 20 3. 9% 1y Be 1S
BT BEARZ 80% MTT RS A B . fe e U B IR
WE T AR TR 5 T UO-OFDM & 4 19 GA-PTS
R FFRAMKZE B RO T, 01T LUA R > ] I
Jt OFDM R 4 ny it 1 .

(1]

(4]

(6]

(7]

(8]

Z % x M

Sharan N, Ghorai S K. PAPR reduction and non-linearity
alleviation using hybrid of precoding and companding in a
visible light communication (VL.C) system[J]. Optical and
Quantum Electronics, 2020, 52(6): 304.

BAEE e, KW, DA . ST B IR PAPR AR 7E
JEIE MY S T IE AR RS R I T). ot 5oeH 7
R, 2019, 56(14): 140601,

Ni W L, Zheng Y F, Feng C Y. Application of pilot-
assisted peak-to-average power ratio reduction technology
in optical orthogonal frequency division multiplexing
communication system[J]. Laser &. Optoelectronics
Progress, 2019, 56(14): 140601.

Abdalla H F, Hassan E S, Dessouky M I, et al. Three-
layer PAPR reduction technique for FBMC based VLC
systems[J]. IEEE Access, 2021, 9: 102908-102916.
BURMAS, BB, A, A AT ULV 1F T ' 1F 34
HEMAGRBIFEI] eE A4, 2021, 41(17): 1706004.
Jia KJ, Wei S B, Lin Y, et al. Research on precoding
optical orthogonal frequency division multiplexing system
in visible light communication[J]. Acta Optica Sinica,
2021, 41(17): 1706004.

Hao L I, Wang D Y, Cheng W Y, et al. Performance
enhancement of ACO-OFDM-based VLC systems using a
hybrid autoencoder scheme[J]. Optics Communications,
2019, 442: 110-116.

WA, FHELE, WL, L AR TIRELZHEAR
B 6] AT UL G 8 A A A M R 4y W BT ST (0] b RO
2021, 48(7): 0706002.

Hao S W, Li Y J, Zhao S H, et al. Optimal power
allocation for intersatellite visible light communication
based on nonorthogonal multiple access[J]. Chinese
Journal of Lasers, 2021, 48(7): 0706002.

Vappangi S, Mani V V. Concurrent illumination and
communication: a survey on visible light communication
[J]. Physical Communication, 2019, 33: 90-114.

Kumar S, Singh P. A comprehensive survey of visible
light communication: potential and challenges[J]. Wireless

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

(20]

[21]

0706005-8

Personal Communications, 2019, 109(2): 1357-1375.
YuBY, Zhang H M, Wei L, et al. Subcarrier grouping
OFDM for visible-light communication systems[J]. IEEE
Photonics Journal, 2015, 7(5): 7903812.

Zhang T, Ghassemlooy Z, Ma C Y, et al. PAPR
reduction scheme for ACO-OFDM based visible light
communication systems[J]. Optics Communications,
2017, 383: 75-80.

Valluri S P, Kishore V, Vakamulla V M. A new
selective mapping scheme for visible light systems[J].
IEEE Access, 2020, 8: 18087-18096.

BaiJ R, L1Y, Yi Y, et al. PAPR reduction based on
tone reservation scheme for DCO-OFDM indoor visible
light communications[J]. Optics Express, 2017, 25(20):
24630-24638.

Wang T Q, Li H, Huang X J. Analysis and mitigation of
clipping noise in layered ACO-OFDM based visible light
systems[J]. TEEE Transactions on
Communications, 2019, 67(1): 564-577.

Singh V K, Dalal U D. A Fast Hartley Transform based

novel optical OFDM system for VLC indoor application

communication

with constant envelope PAPR reduction technique using
frequency modulation[J]. Optics Communications, 2017,
400: 128-135.

Vappangi S, Mani V V. Performance analysis of DST-
based intensity modulated/direct detection (IM/DD) systems
for VLC[J]. IEEE Sensors Journal, 2019, 19(4): 1320-
1337.

Wang T, Ren 'Y, Li C K, et al. A PAPR reduction scheme
combining superimposed O-OFDM and p-law mapping
for VLC-OFDM systems[J]. Optics Communications,
2020, 460: 125190.

JA T #E, BERAE, B, A TIRMMGT ) OFDM-
PON 9y #1124 R 5 Ge P AR 1Y 58 35 1 (1), O %23k
2021, 41(16): 1606002.

Zhou Y X, Bi M H, Teng X Y, et al. Physical layer
encryption and system performance enhancement algorithm
based on chaos mapping in OFDM-PONIJ]. Acta Optica
Sinica, 2021, 41(16): 1606002.

Xiao W, Deng H G, Li Y, et al. PAPR reduction in
VLC-OFDM system using a combination of shuffled frog
leaping algorithm and hill-climbing algorithm[J]. Wireless
Personal Communications, 2017, 97(3): 3757-3771.

Liu Y, Deng H, Ren S, et al. Peak-to-average power
ratio reduction in orthogonal frequency division
multiplexing-based visible light communication systems
using a modified partial transmit sequence technique[J].
Optical Engineering, 2018, 57(1): 016108.

Ali T H, Hamza A. PTS scheme based on MCAKM for
peak-to-average power ratio reduction in OFDM systems
[J]. IET Communications, 2020, 14(1): 89-94.

Ahmad R, Srivastava A. PAPR reduction of OFDM
signal through DFT precoding and GMSK pulse shaping in
indoor VLC[J]. IEEE Access, 2020, 8: 122092-122103.



	1　引言
	2　基本原理
	2.1　无厄米特对称的光OFDM系统及其PAPR
	2.2　PTS技术
	2.3　GA-PTS技术

	3　仿真结果与性能分析
	3.1　PAPR抑制性能分析
	3.2　计算复杂度分析

	4　结论

