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Photovoltaic power forecasting based on SSA-BiLSTM

nonlinear combination method

Yuan Jianhua'?  Jiang Wenjun"?  Li Hongqgiang"®  Xu Jie'"”  Gao Yanling'®
(1. College of Electrical and New Energy, China Three Gorges University, Yichang 443002, China;2. Provincial and Ministerial Key
Laboratory (Center) of College of Electrical and New Energy of China Three Gorges University, Yichang 443002, China)

Abstract: The linear combination of various models can effectively avoid the disadvantages of poor convergence and low
reliability for photovoltaic power forecasting. Simplifying the linear relationship between a single model in a linear
combinatorial model can simplify the calculation of the combinatorial model, but reduce the prediction accuracy.
Aiming at this problem, a prediction model based on Sparrow Search Algorithm (SSA) was proposed to optimize
Bidirectional L.ong Short-Term Memory (Bil.STM) nonlinear combination method. Firstly, the Kernel-based Fuzzy C-
means (KFCM) and Variational Modal Decomposition (VMD) are used to preprocess the original data samples. Then,
using the Elman and SSA-BILSTM forecast after photovoltaic (PV) power of pretreatment; Finally, the nonlinear
combination of the two single models is optimized by the sparrow search algorithm to establish a nonlinear combination
prediction model for short-term photovoltaic power, A comparative calculation example is established based on the
measured data ol a photovoltaic power plant, and the results showed that the average RMSE and MAE values ol the
proposed combined model under different weather conditions are 0. 689 kW and 0.540 kW, respectively, which are
superior to other comparative models, verifying the effectiveness and superiority of the proposed combined model.

Keywords: photovoltaic power forecasting;nonlinear combination method;sparrow search algorithm; BILSTM network
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(d) TERSK(2020F9H 19H)

B8R IR T A R T 2

3 NAIOTT AN OB A 4 P R AR B AR A

B A 0 T R 22 % L

R3 AEEBHTNIRER L

— | I R ESR | / GBS RABRE,
Yruse/ kW Vs /KW Youse /KW Yaae /KW Yruse kW Ynae /KW Yruse /KW Y /KW

BiLSTM 1. 334 1.176 1.913 1. 662 3.799 2. 654 2.713 1. 815
Elman L. 255 1.013 1.776 1.559 4.556 3. 354 3.416 2. 414
SSA-BILSTM 0.798 0.679 1. 346 1. 064 2. 845 1.977 2.312 1. 485
VMD=+BiLSTM 0.711 0.560 0. 891 0. 731 1. 345 1.132 1.106 0. 851
VMD+ Elman 0.674 0.503 0.765 0. 604 1.032 0.834 0. 899 0.761
VMD++SSA-BILSTM 0. 702 0. 542 0.803 0.629 0. 986 0.791 0. 868 0.736
AT 0.611 0. 465 0. 669 0.511 0.768 0. 607 0.708 0.578
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B 3 4 B Bl S, A% F R 4 A9 Elman,
BiLSTM ## , VMD+ Elman #l VMD—+ BiLSTM #4 #1 #¢
4 i R AR S AN A 5B v A B T AR 22 B 3 R 1)
AT B HG JE A 6 AR & v 2 S 5008 A BB Y op 3 £y
T R Fl VMD 53 3% W F o 2 50 % S — R B T I H1A
AT BT, ] S A TR A R IEF R 15
AR e Yt i A 5 22 T A Al R 5 R OB I R L R B
25 SR 6 AR T ST A T, W I BRI A R ), 42
BTN B, 5 BLIR B L SSA-BILSTM 5 BiLSTM b
VMD-+SSA-BILSTM 5 VMD+ BILSTM # 17 %t 7 FL %%
SSA-BILSTM. VMD + SSA-BILSTM #j Fi Wl i% 2% /AN F
BiLSTM 1 VMD-+BIiLSTM #& & , By It 135 B , 5% F B 46 74
RE R R KERICIZ N R LS H, Al G5B &
Do) £5% 1y T 0 14 R 5 L5 ] B AR S O 3 5 X L 1 R — A U A
Lb s 7E 4 FlOR [ R SR B I 3R RE A B0 A, 45 0 59 T
wER/D,MEF VMD+Elman, XX FEHEBR . £ = .
WRMEAERKS FH RMSE, 4+ Bl BAL T 9.352.

