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Ultra-short-term Source-load Joint Forecasting Method Based on Group Cross-gating
Mechanism and Graph Convolutional Neural Network

ZHAO Wanbing, YANG Qiang, CHEN Yuanyi
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: In the scenario of joint power forecasting for multiple sites and multiple types of sources and loads, traditional
time-series forecasting models are often difficult to efficiently extract spatiotemporal correlations and inherent relation-
ships among different types of sources and loads, resulting in insufficient forecasting accuracy. To address this issue, this
paper proposes an ultra-short-term source-load joint forecasting method that integrates an improved graph convolutional
neural network (GCN) with a group cross-gating mechanism. First, an ultra-short-term joint power forecasting model
based on the improved GCN is constructed to fully extract the spatiotemporal correlation features of source (wind, solar)
and load (electricity, heat) power. Then, a group cross-gating mechanism is designed and incorporated into the improved
GCN, thus the cross-modulation of information between different types of sources and loads is realized, effectively utiliz-
ing their inherent relationships. This significantly improves the accuracy of ultra-short-term joint power forecasting for
multiple sites and multiple types of sources and loads. Finally, based on historical data of wind power, solar power, elec-
tric load, and heat load from a region in northern China, comparative experiments are conducted. The results verify the
effectiveness and superiority of the proposed method in terms of prediction accuracy.

Key words: ultra-short-term power prediction; joint power prediction; graph convolutional network; group cross-gating

mechanism; spatio-temporal correlation
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Table 1 Comparison of prediction performance of different

models(WTs)

R NMAE/%  NRMSE/% RY% NMBE/%
MLP 3.54 491 97.32 0.67
LSTM 2.61 432 97.93 -1.48
GRU 2.76 4.53 97.72 1.87
Transformer 2.54 393 98.28 -1.65
BasisFormer 2.55 4.61 97.64 —0.16
iTransformer 2.16 4.15 98.09 0.65
STGCN 231 4.19 98.05 0.59
GN 2.28 3.63 98.54 -0.73
CGGN 1.99 3.34 98.76 —0.64
GCGGN 1.85 322 98.85 —0.55

®2 AFRRTINEREXT LEOEIR)

Table 2 Comparison of prediction performance of different

models(PVs)

TR NMAE/%  NRMSE/% RY% NMBE/%
MLP 2.76 6.56 94.45 2.72
LSTM 2.37 5.21 96.50 3.87
GRU 1.91 3.13 98.74 0.49
Transformer 2.15 3.09 98.77 0.58
BasisFormer 1.99 3.68 98.25 -3.16
iTransformer 1.80 3.54 98.38 0.52
STGCN 1.88 3.17 98.70 1.29
GN 1.82 4.16 97.77 0.66
CGGN 1.29 3.37 98.53 0.43
GCGGN 1.27 3.20 98.68 0.42

R3O NFEB T BEXT EL (R B A
Table 3 Comparison of prediction performance of different

models(electrical load)

fETH NMAE/%  NRMSE/% RY% NMBE/%
MLP 1.85 2.42 87.77 3.17
LSTM 1.72 2.39 88.08 0.60
GRU 1.58 2.24 89.53 0.03
Transformer 1.64 223 89.62 3.43
BasisFormer 1.52 2.25 89.45 -0.11
iTransformer 1.30 2.02 91.51 -0.22
STGCN 1.58 2.26 89.34 -0.15
GN 0.94 1.54 95.05 0.29
CGGN 0.91 1.55 94.98 0.28
GCGGN 0.83 1.43 95.72 0.26

IR FAFERT 21.7 ms (AN [RIRE 7Y ()4 H A 1) 1 L
Pi5% B 3 B1)o 1 AR R I [ Ze I T RS B 15 min
PRI 5B SR 7870 A S P T 75 3K

GCGGN BLAY 4y H IR 43 Ik il &5 S an il 6
Fis. B IS (9243 R GCGGN [ Al 45 2R,
ZL 0 RN AR RN ZI AR FL SR, SR A —1b4h
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Table 4 Comparison of prediction performance of different

models(heat load)

TR NMAE/%  NRMSE/% RY% NMBE/%
MLP 2.73 3.89 89.38 -1.13
LST™M 2.59 3.30 92.36 -1.08
GRU 2.46 3.06 93.43 -2.95
Transformer 2.41 3.15 93.04 —2.84
BasisFormer 2.28 2.90 94.11 -1.32
iTransformer 222 2.83 94.40 —0.56
STGCN 2.35 2.99 93.72 -1.22
GN 2.13 2.80 94.50 -0.55
CGGN 2.08 2.74 94.73 -0.52
GCGGN 2.07 2.72 94.80 -0.51
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Fig.6 Result of source/load power prediction
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Fig.8 Prediction results of typical scenarios under different meteorological conditions
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for each model
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Table 5 Influence of the number of stations on the prediction

performance of a certain WT station

Z 51N K5 vhHE SR TR R 2 P b
[RH, Jetk, M, #ffm]  NMAE/% NRMSE/%  RY%

[L1,1,1] 1.84 347 97.81
[3,3,2,2] 1.79 342 97.87
[5,6,3,3] 1.70 3.39 97.91




650 i LR AR

2026, 52(2)

