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Maximum power point tracking of photovoltaic array based on parallel combination
evolutionary algorithm
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(1. College of Electrical and Information Engineering, Changsha University of Science and Technology,
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Abstract: Aiming at the multi-peak output of photovoltaic arrays in partial shading, this paper proposes a new parallel
combination evolutionary algorithm (GA-DE-PSO), which solves the disadvantages of instability and lack of precision of
traditional single evolutionary algorithm to track the maximum power. The method randomly divides all feasible solution
individuals into two sub-populations, and uses the differential evolution model of vectors and the genetic model of
chromosomes to generate new individuals and candidate individuals. Then through the particle swarm algorithm for
hybrid selection, the guidance information of the more effective feasible domain is obtained, so as to converge to the best
advantage more quickly and achieve maximum power point tracking. The simulation results show that the combination
algorithm retains the advantages of three evolutionary algorithms and has high precision and stability.
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Fig. 2 Power output simulation model under partial shading
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Fig. 5 Genetic algorithm flow chart
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PIW

700

650

600 N A ‘,"’\’f
I

550 || v

PIW

SOOI

450 f

400

0 05 1.0 1.5 20 25
I's

(a) ThEsg il ek

105

100

g5

i wJ,'W

75t

70

0 0.5 1.0 L5 2.0 25
s

(b) HL RS H dh2k

12 SEBIEFATER 1 THEFIIR S RE sk
Fig. 12 Array power and voltage curve under partial shading case 1

SAFAWTAZAL,  FT LA B R 2 15 4 A R
GA-DE-PSO HiykAEiBE: GMPP J2& 54754k HAT HEHf
PERES P B 13 4 R 55— BRI T R4
(K P—y g, BEIFIIBIERGLA S=[1000 800 600
400].
500
450 7\
400 . |
350
300
250 o
200 o
150 £
wrr /S
sof/

ol
0 50 100

uv

13 FEBERRIER 2 TRARFRLE P-V Lk

Fig. 13 Photovoltaic system P-V curve under

PIW

5

o S T S S S S S—T—

partial shading case 2

K14 45 H IR AR B2 Sy s 0 ] A 1 — 5
A5 3] R 5 L I T GA-DE-PSO [t K3
RIBEATFEBEIE . I 12() T 401, FESIALE J5 58 5
UL INZE 7 0.49 s IBERRB I RINR, Fuckint .
ASEGESE 1.5 s IR AEGRAR, A IR -l — 58
RGO =, TR 6144 W 1 I 2k 7% 2
488.8 W, 24 R Gk B AR LI, fER BT AEIR 2 )
TRA AT S 8 P DA 6 B A1 R4 T B K e A
B, 2l 0.23s 5, BERIHERKIIE A,

Bl 15 BoR T ORARBES B il — A2 21 9]
SISO, JE T GA-DE-PSO Bk KT #ia
PR LY o TEARSCH, 78t =1.5s N FEZI T
HL—2 0.2 s BETARNBI RGN, PV FES T
WA TR R AR, (H T IR



_8- ® ) %S5

/N, BRI I R D) Ee 2 R TR AR, P LAAE
1.5~1.7 s IX B¢ N, GA-DE-PSO Sk K 15
16 1.7 s B, SE G, FRGIBE BRI R 5T,
254 0.25's, BEREIFNE KR IH .

650

600 1 I\ |
|

550 ’

Z 500 _
% } s
450 "

400
350
0 0.3 1.0 15 20 23
s

14 WBRR—3C L 2 FAS, — Bt AT ZR BRER IR
Fig. 14 Power tracking waveform sudden change from

shadow 1 to shadow 2

5
| |

500

_ \r

350
0

PW

05 1.0 1.5 20 2.5
I's

15 MPBRR—i 2 PR S, — Bt B TH ZR BRER IR S
Fig. 15 Power tracking waveform gradual change from

shadow 1 to shadow 2
4 SLIGIOE

W FEIS T, K GA-DE-PSO 4l &5 1E5 AN
DSP S, Ky MPPT #2188, #ESZT 5,
W ICARBESILE SRR I 5 P iR, S o5
YEAAE SR DSP 5, R LS B R A
R IR, AR A SR R .

Kl 16 A FATHERN LR P H R EE . ARSI
FEWNTER, BB CAR A B AN RS T
AR EE BB, a1 A KB RO G,
PECIRAT 5 T80 i BB SR YR AL, STk 400
mmx300 mm, > G A e G B i s, @i
LR RAR A I DRl . BRI P
M R IhRemnER 2 R,

] / b
/
el

E 16 KB AREE
Fig. 16 Test equipment model
F 2 TG EULIA
Table 2 Testing equipment illustration
K e
LR T RS AR TPER IR F i Db
TES-132 KXPFHfEHE S 052 e et
KI GRS A T A LERERAS DI NN

