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Abstract

The uncertainty factors, such as the variability of solar irradiation and the complexity of meteorological
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factors, as well as the redundancy of photovoltaic power generation capacity data information, are the
issues that the current photovoltaic power generation industry urgently needs to pay attention to and
solve. Based on this, this paper proposes a hybrid prediction model based on EWT decomposition and
particle swarm optimization algorithm to optimize the long short-term memory algorithm, namely
the EWT-PSOBOA-LSTM model. The LSTM is optimized by means of the Particle Swarm Optimization
(PSOBOA) algorithm. The adaptive signal decomposition Empirical Wavelet Transform (EWT) is used
to decompose the fluctuating power data into different modes. The data features are analyzed through
mesoscale characteristics, and the frequency domain analysis in signal analysis is utilized for classifica-
tion and prediction. This paper takes the power data of a certain company as an example and, through
comparison with models such as GRNN, ARIMA, and BiLSTM, verifies that the proposed hybrid model
has a good effect on improving the prediction accuracy.

Keywords

PSOBOA-LSTM, Photovoltaic Power Generation Capacity, Mesoscale Characteristics, Smart Grid

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8
1L.1. fAREREEN

2023 4F, HREMEAAMENBEINVLIER, B0 HE T L. Bl a2 Jrim, i
M RpE G b a0 A SRR I 0 R A 77, BRIRIHERE “ IR+ S R, SR AR R AT RS AT S,
R AL IE RE A i 70 R GE T OB A FT L R SRR AR I B B, A3 PRSI H
£, eSO R R R . T IEIEEUD AR X7 Hix, ke B, BRI Rt
R R RS, AW, o8 T AT A R BUR AT Bk 1 AR 1]. KBHBE AT BEIR 2
—, BATAIEIA AT R AR ML R, AE AT S BRI E SRR R, O TR R A RE R SRR (1
IR~ H2, KGR AP ERORELAG, SCARTMEARATAEFEHLE L [T LR AN R 1 2
SN R RE S RE BTN R, HEW RS SUEMENKRM. N TR RGN AT FEIEMCE,
AR I HERf 3 SN A PR D AR B D AR T L) AR SR L X AR H TR, AT el FRL 3t ) S AT
HXRIZE .

1.2. EASMRFIIR

Bt K PH g 2 AT BRI RE A0TSR R AT AW B B i A b, EbREAR A O 4
TR T 2R KB RE TR AR 2] P07 K5 B K B 4oy 85 5 T e R & s AT 3], 78 56 3 0 0l o
SAFAEHBFE AT, 8 B T (0 B TR A PR T 4 h[4] [S], T LA Bl i oIl G 4 bt 4 e ) ) R R
A, DU AT R S ) AL S S [6] . H RTOR 2 80% 3 s G R AT, =R BT R i
JE 2R L ) R G e LT
1.2.1. ¥EBTM 75 3%

I, Maciel 558144 1 K FH % I B EA7 YO0l ) 07 SR ) BEABE A, Salah 542 T —METAAF—4
TEAR 2 B i i AR (R T 00 J7 9591, i A B R 7 ik B B IR AE T, B BB AR S R R A sk

DOI: 10.12677/sg.2025.154009 83 e


https://doi.org/10.12677/sg.2025.154009
http://creativecommons.org/licenses/by/4.0/

AN, Vo

BUAHS BN TINR 2 . T ORR R B @ R T Rt SR RGENATEE, BB AR
BT AR Ll e B B R AR, DAIRUE L ) R R RS E P . 1 [ B8 28 K1 Lorenz % 55 1 IR 42
H 7 — PR T AR H el ) SER IR R K B A B ELAL[10], DMES— PR ARHE ROR RE . BT =
PEREPL IR, G A T Re 0 S ITORS #E Hh 20 B AN PT Al A% PR 855 48 A0 0 K BH R H B 1R B2l 1) 5 5 A
A[11].

1.2.2. Gt FERETN 5 %

FESCARTI A, AT DR Ge vt T FI R 2 T ¥ 732, R RS A TINIE N () B A DA R
W FEF45, T 1 B MR (0 R S A 3. PE IR RIZE [ T 98 % 4y Sy #% TR P g . AR
KRB Z H[12], HHAEKEAE. AR T HEEE T E KKt ek R iR M wh, Kam
W5 TR AT KA R BN BB P T B AN E ] SVM SCEFIIERLIL . DUk BENLARARI:
STTVEBAT RN 13], BEHE FORM R &, 3R U592 OO 24w A TR & st 2 L B A O B [ 14]
20 1H#d 90 4E4R, AMTTFFAAFIH e AR SR AT B R T, ARG XHEAE . HIRGREE . 5RA R . R,
IR A5 22 P RL 2R BIR N AT, DRI FH I 1 S i 28 P 2% (FENIN) BV SR B8 v Tl HE R PE[ 15, BeAh, i8F
VFZHI . TENSek 4 I 4 SR AT ik £ . BEERHRIEED, N TR RSV 2 AU 32 22 (&
M, WA ARTMAP #1248 W2 S ORBEAT AR RGN R HETRI[16]. TR, EPs L A%ERBT
— 2 X 24 5 A R R G5 BTN 7 i, JREUR T — 8 BUR[17]. Ytk & T SR MR 7 5 BN T A%,
B RIS T 100 S B0 FE R, ASSCESR SR AT 3 — DR T, AR S R A RRE rh okt B it
TiE— I R, EIERNETTIE EWT BEEA RLF I/ MR v B (R e I LG5 & 7 /Nl AN 2 56 455
B REMD) I s, B AEARYE T SR E B A [F SR T IR T, RIS BB I T 2R, M R v 3t
o A B W . AR ST 50 /N A SR AL AR X AR R PR R Th S R AT TAR B, 4 A 4 T 4
Hola B AT R AR b, R RS BEAT TN, A% 5 L %t LB 1E PSOBOA-LSTM VB & 15 8t $i 45 i % B8 RS ff
Hi T