2) ARSI A A RN TR A T ML
SEHL T 2 U5UE B RS SO SRR R, SR T
JP RN B RIE SRR /), BEIRF T 2R AR
Taf ThEE & TIUINAS FiE

3) FETF IR E AL ER R X S5 ) s e 4 AR B,
PR R E TG B L B T I B, Jf
IV R SIS UESE AT TE S AT T 4 B AR
HIVEH -

AR TG 1 — 28 ¥ i 58 T A B 7E )
AE IR THOUAM S 56 AT & B 572 A Re Jy . T
I, JE T AN AT R R G T S e A
BRI, DLSKELLR G RelE RS R 8us AT .

B 5 WA F1) o 2% i (http://hve.epri.sgee.com.cn)

S22 #k References

(1] AR, HET, BN, % K E PR RERR B RS R
B SHAMAN]. BMEAR, 2022, 46(10): 3831-3839.

REN Dawei, XIAO Jinyu, HOU Jinming, et al. Construction and evo-
lution of China’s new power system under dual carbon goal[J]. Power
System Technology, 2022, 46(10): 3831-3839.

21 sktR, & B, FBUE, EBEAIAREAE R X

fif- % 20 B REEBR S RAGTREZ]. Wy BBl ibies, 2023, 43(4):
91-98.
HUANG Weidong, LI Yang, LI Jingyan, et al. Multi-time scale joint
optimal scheduling for wind-photovoltaic-electrochemical energy
storage-pumped storage considering renewable energy uncertainty[J].
Electric Power Automation Equipment, 2023, 43(4): 91-98.

(31 8 3, APl BRUESE. 5 B E R RS b ik e
MR SRR 0] I RZ A FML, 2023, 47(10): 107-116.
BAO Yan, SHI Jinkai, CHEN Shihao. Robust real-time control strate-
gy for energy storage in fast charging station considering load
forecasting uncertainty[J]. Automation of Electric Power Systems,
2023, 47(10): 107-116.

[4] # {7, £ H, AT, % RRK BRI TION E LR
[0]. mHERA, 2023, 49(7): 2938-2951.

DONG Cun, WANG Zheng, BAI Jieyu, et al. Review of ul-
tra-short-term  forecasting methods for
generation[J]. High Voltage Engineering, 2023, 49(7): 2938-2951.

(5] xR, xUHrHi, /& W, . mEE AR RSt A T
AR FHERR, 2023, 49(7): 2711-2724.

LIU Junlei, LIU Xinmiao, LU Xun, et al. Analysis methods and coun-

photovoltaic  power

termeasures of supply and demand balance of high proportion of new
energy system[J]. High Voltage Engineering, 2023, 49(7): 2711-2724.
[6] HAN S, QIAO Y H, YAN J, et al. Mid-to-long term wind and photo-
voltaic power generation prediction based on copula function and long
short term memory network[J]. Applied Energy, 2019, 239: 181-191.
[77 MASSIDDA L, MARROCU M. Total and thermal load forecasting in
residential communities through probabilistic methods and causal ma-
chine learning[J]. Applied Energy, 2023, 351: 121783.
8] M ¥, THE, B W, S RTINS R4S A R T S e
FM0]. B LEARSAR, 2022, 37(5): 1242-1251.
ZHAO Yang, WANG Hanmo, KANG Li, et al. Temporal convolution

network-based short-term electrical load forecasting[J]. Transactions

(9]

(10]

(1]

(12]

(13]

[14]

[15]

[16]

(17]

(18]

[19]

of China Electrotechnical Society, 2022, 37(5): 1242-1251.

TREW], I, FORME, 4. BIE YRR EURHME AT AL 5
RN 5], ARG A, 2023, 47(20): 104-114.
ZHANG Kunming, CAI Shanshan, ZHANG Tianhan, et al. Medi-
um-and long-term industry load forecasting method considering
multi-dimensional temporal features[J]. Automation of Electric Power
Systems, 2023, 47(20): 104-114.

£ OB E B A W, % T ResNet-LSTM [MIZSFIVER /)
BUEI 25 & BEVR R 2 o0 s T[], MR CHOR 244, 2022,
37(7): 1789-1799.

WANG Chen, WANG Ying, ZHENG Tao, et al. Multi-energy load
forecasting in integrated energy system based on ResNet-LSTM net-
work and attention mechanism[J]. Transactions of China
Electrotechnical Society, 2022, 37(7): 1789-1799.

