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Forecasting model of wind-photovoltaic synergy power based on mutual
information coupling DBO-BiLSTM-A ttention

LI Yinghuan, LIU Jicheng, LU Yunyuan, SUN Jiakang

(School of Economics and Management, North China Electric Power University, Beijing 102206, China)

Abstract: Wind-photovoltaic synergy power is the trend in the development of new electric power systems. However,
both electricity generation fluctuates greatly with the environment, which exerts an impact on the forecasting accuracy
for the whole system power. This paper explores an innovative model to analyze and forecast the wind-photovoltaic
synergy power for the purpose of a more accurate forecasting result. Firstly, the structure of the wind-photovoltaic
synergy power system and the synergy power model of wind power and photovoltaic power are analyzed. Secondly, the
relationship between the influence factors of wind power and photovoltaic power is discussed using the mutual
information coupling method. Thirdly, the DBO-BiLSTM-Attention model is constructed to lay the foundation for
forecasting the wind-photovoltaic synergy power. Finally, the scenario analysis, method comparison analysis, and the
sensitivity analysis are conducted to verify the effectiveness and rationality of the proposed model. The results show that
the proposed model has good performance and can provide a valuable reference for forecasting wind-photovoltaic
synergy power effectively and accurately.
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Figure 1 Structure of wind-photovoltaic synergy

power system
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Figure 2 Wind power, photovoltaic power, and synergy power generation model



5540 5 4 1) ERUNC A BT LAE B4 DBO-BILSTM-Attention 19 UG Bib ] & H, L 8 T30 5 72 137

A AR B g H bR X R 2 IR 8 8 T I8 B H AR P
TR B XE G, J5 2 )2 WA 5 O 52 B B i 2R AT Y
F AR . S X A B FDE IR A B I R AR Z
LU ST ASES TS 3 A0S S AL R L
B3 DR 2R Ol A v B R R AT B0 AY AT
%o HEMNRSEZRE, KFHNRS LB RN
Rk S S Wi AR A AE W38 2 5 o T S A
R e BE R O B9 HELRR AL, 2 i T 00 ASE 2R R Y
S T AT AN [R] S I A B )RR A
T AR T 5y 50 k47 ) S vl D R AN AR K
IR |, AT 50— R A g D RPN 4521 . KO
b IR) 2 R 28 46 00 1A D A O AR 2 B 2l R B ] L B
i T % 08 T A Bl SR A R A
AR FRLRE PR IO A BE At b, — 25 O3 BT A5 DR R R
2 Tl iy A& Sl 19 5 W b X' P ] A H AR ) R
FrHlA TUI , LAAS BB I 5 Ak i (H . =2 ) i 4
oy Z Rl Gy s VAN S BRI RO HEAS [R) 5303 2
A 6 90k 235 R B A 114 5 AT S R T 4 R A
0 3R AT 55 b K 1R B D AR T 45 2R A BT 4R v R TR
DR RSN TN A N e N S P B S R A K o
Bl . AP RAEEBITAESEEHERYS
W Je SEAR A g SRR L 51 A Attention AL il
B 52 W0 DR 2R B A S BT A TR H A A AR ) R
FEAIE ) 2 A A BILSTM #5828 v 43 53] 2 47 A ] 2y 2R
PO 8 i DBO Bk e AR R v iy 2 i L e A
TIPERE

2 EHi{E BE# & 1 DBO-BILSTM-
Attention £ 8 # &

AR SCAU SR AR SR 0 ) B H S e TR 3R X R
L OBAR A QI R B2, of HC AR D A 1) AR I 4%
Hh BEATUINZR AN BN . 39 1) R AT DBO & RESY i 1 4k
EEMRNISY YN EEPIrie e S B2 G5 PN
TREE 7 ) Py Attention HLH AL THE R, LK
oy 3 X' P ] S H ) R O R Y i 1 3 s o H
LTRSS 3 (1

1) SRARKUH KTy B 5 088 Rl RO A
T B A R B[R] I AR XD 2 ri T 1A B AU
TE I 238 KOG AR I 91 552 o 2 30 45 e 50

2) 28 1 BOHR I U e B A Ak AR A R B K

I MR A AT O R R 1R B RO

PIES S DN YANS RE €/

3) T TR 5 A R B B A EE, 23 )
FHEN 5 X DGR A A By R 5 4% R AIE i) A SQ BB O

G
T

v v

JAH B .
52l 31 % B R
[ I

Bt gk 1

v v
R AAEBOR | R D6 R K
[
7
DS [ ik 5 % 0
E A
!
DBO #%AUH [+ fEABILSTM

v
TR e
52 R 2 A K
I

v
Bk A 0 |
I

5] A Attention AL i

SR || UL IS | | | O v
i) Tk R U A
%ﬁ /N
E

BiLg4ﬁﬁﬁiﬁgg%ﬁﬂ
\M%WEﬁgﬁﬁmmﬁﬁ\
| 45 515 22 Jnt He 5347 |

Gk

B3 fm s A gk A
Figure 3 Overall flow chart of proposed forecasting model
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Table 1 Wind power characteristic data in January 2024 (partial)