2. BWHE
2.1. NfEM

ANHE MR R T AT B BEALIE (BB AR ) FASORI L (BN BRI 1), BN IR AE S — 8 R
PRBUAE MU PP AN R 18] S A S T A AN 28 AOME & LA BOR 8 23 B S i B RUBE R AS
HERL AN T S G i P v AT oS QT LR NS N D=8 PR v 2B S i A D7 il | P o S RGP VAL
IR AR, B [ 5E 137 SRR IE R R e A BIUORRENLIE . AEBLAA MR BA IR, FRBERIIE 28 2
o BB IR NE X f ) AN AR, — SR R BH B8 A HL IR 255 A1 P TEAE SN ) A e 32
Blo ANWIHEK DR ERENL, SO DA A E PR IECR, XN B M R e filig T — &5
(RIPRHE[19] . SR A H e #2 I T8 RN 22 B 2 AR 2 o, BAT TR B A 20 sk A Re A B IO E Y L TR
TR IZE AR AT RO B K e IR A AN RE PR AR i R T — R B . H BB LI Zh R AT A
i ST BEAT PR FAHA R V7 A 1) e L, 3 i SE R HE L T 201

2.2. fTREEFFHE

MRIEAE 1976 4E N.G. van Kampen 75 SCE A o IRIE K, FRAE 1981 SR SUI—FP R, Z %
TR TR AN MR E 2 J81[217. “A B AEN—Fh LI 582 MRS, Bifss 1 M — RE R 41 &
GiRFE[22]. Herb i — N REEHSA HR 4 A, B REARRS St — NS i 1t A, SRS S i — A

DOI: 10.12677/sg.2025.154009 84 B HE L


https://doi.org/10.12677/sg.2025.154009

LS, JiE%

BINE RGN, BB, R RATRS E L T AR AR, REE T — MRS, T AR
i BIAMEEZA TR R K. BERSIRE, UUKERNIRF DR TIEA X
RN R RIS R, R, FRAIROZR H 2 4 ARIRER, IR AFRR RS, e BT
A R FLAE B AR, SRR, FRH BRI R,

2.3. ZKUWINETIREWT)

LU/ H(BWT) A2 Gilles 7E 2013 SF4& H ) —FhRE 775231, &5 15 Re 0% & s BRI 18] /7 371 44
o FERIEE EWT R rb, JEF B 3E NI X B 18] 5 50 AT VR N0 #r, &t AP Rads 5 R 2 B s
B BEN R, SN RIS I ARE S AT O, VA ER R AE SRR AL T Ha
AT R ' RIhors 5 3E BA if B AR/ N AR e b (R B VRHESE, X R P 5l R

i
7
&
43
i
AiE
5
L

FPRFE A

e e B A i > BB ok TR

h, i (% AP e
AR
CH G
®

7 = | [ e EE S, pefRT A
A P
& o
| el FT
|
| 4ok |
Bl | [7som0A |

4
[ WEmiEs |

Figure 1. Flowchart of method
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Figure 2. Graph of original power data
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Figure 3. (a) Diagram of signal decomposition by algorithm; (b) Comparison of algorithm signal decomposition
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Table 1. Analysis table of volatility strength
= 1 OEEMRSE SR

W B 5R 55 0~50 50~160 160~320 320~250
IMF1 B [ 55 55
IMF2 g G 5 5
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Table 2. Comparison of results of photovoltaic prediction models

= 2. RATUMRBIRILL AR

RPN TR b RMSE R2 MAE MAPE
ARIMA 0.021 0.586 0.012 153.5%
GRNN 0.027 0.286 0.015 241.3%
BiLSTM 0.0139 0.7788 0.0112 175.99%
LSTM 0.020 0.523 0.015 122.5%

PSOBOA-LSTM 0.013 0.783 0.009 3.2%

EWT-ARIMA 0.011 0.867 0.045 31.0%
EWT-GRNN 0.023 0.310 0.019 178.3%
EWT-BiLSTM 0.0153 0.7488 0.0122 368.81%
EWT-LSTM 0.025 0.502 0.021 799.2%

EWT-PSOBOA-LSTM 0.007 0.940 0.015 3%
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Figure 4. Fitting results of the original data model
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