12.55% .25.58% #1 21. 25%, MAE 2 %I T 7.55%.
15.40% ., 27.22% F1 24.05%; # . F VMD + SSA-
BILSTM, AR X FEHEBR . L5 WRMREXK TR
RMSE, 4 5 B8 T 12.96%. 16.69%. 22.11% #
18.43% ,MAE /> B AR T 14.21% .18. 76 % .23. 26 % 1
21.47% Al LAl RAAS 2R A SSA-BILSTM 414 7 i Xt
VMD+ Elman il VMD+ SSA-BILSTM P 4~ ¥t — 4 1 3
TAEL AL G A RUF P T B — BT G AR T 2R T
o 50 SR 5 25 1 ) O, 8 v T TN 1k B

H T WEAR SCR F R 20 6 5 1 (SSA-BILSTM) #9 {1 %
WARSCR A 7T 5 B AR A& 7 35 iR 22 8K
w0 3L B ¥R (genetic algorithm, GA)U 1 SVM'- 2k 4
ORI G 7 VAT T b FL b s A 40 & 5 vk IR 22 )
B GA RERMH G 7% M RIES R E W, SA 6
JTEE B A By B — 5 R ER 2 VMD + Elman #1 VMD - SSA-
BILSTM, R & FILHARE, R 4 A ETFARAEG T
PR A BERIAE 4 Fp RSB BURE A B0 P i SE g 45 R .

x4 FEAEGHEEREXEE

e 5 K [[iPS HARRA,
Yruse /KW 7aae/ kW Yeuse /KW 7viae /KW Yruse /KW 7aae /AW Ve /KW 7 yae /KW
B A g 0. 689 0.524 0. 801 0. 626 1. 212 1.081 0. 903 0.775
iR 2 8 Y 0.679 0.510 0.796 0. 620 1.172 0.943 0. 890 0.753
GAMY 0. 670 0.501 0. 780 0.616 1.012 0. 825 0. 866 0.731
SVME'# 0. 668 0. 494 0. 762 0.593 0. 969 0.782 0. 838 0.712
ATk 0.611 0. 465 0. 669 0.511 0.768 0. 607 0. 708 0.578

B4, RAARAE T %W HE#EE RMSE
1 MAEE#/NT 1.5, X R PR H 4G 77 1 #F Ge AR 47 1
B4 VMDA Elman 1 VMDA SSA-BILSTM W 4~ 28— ¥
WL AR, ETHAAERER. 2 MRMNELERXR
TR ETAER R MBE, B4 FE 3 T4,
FARFEAR T EAEAFMRIFATHETRIRE L
— T AT, AR AH LR — A B B G B T AR B L 5 G TR
Bt , 3 F SVM F1 SSA-BILSTM JEZ M 41 & 7 i i 4l &4
B8 38§ RMSE #1 MAE {8, 1 /M T2 F RO MARAE S
T AR ZEIBE T GA A AR, f B R, R T4
T 2 R A o B — R 2 R IR R R R, AT R
LA EHL AT b R AR > ] R AR AR 2
PERRBEIF R AR KA N & BN 75 TR
LI AR TS SUM AL A & 7k A CRAM
HAEFEERBER. L= MRXMELERSTH RMSE, 4
LT 8.53% .12.20%.20. 74% 1 15. 51% , MAE 4

WAL T 5.87%.13.83%.22.38% Fl 18. 82% , 11 fy
PR BT, AR SCOR B B 4L A J7 Bk B A4S b B 4 VMD +
Elman #1 VMD-+ SSA-BiL.STM #5 # 5 F5 3 {5 55 5 4 T i
GRZAERNELERR BHEXHFEEAERY
i N