Kl 16 FroRits 4 ANSZIGRIECR I, Ed s
NG5 DSP GG S8 MPPT, il i e 546 £k
TR R DR, S0 ST X L
K17 25 R AN TR B SR 00 15 LA S S AE 1)
X LA AT o A S IG ¥ 1) R 0 B 5 3 L A J it 1)
IR AR RS, AL R 3 PRI BIRE
AR

700

600 T8
500 Nwae .
B 400 - == \N

T |W
:éy

300
200
100

PR
17 (FEESIEEX LS
Fig. 17 Comparison of simulated and experimental values
% 3 PASZIRR
Table 3 Testing equipment illustration
BRI B

— 1000,800,800,600]
1000,800,800,400]
1000,800,600,400]
1000,600,600,400]
800,800,600,400]
800,600,400,400]
800,600,600,400]
600,400,400,300]

[
[
[
[

o ok HE

[
[
[
[




ST IATH G R SILRDRPES B K Ih R rG -9 -

5 it

ATCER I T — B TR A 220 FAATRL
TREFE R A T HA(GA-DE-PSO) . AL
PRSI ()RR R I FAT S P RDEAL SR, 3R
T R B AT R i H T 2 I DGR R
g8, Rt R DI A, 23Rl T GA
M DE #:4F, $m TR Q@M. [N, X
() RPARER P S B2 5 0 B SR A, M RE L B
PR EAE AT IR HE S, AT RESE DU . SR
i GMPP. IXFP S A IFAT 455 77 2NBE R P
TR RAE, RS T AR SR R
R NGB ) SR SRR N ) o e A
Matlab/Simulink H 7 KGR RGBUATIR G
ITERERIT R, KAlE T AR TR & T3
IAETE A DA AN A 3 242 A0 2 AT B 1
TR, LU T B AR B HE T RAZ R AL
PARIE L. T (7SI UEAS SR (VR & S E Y e
XICAR R GE I e KNI mi AT R A B ERROR
Sk
(1] JH7C5t, MR, AR, 5. AR T OGRS

BE K Z WA MPPT #545I[1]. ANPHAESIR, 2016, 37(10):

2484-2490.

ZHOU Yuangui, CHEN Qijuan, HE Changyan, et al.

Photovoltaic array modeling and multi-peak MPPT

control under local shadow[J]. Solar Energy, 2016,

37(10): 2484-2490.

[2] PUTRI R I, WIBOWO S, RIFA’T M. Maximum power
point tracking for photovoltaic using incremental
conductance method[J]. Energy Procedia, 2015, 68:
22-30.

[3] 5. BIBAAE TR ARG RIC o A 5 DL A Pt
[D]. AN AT K2, 2016.

SHAN Shou. Research on mismatch analysis and

optimization control of photovoltaic system under shadow

condition[D]. Hefei: Hefei University of Technology,

2016.

[4] AHMED J, SALAM Z. A critical evaluation on maximum
power point tracking methods for partial shading in PV
systems[J]. Renewable and Sustainable Energy Reviews,
2015, 47: 933-953.

(6]  BEMOIEL, BRfL, FEA, & R P& FOGREES
MPPT SEFI0]. KFHAE AR, 2014, 35(9): 1614-1621.
JIA Linzhuang, CHEN Kan, LI Guojie, et al. Research on
photovoltaic array MPPT algorithm under local shadow
condition[J]. Solar Energy, 2014, 35(9): 1614-1621.

(6] ¥, A8, HHHE, 5. Ry R SEAE 6k

W ) 22 W d K I A R TR RO S I 0], v TR L
2R, 2012, 32(4): 42-48, 20.
ZHU Yanwei, SHI Xinchun, DAN Yangqing, et al.
Application of particle swarm optimization algorithm in
multi-peak maximum power point tracking of photovoltaic
array[J]. Proceedings of the CSEE, 2012, 32(4): 42-48, 20.

[7] ELDAHAB Y E A, SAAD N H, ZEKRY A. Enhancing
the tracking techniques for the global maximum power
point under partial shading condition[J]. Renewable and
Sustainable Energy Reviews, 2017, 73: 1173-1183.

(81 fajmkib, ™7, YoM, 4. STk

Ve MPPT F4l 77k (1] % LR, 2014, 21(4):
559-562, 566.
JIAN Xianzhong, YAN Jun, FAN Jianpeng, et al.
Photovoltaic array MPPT control method based on
differential evolution algorithm[J]. Control Engineering,
2014, 21(4): 559-562, 566.

(9] Zgdx, T4E, JIWel, 55 TR HIRDLR RS
MPPT ¥ il 5 i [J]. K BH fig “# 4%, 2018, 39(10):
2843-2850.

LI Xiaolu, WANG Xin, FANG Xiaomin, et al. Photovoltaic
system MPPT control strategy based on sliding mode
control[J]. Solar Energy, 2018, 39(10): 2843-2850.

[10] YANG H. Particle sizing with improved genetic algorithm
by ultrasound attenuation spectroscopy[J]. Power
Technology, 2016, 304: 20-26.

(11] WAL 2270 M S0 e LT E[D]. R 2 8 ik
%, 2013.