HUANG X Q, LI Q, TAI Y H, et al. Time series forecasting for hourly
photovoltaic power using conditional generative adversarial network
and Bi-LSTM[J]. Energy, 2022, 246: 123403.

a8, RERM, skweR, S T UL CNN-BIGRU &
T2 I 2 (O FE S0 A TN (9], v AR EOR 2022, 48(10): 3935-3945.
ZOU Zhi, WU Tiezhou, ZHANG Xiaoxing, et al. Short-term load
forecast based on bayesian optimized CNN-BiGRU hybrid neural
networks[J]. High Voltage Engineering, 2022, 48(10): 3935-3945.

% B, RieEE, KRR, % T2 R )T 6 E 5
Transformer 125 [ 25 A5 71 1) JXU R BRI DD R IO 0]. R,
2023, 47(9): 3527-3536.

LUO Zhao, WU Yuhou, ZHU lJiaxiang, et al. Wind power forecasting
based on multi-scale time series block auto-encoder transformer neural
network model[J]. Power System Technology, 2023, 47(9): 3527-3536.
4= 51, Bk, #ostde, 45 £ IDSCNN-AM-LSTM 414414
o 5% 8 L S X B D S RN T VA D], LS HOR . 2022, 48(6):
2117-2127.

LI Zhuo, YE Lin, DAI Binhua, et al. Ultra-short-term wind power pre-
diction method based on IDSCNN-AM-LSTM combination neural
network[J]. High Voltage Engineering, 2022, 48(6): 2117-2127.
e, &K R R, B BT ASAEERAE S IRAIREEC]
TRV HA A S AT T s, 2024, 45(1): 13-21.

SHEN Hongtao, LI Fei, SHI Lun, et al. Short-term power load fore-
casting based on reduction of meteorological data dimensionality and
hybrid deep learning[J]. Electric Power Construction, 2024, 45(1):
13-21.

A, RENT, HeFiE, 4 ST QMD-HBi GRU AL HIGIR D
RBTTED]. mAESAR, 2024, 50(9): 3850-3859.

JI Xingquan, ZHAO Guohang, YE Pingfeng, et al. Short-term PV
forecasting method based on the QMD-HBiGRU model[J]. High
Voltage Engineering, 2024, 50(9): 3850-3859.

B OR, X E, WUtER, 4. 3T BIRCH 24 L-Transformer
AT ROCRE I R B DR A ]. m AR ESOR, 2024, 50(9):
3883-3893.

DONG Jun, LIU Rui, SHU Hongchun, et al. Short-term distributed
photovoltaic power generation prediction based on BIRCH clustering
and L-Transformer[J]. High Voltage Engineering, 2024, 50(9):
3883-3893.

ZHENG J Q, DU J, WANG B H, et al. A hybrid framework for fore-
casting power generation of multiple renewable energy sources[J].
Renewable and Sustainable Energy Reviews, 2023, 172: 113046.
KB, ERERON, TR, & ST SOERE RS S £ K
AR R L -SSR B R BN (D). ) SR, 2025,
45(3): 201-208.

YU Qiang, HAN Jingxian, YANG Ziliang, et al. Collaborative fore-



AWK, B . BRIRZE: BT LSS ST A e 220 00 2 PR 501y R D 3 0B N 77 9%

651

(20]

(21]

[22]

(23]

[24]

(25]

[26]

casting of electricity-thermal load based on improved dual squeeze and
excitation and multi-head feature attention mechanism[J]. Electric
Power Automation Equipment, 2025, 45(3): 201-208.

WaE T, WRE, B8, & TR ERHEREXUZ SIS EE
TR0 245 AR () 0 U0 0 SAT TEIN [9]. R LR BR 2024, 50(9):
3914-3923.

DAI Haonan, ZHANG Chenhao, ZHEN Zhao, et al. Short-term net
load forecasting based on temporal-spatial feature clustering and
two-layer dynamic graph convolutional network modeling[J]. High
Voltage Engineering, 2024, 50(9): 3914-3923.

RO, B, TS, S R A R A R R 4% A 4 ] £
I ED]. BARGE A, 2023, 47(13): 78-85.

ZHANG Pengfei, HU Bo, HE Jinsong, et al. Short-term spatial load
forecasting method based on spatio-temporal graph convolutional
network[J]. Automation of Electric Power Systems, 2023, 47(13):
78-85.

#OH, BRIRE, HEE S BTEERMAMLY Y K-means
RRH B SRR e TN [0, FERIEOAR, 2023, 47(10):
4291-4301.

DONG Lei, CHEN Zhenping, HAN Fujia, et al. Short-term load fore-
casting of residential user groups based on graph convolutional neural
network and K-means clustering[J]. Power System Technology, 2023,
47(10): 4291-4301.