PWRIE30m  WHEES0m PWRIE70m PWKIE30m WRIES0m WHBE70m </ SIE/ R/

G/ (mes™) K/ (mes ™) K/ (mes™) K /(7) /(%) R/ (%) C (hPa) %
00:00 0.453 0.612 0.818 166.816 177.355 210.836 —13.154  898.710 53.497
00:15 0.653 0.693 1.092 166.832 177.356 260.855 —13.864  898.621 55.999
00:30 0.826 0.771 1.166 166.859 177.353 264.771 —14.461  898.497 57.747
00:45 0.921 1.297 1.324 166.894 177.344 288.001 —13.066  898.329 54.162
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Table 2 Photovoltaic power characteristic data in January 2024 (partial)

- AKOF ARG, KU RS RS OGR A pE iR/ IR/ i /
(Wem?) (W-m?) (Wem?®  RHOE/C) C (hPa) %
00:00 2.207 0.606 2.898 35 —13.154  898.710 53.497
00:15 2.057 0.510 2.771 35 —13.864  898.621 55.999
00:30 1.598 0.430 2.846 35 —14.461  898.497 57.747
00:45 2.436 0.809 2.799 35 —13.066  898.329 54.162
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Table 3 Mutual information values of wind power, photovoltaic power, and characteristic factors

g PR 30m REESOm MK 7Om MKIE30Om WK SOm MRIETOm R/
Fem K/ (mes™ ) R/ (mes™) K/ (mesh) Ry /(%) Rl /(%) Rl /(%) C
A HL 0.81 0.86 0.82 0.53 0.58 0.49 0.21
Jetk 0.28 0.29 0.26 0.17 0.19 0.11 0.51
DY S/ TR/ KRR KR SR AT/ i ff i 45/ AR 2R A At
B (hPa) % (Wem ?) (Wem %) (Wem ?) /()
WHL 0.44 0.25 0.29 0.21 0.22 0.19

Ak 0.34 0.49 0.79 0.71 0.72 0.59
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Figure 7 Optimization process of DBO for hyperparameters
of BILSTM-Attention model
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results based on DBO-BIiLLSTM-Attention model
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Figure 9 Comparison between forecasting values and observed values of 4 models before and after improvement
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Figure 10 Error comparison of 4 models before and after
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Table 4 Result comparison and consistency test between mutual information values and different correlation coefficients

IR — W RIE 30 m WX EE 50 m M KIE 70 m AL 30 m WAL 50 m MR 70m  ICC AL M4
Zm - Mg/ (mes?)  K#E/(mes')  KE/(m-s?h) /() A /(%) A/ () KRB
HAFBE 0.81 0.86 0.82 0.53 0.58 0.49 1
Pearson
) 0.85 0.88 0.83 0.48 0.53 0.52 0.932
EX 44
JH Spearman
) 0.78 0.80 0.81 0.49 0.56 0.55 0.947
R
Kendall
N 0.72 0.75 0.79 0.51 0.52 0.44 0.951
2
A BME 0.28 0.29 0.26 0.17 0.19 0.11 1
Pearson 0.23 0.25 0.22 0.21 0.22 0.14 0.939
JEfR Spearman
- 0.19 0.20 0.16 0.19 0.21 0.15 0.926
EX 4
Kendall
) 0.22 0.24 0.19 0.22 0.24 0.19 0.941
EX 4
I —— KV A g/ KV B i G/ 1053 £ B Gt/ JER 4L PR SR/ HIE/ B/
B3 - (W-em?) (Wem™?) (Wem™?) fagE/ (%) C (hPa) %
A5 EME 0.29 0.21 0.22 0.19 0.21 0.44 0.25
Pearson
N 0.31 0.25 0.23 0.15 0.19 0.41 0.29
ES
Al Spearman
N 0.25 0.21 0.20 0.16 0.18 0.47 0.25
Kendall 0.26 0.22 0.23 0.16 0.19 0.46 0.23
HAFBE 0.79 0.71 0.72 0.59 0.51 0.34 0.49
Pearson 0.85 0.81 0.79 0.52 0.56 0.31 0.44
JAR Spearman
) 0.81 0.79 0.78 0.53 0.49 0.30 0.48
EX4
Kendall
0.78 0.74 0.75 0.60 0.52 0.36 0.53
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Figure 12 Error comparison of wind-photovoltaic synergy