R B UE A ST R Iz AR BE T, LR [ P AR
AN 4 AR L (TR B HBIX) 2020 4F 1~5 A BBk 2h
A SR 5 7 S B ST B 1R B AL B vk
5 b 3C—%, LR T A AR OC S 3R IR B X LG A AR
WEL, X5 WAFEETE B X A FE KBt 4
B R A IR ZE 5 AR, 2 6 AR A ST EAE B A
[F) R A28 0 0 AT P Y O R 22 8 A

B3R 5 6 AT A T A sE — BEAL AN R T 3L Al A
G R A AR A, AR SCJ7 ¥R BHLIX 4 A RIR S
FE R A S Y RMSE il MAE {8 55 /)N, X — 2
R A B B A RBAzehe



2546 % v F oA F &K K
x5 ARAEHEBMXARNXSERNVNKXEHEPHHTURESF
T / K EN / BN RABRR |
Yruse/ KW Vaae /KW Yruse /KW Yaae /KW Veuse /EW Yaae /KW Viuse /KW Y uae /KW
BILSTM 1.578 1. 295 2.314 1.912 4.121 3.235 2. 904 1. 915
Elman 1.322 1.164 2.012 1. 744 4. 899 3.633 3. 896 2.733
SSA-BiLSTM 0. 894 0. 795 1.973 1. 698 3.227 2.543 2.634 1.618
VMD-+BIiLSTM 0. 801 0. 634 0. 956 0. 896 1. 894 1.693 1.315 1.141
VMD++ Elman 0. 729 0. 585 0. 841 0. 768 1. 424 1. 241 1. 201 0. 998
VMD+SSA-BILSTM 0. 743 0. 622 0. 882 0. 799 1. 202 1.195 0. 983 0. 897
AL 0. 636 0.501 0.711 0. 632 0. 949 0. 893 0. 812 0.725
k6 FAAAEFAEEBHRARRSEMNKELIERELE S0
Aok / PN ER | / mWR RABRS,
Yewse/ KW Yuae /W Viwse /KW 7uae/ kW Vewss /AW Yuae /W Viwse /KW Y uae /KW
B A ke 0. 738 0.613 0. 877 0. 790 1.578 1.452 1.143 0.973
1R 2 18] gk 0. 726 0.581 0. 870 0. 781 505 1. 404 1.113 0.961
GAM 0.718 0.575 0.861 0.772 1. 401 1.218 0. 970 0. 882
SyMmt'® 0. 701 0.558 0. 832 0. 754 1.211 1.198 0. 964 0. 859
AT 0. 636 0.501 0.711 0. 632 0. 949 0. 893 0.812 0.725
4 %7 i BIER T, B RE P 545 H . 2018,
46(21):118-124.
xR & o T 3 4 A T AR AL oK £ R A 2t A 4]  XiE#E,. == 5, B M. % F BLSTM — B LR H B

GRS A A BT TN G B R R B4 )R, AR SCHR H—
FhJE T SSA-BILSTM R £ M4 & J5 1 i T g A 284 , i 3ok 38
B 05 B AT LARAR LR 4538 .

T KFCM RER PR R I 2 H80R 17 R0k,
1] A5 R AR AN [B) R AN S AR Ty e i b R R 1 R i, 4R TR AR
RN TR i 2 >, DL R AE b 3l BRI A VMD
SRR AT BRI Z 40 LR BOGAR B 37 71 o iy
FEAEAE B . N 5 25 R 0 19 T B4 5 2Ll

KA SSA Bkt BILSTM M 48 4H 3¢ S 81T 1L
DLk BILSTM #5220 2 %0 SO0 XE Y o) B, $2 w5 1 R AU i) 2%
MBI,

R RFW, AR B HET SSA-BILSTM JE4
A Ir I BN RLEL, 7EOR [F R AR M TR 2508 T8 —
KR, A AT T T BORG E, BB E T AR SR AWM A 7
LI,
S % 3k
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