SIMEUNOVIC J, SCHUBNEL B, ALET P J, et al. Spatio-temporal
graph neural networks for multi-site PV power forecasting[J]. IEEE
Transactions on Sustainable Energy, 2022, 13(2): 1210-1220.

MA X, PENG B, MA X X, et al. Multi-timescale optimization sched-
uling of regional integrated energy system based on source-load joint
forecasting[J]. Energy, 2023, 283: 129186.

YUY, SI X S, HU C H, et al. A review of recurrent neural networks:
LSTM cells and network architectures[J]. Neural Computation, 2019,
31(7): 1235-1270.

CHO K, VAN MERRIENBOER B, GULCEHRE C, et al. Learning
phrase representations using RNN encoder-decoder for statistical ma-
of the 2014 Conference on
Empirical Methods in Natural Language Processing. Doha, Qatar: As-

chine translation[C]//Proceedings

sociation for Computational Linguistics, 2014: 1724-1734.

(27]

(28]

(29]

VASWANI A, SHAZEER N, PARMAR N, et al. Attention is all you
need[C]//Proceedings of the 31st International Conference on Neural
Information Processing Systems. Long Beach, USA: Curran Associ-
ates Inc., 2017: 6000-6010.

NIZL,YUH, LIU S Z, et al. BasisFormer: attention-based time series
forecasting with learnable and interpretable basis[C]//Proceedings of
the 37th International Conference on Neural Information Processing
Systems. New Orleans, USA: Curran Associates Incorporated, 2023:
3118.

LIU Y, HU T G, ZHANG H R, et al. iTransformer: inverted transform-
ers are effective for time series forecasting[C]//Proceedings of the
Twelfth International Conference on Learning Representations. Vienna,
Austria: ICLR, 2024.

XK

2000—, Z, At

W F 77 1) 3 BEVR D 2 T3 45 Srer T L 4
BRGMMET

E-mail: wb_zhao@zju.edu.cn

ZHAO Wanbing
Ph.D. candidate

P

R H# 2025-04-02 7EZRHRHI  2025-07-18

| BOEGE)

1979—, 5, [+, #%, We
W7 A9 0 N T R B 2 31
E-mail: qyang@zju.edu.cn

YANG Qiang
h.D., Professor

Corresponding author

g ETE



Mk A

HARTM S, BB R AR (B A 2 T3 7
N T R D SR AE 2 TR B B R S AH R AR
B » HFAERI0, 11218145 2] w,,, » P EEHEREAA
AT Agen o T RTmM ORI 1 BRI 8] 551 2[R
MR ARE o, WHARXWT:

T
(o, 55,5
o == - (A1)
T -
X, x,,, A X, 3 NS R m R0 n A I ) R RAE
X, MUX, 73 37 gm Fn i LAFAER A T
NI T RE . BT 1)~ X
1+7,,
=
X, w, B9 B IR AR EAERE 4 TRt 1M
JETHE A BIBEFERE D, IEXE A4 A1k, 1EA W,
IVIGETE . Ws, B HUE BAE M 24 I ZRB Bodid 2
SIEHTRAEE, R AR H & e R IRIEAEO, 1]
Z[8], VLB b fsg e %3l nS it X2 [ FR) SR R OR AR o

Mk B

SR R B VR Dy e LR 2 i 1] Bl
Frme XFREY, wTHFRHEAHE 10 m. 30 m,
50 m FHFE 3L = AR KGR . SRANR I . 0T
fREBEE, AT RRRE IS SRR VAR IR
ACPERIREE . S RIEMEBIIE,

(A2)

KBl A [FIRERLHE P () b
Table B1 Comparison of inference time cost of different
models

i W /s Y W 8]/
MLP 0.001 2 BasisFormer 0.074 8
LSTM 0.028 8 iTransformer 0.045 2
GRU 0.010 4 STGCN 0.074 8
Transformer 0.0552 GCGGN 0.0217

5 — 4k B 51 Fi /pu 3 — 46 AR 117/ pu VA — 6 R R 47 A/ pu

I3 — 46 #4 47 Fii /pu

1.2+

— RH ---- K2 —— KH3

A 1] 5 (18] B% 15 min)
(a) A H

1.0F

1.0

— MR etk —— etk
- KR4 RS —-— HifRe

(b) AR

0.8

0.4

0.21

Ty i
0.61: ¢

—— B
—HLHA 2
....... B 1 B3

1 L
100 200 300 400 500

0
i 1] 5. (18] B% 15 min)
(c) H ffif
1.0r —— AT 1
— A A2
J\ ....... %ﬁﬁ::;

0.8 ¢

1 1
100 200 300 400 500

0
B ] 2 (JE] B® 15 min)
(d) # A4
KIBL ol rh il o s D A< g iy 28
Fig.B1 Typical curves for the source/load powers

in the dataset
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Fig.C1  Raw and filtered data curves for heat load
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