HU Zhongquan. Differential evolution algorithm and its
improvement[D]. Qinhuangdao: Yanshan University,
2013.

[12] stk sk, xIai. FHAT A MR HESEAE

W RGP R AT BMER, 2012, 36(1):
109-112.
LIU Shicheng, ZHANG Jianhua, LIU Zonggqi. Application
of parallel adaptive particle swarm optimization in power
system reactive power optimization[J]. Power System
Technology, 2012, 36(1): 109-112.

[13] DHALIWAL J S, DHILLON J S. Profit based unit
commitment using memetic binary differential evolution
algorithm[J]. Applied Soft Computing, 2019, 81.

[14] 5kMi4, B, X060, 4. 2T Kmeans-SVM [F5E
WEAR R LT 2T [T]. W RGO 45, 2018,
46(21): 118-124.

ZHANG Yujin, YANG Lingfan, GE Shuangzhi, et al.
Short-term photovoltaic power generation prediction
based on Kmeans-SVM][J]. Power System Protection and



-10 -

@A &R B R

[15]

[16]

[17]

[18]

[19]

Control, 2018, 46(21): 118-124.

BXGR, MR, XM, A BTt CPSO A
ST OGIR MPPT i B 5I[I]. H ) RS 545
i, 2019, 47(6): 151-157.

GE Shuangzhi, YANG Lingfan, LIU Qian, et al. Research
on photovoltaic MPPT simulation based on improved
shadow environment of improved CPSO[J]. Power System
Protection and Control, 2019, 47(6): 151-157.

K, REIRLL, Bz, A5 — MR TN R
EIER SVMOGAR D BRI, B RGL Ry 4%
#ll, 2019, 47(19): 63-68.

ZHANG lJing, CHU Xiaohong, HUANG Xue’an, et al. A
SVM photovoltaic output prediction model based on
weighted Markov chain correction[J]. Power System
Protection and Control, 2019, 47(19): 63-68.

REVUE, BRER, KA. ST 22 N Do
IR BRI FRER SRR T [T]. RGP
i, 2018, 46(11): 23-29.

SHENG Siqing, CHEN Yuliang, ZHANG Jingjing.
Research on photovoltaic maximum power tracking strategy
based on differential evolution artificial bee colony
algorithm[J]. Power System Protection and Control, 2018,
46(11): 23-29.

R, SR, XG0, AT IS RO TR A
I RGP R A [T]. BREER, 2012, 36(1):
109-112.

LIU Shicheng, ZHANG Jianhua, LIU Zongqi. Application
of parallel adaptive particle swarm optimization in power
system reactive power optimization[J]. Power System
Technology, 2012, 36(1): 109-112.

SIS K. 25 7 EAG S5 ) 5t S S T FE[D]. TR
WK, 2017,

HU Pengfei. Improvement and application research of

[20]

[21]

[22]

differential evolution algorithm[D]. Xiangtan: Xiangtan
University, 2017.

gkl SR, PRUEEY, 45 SR TR A S B
RIGULEN MPPT BOR[T]. NI TSR, 2018,
44(1): 91-94.

HOU Xinke, MA Shiwei, CHEN Weigqian, et al. The
MPPT technology based on combination of genetic
algorithm and pattern search method[J]. Journal of Lanzhou
University of Technology, 2018, 44(1): 91-94.

EW, s, AR, AF. AR TRk - XA
22 4 2% 1K G AR R LT A AL A T[], A R R,
2017, 41(2): 455-461.

WANG Xin, HUANG Ke, ZHENG Yihui,

Photovoltaic power combination forecast based on firefly

et al.

algorithm and generalized regression neural network[J].
Power System Technology, 2017, 41(2): 455-461.
AT, — Mol IR A v 4 ey e K D 30 s R e ol g 1%
[D]. BiMH: BUMIHLTFRHZKE, 2016.

HE Mingxuan. Global maximum power point tracking
control method for photovoltaic power generation[D].
Hangzhou: Hangzhou University of Electronic Science
and Technology, 2016.

ks HER: 2019-03-28;

&6 B HA: 2019-07-04

EEEN:

KA (1995—), Jo, LA E, BT 6 A RRE

AR, BEAES>AEIE4]); E-mail: 273009578@qq.com

O 1975—), %, @EEE, W, sl¥dE, MR

F A BER BT HAEH. RRE B RS,

AR (1994—), F, MEAARE, ART @A LR

ELM R RRELBHA,

(%% )



	DOI: 10.19783/j.cnki.pspc.190348 
	基于并行组合进化算法的光伏阵列最大功率点追踪 
	Maximum power point tracking of photovoltaic array based on parallel combination 
	 evolutionary algorithm  
	朱梓嘉(1995—)，女，硕士研究生，研究方向为光伏发电技术，电能质量分析与控制；E-mail: 273009578@qq.com 
	肖  辉(1975—)，女，通信作者，博士，副教授，研究方向为电能质量分析与控制、光伏发电技术等； 



