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Short-term PV Power Prediction Model Based on Optimized
TCN Combination Model

LIU Jun-hong, FU Si-yuan, WANG Ya-jun "
(School of Electronic and Information Engineering, Liaoning University of Technology, Jinzhou 121000, China)

[ Abstract] To improve the short-term prediction accuracy of photovoltaic power generation models with multiple input features, a
photovoltaic power prediction ensemble model LGGWO-TCN-MHSA based on optimizing TCN hyperparameters was proposed. The
model integrated the levy gold grey wolf optimization (LGGWO) , temporal convolutional network (TCN) , and multi-head self-attention
mechanism (MHSA). First, the Spearman correlation coefficient method extracted the main features that significantly affect photovolta-
ic power, which were then fed into the TCN prediction model. Then, the proposed multi-strategy LGGWO was applied to the TCN for
hyperparameter optimization, which improved the model’s prediction performance. Finally, the predicted values were input into the
multi-head self-attention model to further boost prediction accuracy. The experiment was verified using original Australian photovoltaic
data. By comparing with six groups of models including convolutional neural networks (CNN) and long short-term memory neural net-
works (LSTM) , the mean absolute error (MAE) and root mean square error (RMSE) of the proposed model on the test data set were
reduced by 2.03% ~82.0% and 10.5% ~80. 1% , respectively. The results show that the proposed method has high prediction accu-
racy and good stability.

[ Keywords] photovoltaic power; PV power short-term forecast; improved grey wolf optimization; temporal convolutional network ;

multi-head self-attention
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Fig. 4  Comparison of nonlinear convergence factors
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3 ﬁgIJﬁ*ﬁ Table 5 Hyperparameter optimization results
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Table 4 Feature information of data set
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Table 6 Control group model parameter settings

EIRE R,

ERAll o vyl — it YT 7 K
Bomass gBRooh o Y R
CNN 3x3 32 ReLU
LST™M — 32 Tanh
TCN 3 32 ReL.U
3.4 HARTHEFN

H TR R A TR Bk, e $E 1,47,
10 AX 4 AR HBHF 15 d 2 5E R E
A BEFENNREE, DR B E 6, HT
80% REL B IRAE M INZ4E J5 20% KB 5
PERDAE , ok 3 AN e R o 5 B 44
PR

R T Y UEAR SR (A SOPE AR | g D
CNN, LSTM, TCN, TCN-MHSA ., GWO-TCN-MHSA .
WOA-TCN-MHSA 255 16 P RE#E 47 XF He 20 A, 465
WE 8 fFrw , Wl 2250125 R w7 Fims

t 2% 7 HOBCE AT AR R — AR T A5 45 T
2 K B BRI 5% 22 4544, A HLF CNN A LSTM, TCN 7£
Qb BRI 22 5 TR0 5 A B e P, AN
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Table 7 Four seasons forecast error of different models

o CES &S X BE AL
MAE RMSE  R? MAE RMSE R? MAE RMSE R? MAE RMSE  R? Hif /s
CNN 0.683 0.981 0.712 0.592 0.886 0.722 0.381 0.521 0.896 0.454 0.665 0.883 —
LSTM 0.465 0.697 0.855 0.501 0.666 0.843 0.333 0.403 0.938 0.248 0.439 0.949 —
TCN 0.403 0.531 0.915 0.262 0.400 0.943 0.222 0.332 0.958 0.253 0.352 0.967 —
TCN-MHSA 0.170 0.213 0.987 0.331 0.386 0.947 0.122 0.212 0.983 0.137 0.165 0.991 —
GWO-TCN-MHSA 0.155 0.218 0.986 0.369 0.476 0.920 0.208 0.244 0.977 0.175 0.271 0.981 2007.5
WOA-TCN-MHSA 0.198 0.244 0.982 0.280 0.334 0.960 0.138 0.162 0.990 0.169 0.194 0.990 1715.5
LGGWO-TCN-MHSA 0.152 0.194 0.989 0.235 0.299 0.968 0.067 0.101 0.996 0.113 0.140 0.995 1617.8
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Fig. 8 Comparison of prediction performance of different models
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Fig. 9  Comparison of extreme weather model performance

T Mk . www. stae. com. cn



2025,25(15)