power forecasting under different scenarios
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Table 5 Result comparison of different models

b Ty kAR WL/ % MRE/ % MEER enia enAPE
(1) LSTM 70% 30% 0.870 7 15.98 5.87%
(2) BILSTM 70% 30% 0.901 2 12.35 4.69%
(3) BiL.STM-Attention 70% 30% 0.914 2 10.88 3.78%
(4) DBO-BiLSTM-Attention 70% 30% 0.927 3 8.86 3.09%
(5) GA-BILSTM-Attention 70% 30% 0.921 1 9.75 3.28%
(6) VPSO-BiLSTM-Attention 70% 30% 0.9228 10.23 3.31%
(7) GA-BP 70% 30% 0.919 9 11.23 3.36%
(8) VPSO-Elman 70% 30% 0.920 8 12.09 3.49%
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Table 6 Effects of number of hidden layers and neuron on performance of
DBO-BIiLSTM-Attention model under different datasets

Igde/ Mt/ KOEDZ Moo miiet i/ MEE R evare/
% % RN A% s L
5 80 19.4=+1.3 0.960 8 0.922 2 9.21 3.36
5 100 17.6E£1.0 0.980 8 0.926 5 8.98 3.15
5 120 12.0x1.1 0.973 8 0.924 6 9.13 3.27
10 80 27.0x1.0 0.961 8 0.922 9 8.98 3.24
70 30 10 100 18.2+1.1 0.9817 0.927 3 8.86 3.09
10 120 14.5£1.0 0.974 4 0.9252 8.94 3.18
15 80 42.0£1.0 0.961 3 0.922 3 9.16 3.58
15 100 22.0+1.0 0.9811 0.926 7 9.02 3.22
15 120 16.6£1.0 0.973 9 0.924 8 9.08 3.39
5 80 18.54+1.5 0.9619 0.930 3 8.37 3.09
5 100 13.1+£1.1 0.981 5 0.933 2 8.22 2.89
5 120 12.04+1.1 0.974 6 0.9318 8.34 2.97
10 80 27.0£1.0 0.963 3 0.9313 8.17 2.93
80 20 10 100 18.24+1.2 0.982 4 0.9339 8.05 2.74
10 120 15.04+1.2 0.9758 0.9325 8.21 2.84
15 80 43.0£1.0 0.962 8 0.930 8 8.24 3.02
15 100 22.0£1.0 0.9817 0.933 4 8.17 2.81
15 120 19.1+1.3 0.974 4 0.932 2 8.26 2.91
5 80 18.5£1.5 0.963 6 0.930 3 8.08 2.12
5 100 13.0£1.3 0.983 3 0.9329 7.93 1.93
5 120 12.0£1.3 0.9751 0.9320 8.12 2.06
10 80 28.0x1.5 0.964 2 0.9311 8.01 2.01
90 10 10 100 17.0£1.5 0.984 5 0.934 5 7.85 1.81
10 120 14612 0.976 7 0.932 6 8.03 1.94
15 80 43.0x1.0 0.963 5 0.930 8 8.12 2.08
15 100 23.0x1.0 0.983 7 0.9331 8.03 1.89
15 120 16.5£1.1 0.975 2 0.9321 8.15 2.03
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Table 7 Effects of learning rates on performance of DBO-

BiLSTM-Attention model under different datasets

Mg Wit 2k w WA R evave/
et
/% OE/% R MRS e e O %

0.05 31.0=1.4 09814 09266 891 3.17
70 30 0.10 18.2%1.1 0.9817 0.9273 8.86 3.09
0.15 11.4=£1.1 0.9712 09187 10.57 4.42
0.05 32.0£1.2 0.9819 0.9325 833 2.82
80 20 0.10 18.2+1.2 0.9824 0.9339 8.05 2.74
0.15 12.0£1.1 0.9736 0.9218 10.24 4.15
0.05 31.6£1.5 0.9835 0.9339 7.96 1.95
90 10 0.10 17.5+£1.5 09845 09345 7.85 1.81
0.15 11.6£1.0 0.9751 0.9248 9.95 3.78
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