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ABSTRACT: With the continuous increase in the penetration
of renewable energy, the accurate characterization and effective
management of its inherent uncertainty have become crucial for
the planning and secure operation of modern power systems.
To address this challenge, this paper proposes a renewable
energy scenario generation method based on a Wasserstein
generative adversarial network with gradient penalty
(WGAN-GP), integrated with multi-scale convolution and a
multi-head attention mechanism. The method efficiently
extracts features of renewable energy output at different time
scales through a parallel multi-scale convolutional network. It
incorporates a multi-head attention mechanism to capture
long-term dependencies, thereby significantly enhancing the
model's capability to model complex dynamics. Furthermore, a
comprehensive framework s

established, combining SHapley additive exPlanations (SHAP)

interpretability  analysis
attribution analysis with attention weight visualization to gain
deep insights into the model’s decision-making process.
Experimental results demonstrate that the proposed method
provides an effective and interpretable tool for the uncertainty

analysis of renewable energy output.

KEY WORDS: new energy; WGAN-GP; scenario generation;
multi-scale convolution; multi-head attention mechanism;

interpretability analysis
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Fig. 5 Value of discriminator loss function
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Fig. 6 Comparison of typical wind power scenarios



F50% F1M

o

¥R 279

RPERE, BEWS A R PORT BEVE H 7T N AE B S
H# EREREE B2 H 5.

N E VP AE 53 I B A Rp I T T TR RE
AR SCIE R B B S i 5 AR R A B R
BEAT 1 A — SRR A6 . SO TR T B L
JE AN, B RAE A the 255K, =&
FEHAT (1 /R ~1 PR/6h) Y IR B - B 2
HAFHIN-1.93 5-1.97, B h1/ 2 Mo A T
A, RYGUE 7 AT IR BRI Y b5 s o A
AR —8E. IR b, A —
RERL WA 4 A RBEISAT R, VEARRIAER 70
ATXFEE AR 1 s o SRS EEAE RAE DB =% A 3R A3

R 1SR ER, EFENRREIANZ HRE
B (1 IR~ IRVHD), 2B 7575 B S 5 R A
XTBERIRZEDON 0.11%, RUMEER mR IR
DUCHE I IR . AR R o, B KX iR
RIS 1.09%, B PUEsE | ZHAEEHUIEA
R — . XSS R MR A B B IO IE 1
JIT 3 07 VEAE A ST et O 2 R sh &5 % 7 T
A 2 SRS .
®1 REELARSERARENEINHHEE S XL
Table1 Comparison of energy distribution across different
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Fig. 9 Comparison of data probability distribution
characteristics for scenarios generated by different methods
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Table 2 Comparison of statistical characteristics and
autocorrelation performance for scenarios generated by

different methods
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Table A1 Generator structure and parameters

EH F4FR WMASH S5
WINYERE: 100 W 75 [ 4 E
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LRZKA: 4 I [ 4 4
FRFEE ConvTransposeld Sk 2 K RS
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Table A2 Discriminator structure and parameters
E3 g4 ZH L]
BREKAN: 5 SRR S HK
HMNGIRZE SpectralNorm+Convld HHEiE: 64 RHAE B S
BRI 5 HFAE L
@, 128 FHELEREY R
FHESREUE 1 SpectralNorm+Convld -
5&12 iﬁ?ﬁ 2 _Fil%ﬁé
LeakyReLU(0.2)+Dropout(0.1) WOE S IR
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Table A3 Comparison of energy distribution across different frequency bands between real and generated photovoltaic
power scenarios

iy iy ) U HSY R AeE 5 /% AR R R L% it 2 /%
<1 /A ESEEV SR 5.47 5.04 0.43
1 %/R-1 /| ZHRE 38.07 39.14 1.07
1 /H-1 ¥%/6h H PR 56.31 55.69 0.62

>1 ¥K/6h AL BN 0.15 0.13 0.02
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Fig. Bl Comparison of typical photovoltaic power scenarios
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Table Bl Comparison of statistical characteristics and autocorrelation under different sample sizes for generated scenarios

FEA K U FiE 72 % 22 5 KS Giit & H A2 24 RMSE Wasserstein i &5
EROIERE N 0.42 0.25 0.12 0.0832 0.17
10 AN IREAR 0.32 0.15 0.094 0.057 0.083
17 A AREAR 0.28 0.094 0.072 0.034 0.059

24 A HEEA 0.20 0.060 0.022 0.028 0.014