XMRZR 45 HE T Ak TCN dLA B R i S DI AR D) Tt 6387

ME 9 0] LLE e b 25 R AT (BRI &
FIK ), CNN LSTM , TCN 8 Fi il i 22 55 K, 45
LR BRI sl Ay 7 F BRI O AR A AT 3 A ) PR
RUTHIN 5 5 2 b J5 46 B0 0 e sl i 5, = A 2 SRk
B, AT APUES, TCN TS B W2 48 7,
B shk /N, I LI 25 AT A TR i B U sh
e X TCN BT S8R 3 A4 &b
PR AR R T 28 SR T — 3, (H R R T N
AR IH 2 PR B LA J i 22 3 R L, R SCH
AL A AR b F AR AR AR S R TR 15 25 1
s/, HARUG B i o RIS SO 4 20 5 A A
BT T A R o P LA R TR i

4 AL

15N 2R

X TR B 5 % B A v AR T B AR TR
T, ASCHE T —FF 5T LGGWO-TCN-MHSA 44
A BT A 0 G AR D B R0y k38 A AN ]
PR 2 () 4 TIN5, TE B T LA 9 ) A e P DA &
AR, S8 LIRS,

(1) BRERIXT LT, 5 CNN Hl LSTM #H [, TCN
JITAS B T 0 35 22 A /0N 100 B X R A8 i T
A7, B2 Ak B DL S i 22 A ] U TCN B8 4 i i
B ] B R AR T OIS B

(2) 5 ¥ TCN BLAYAH H, TCN-MHSA fir 15 15 0]
TREE— AR A BT TR, IR R P &
A TCN REHS b b F T AU R LA K Bi ki shife )1,
T4 T T A

(3) 7 GWO LAl I mh ARG 5 JEZe PRl st
R FR A SRS, A 5O T 8 1 42 Jm) LA =y
RS, BGE T 5B ARS8, ke 17
Bk ey SO0 R, K ek J5 ) LGGWO 5 TCN-
MHSA %54 $E e T A AR R e tEpe s AR T
AN EA AT R LU Y | AR SO 4 5 15 i MAE
BAX T 10.6% ~ 82.0% , RMAE (51X T 11% ~
80. 1% ; %F b AL & P AL BB i & AR AY  ASCRT i
I MAE MR T 2.03% ~ 67.8% , RMAE (&K T
10.5% ~ 58. 6% , Hi 3 B AH %5 i AR 550 3k 42 T
19. 4% , L5 uE SE T 7 VR A R

(4) XGRS BGIR T 2047 T An
OYMT AR SR B 5 9 M G T At ok BB RY | 350 45
5 SEBREE LA g, TIOORS 3 e, UE AR
SCE AR A B AR E T, BB A S I I IR &
HL T 2R (A 285

JAE AR SC T H A Y A ' fR Ty 3 4 A TR B
BT —E R, A — SN 2 b, k] L
FELLF L IR AMESE . — &Y KA E 8 I 578

PR, 51125 B X060 £ BB DR, LB 2 F 9 245
ST A T A IR A
e TR A 2 0 ), BT 5 7 i
B, SEBU TCR AT

2 % X #t

(1] FSAEI. 2023 £E 2 1 TAL S RO 1], s A1 RHE 5
R, 2024, 40(1): 95.

National Energy Administration. 2023 national power industry sta-
tistics[ J]. Electric Power Science and Technology and Environmen-
tal Protection, 2024, 40(1) ;: 95.

[2] Hilifd, {HIF, fRAN, 4. £ T CEEMD-BILSTM-RFR F%i
WO R R[] BseR S TR, 2024, 24(5):
1955-1962.

Feng Peiru, Jiang Guifen, Xu Jiayin, et al. Short-term PV power
prediction based on CEEMD-BiLSTM-RFR[ J]. Science Technology
and Engineering, 2024, 24(5) ; 1955-1962.

[3] WIF4E, RE, BifdE. BT ELM AR ZERIER X & H X [E
TR LT]. BT E, 2 024, 41(4) : 69-74, 101.

Hu Ziyan, Wen Mi, Wei Minjie. Wind power generation interval
prediction method based on ELM and error correction [ ] ].
Computer Simulation, 2024, 41(4) : 69-74, 101.

(4] ZF) BT 3CHE ) B ALY X8R A O6 AR & H i 15000 B 5T
[J]. MR, 2024(3) : 4548.

Zhai Xiaoming. Research on regional power grid PV power genera-
tion prediction based on support vector machine[ J]. Electrotech-
nics, 2024(3) : 4548.

[5] Ibrahim M S, Gharghory S M, Kamal H A. A hybrid model of CNN
and LSTM autoencoder-based short-term PV power generation fore-
casting [ J]. Electrical Engineering, 2024, 106 ; 4239-4255.

[6] Tai B, YuL, Huang Y J, et al. Power prediction of photovoltaic
power generation based on LSTM model with additive attention
mechanism[ C ]//2023 7th International Conference on Smart
Grid and Smart Cities ( ICSGSC). New York: IEEE, 2023
474480.

(7] #dh, WS, @R, 55 B TR FREOLIL R R 22 M 2%

MR G RAEIIR[T]. mME A, 2024, 48 (1)
315-324.
Yang Jing, Zhao Jinman, Meng Runquan, et al. Identification of
power system operating state based on particle swarm optimization
and convolutional neural network [ J]. Power System Technology,
2024, 48(1) : 315-324.

[8] AL, Xatk, BOE, 55 FIBFERBAIIL LSSVM %

HPGR Dy AR [ )] Bl V9B £ R 5 24l 2023, 41(3):
200-207.
Yue Youjun, Liu Jinlin, Zhao Hui, et al. Consider feature extrac-
tion and optimize short-term PV power prediction of LSSVM[J].
Journal of Shaanxi University of Science and Technology, 2023, 41
(3) : 200-207.

[9] Murss, HERI, B, . JET ik K g e
MM R BRI AR AR )]. BEAROR 5 TR, 2022,
22(29): 12900-12908.

Hao Keqing, Lii Zhigang, Di Ruohai, et al. Optimization of the re-

maining life prediction of lithium battery based on whale algorithm

¥ FE Mk . www. stae. com. cn



6388

B

Science Technology and Engineering

5

T #%

2025,25(15)

[10]

[11]

[12]

based on short-duration memory neural network[ J]. Science Tech-
nology and Engineering, 2022, 22(29) : 12900-12908.
HAEE, TAMME, 8T, % SETEaERORARL W)
PLER BRI L[], (R AR SRS, 2024, 43(8):
110-113.
Gan Fubao, Wang Zhongyang, Lian Yinxing, et al. Path planning
method for mobile robot based on improved gray wolf optimization
algorithm[ J]. Sensors and Microsystems, 2024, 43(8); 110-113.
ZEH, 2L, R, GF. BETSRAE AT RIS SRR Y
TRRSIELI]. HEEHLRRE, 2020, 47(8) : 291-296.
Li Yang, Li Weigang, Zhao Yuntao, et al. Grey wolf algorithm
based on Levy flight and random walk strategies[ J]. Computer
Science, 2020, 47(8) : 291-296.
ERKEE, TR, ThRIE. SOt WSRO EE AR A R AR
PRACELLI]. R TRSRA, 2019, 55(21) : 6065, 98.
Wang Qiuping, Wang Mengna, Wang Xiaofeng. Grey wolf optimi-
zation algorithm with improved convergence factor and proportional

weight[ J ]. Computer Engineering and Applications, 2019, 55

[13]

[14]

[15]

(21): 60-65, 98.

Yang W, Zhang Y, Zhu X, et al. Research on dynamic economic
dispatch optimization problem based on improved grey wolf algo-
rithm[ J]. Energies, 2024, 17(6) ; 1491.

Mtz Bisl. FF EEMD-IWOA-TCN F4 e, 15 g 491 67 fi 75300
[J]. mfE R SMEHAR, 2024, 22(1) : 70-76.

Deng Haoyun, Chen Zhuo. Short-term load prediction of power
erid based on EEMD-IWOA-TCN[ J].
and Communication Technology, 2024, 22(1) ; 70-76.

Wlels, BUEE, T, % FET IWOA ik TON Fsl 5
LR TV 52 [J/0L]. Aedb el Jy R4 240 ( A AR BL A
JZ), 19[2024-10-04]. http: //kns. cnki. net/kems/detail/
13. 1212. TM. 20240118. 1430. 002. html.

Yang Tingting, Luo Haiyu, Li Haoqian, et al. Research on coal
mill fault warning based on IWOA optimized TCN model[ J/OL].

Electric Power Information

Journal of North China Electric Power University ( Natural Science
Edition) , 19[2024-10-04 ]. http: //kns. cnki. net/kems/ detail/
13.1212. TM. 20240118. 1430. 002. html.

¥ FE M HE . www. stae. com. cn





