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Short-term load prediction based on feature fusion for low-voltage distribution areas

WU Han, FAN Yuanliang, LIN Jianli, LI Zewen, LI Lingfei, CHEN Weiming, HANG Xinghua
(Electric Power Research Institute, State Grid Fujian Electric Power Co., Ltd., Fuzhou 350000, China)

Abstract: Load forecasting is an important aspect of ensuring power supply-demand balance in distribution station and has significant guid-
ing significance for the safety warning and stable operation of the power system. Affected by various other factors, the direct prediction mod-
el of the load in the distribution area usually has poor generalization ability and is difficult to meet the load forecasting requirements of com-
plex distribution substations. To improve the generalization ability of load forecasting methods in distribution areas, a load prediction meth-
od based on multi-source environmental feature fusion is proposed. Firstly, the external environmental features are analyzed by principal
component analysis, and the input variables are reduced and corrected to extract the environmental feature components that affect the load
changes in distribution area. Based on the proposed load identification model, the substation load is identified by feature fusion. Then,
based on the comprehensive analysis of the identified substation load and environmental feature components, the proposed load forecasting
model is used to predict the substation’s individual load by feature fusion. Finally, the linear superposition of the predicted results of indi-
vidual loads is obtained, and the load prediction result of the distribution substation is obtained. Selecting the load data of a low-voltage dis-
tribution substation in China for two years as an example, compared with other direct prediction methods, the proposed method s load pre-
diction curve is closer to the true load data curve, effectively improving the accuracy of load forecasting.

Key words: feature fusion; principal component analysis ; load identification ; load forecasting
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ke siil LERPNE Ry (kW M . %
BiLSTM 20.3 25.8
BiGRU 18.7 23.6
i
LA BT PCA+BiLSTM 15.9 21.3
AR 14.1 19.4
BiLSTM 18.2 22.9
BiGRU 16.8 21.0
. i
HAL B4 PCA+BiLSTM 14.7 19.2
AR 13.4 18.3
BiLSTM 12.7 15.3
BiGRU 11.8 14.7
i
L By p— 10.2 13.1
AR5k 9.6 10.5
BiLSTM 16.4 16.8
s BIGBU 15.3 15.4
PCA+BIiLSTM 13.1 13.9
AR5k 12.3 11.8
5 SEE

B C R 15 DX TR JBEAS A2 A8 TR, AR 3C
AT & T HMEPREE I Z R AT 5200, 5 Seid i
PCA SR IOCHEPR TN 28 R, e 1520 B4 19



78 B ® kMg R

084

FRHEAF R SRR S5 6 X AT R 6 Tl Ryl
A R 3 Ff G fer B EA TG 5 9, R AR 3l 9
PREE R AT R3] Gy TN , 5 J e i 207339 47 A
ol BIBC A & DR DAy TN AE R . AHET X 1L
AR AR SCER HH B 7 I AN RERS K 4R AL BER
3 XA 3T A B DR T Ll AR B SR
FARTH G DA TN A VA (S S0 45 2R S A
LS X ARG R, A ) SO X HL
ARG RN WA ERS ViU R oL TS D

Sk -

(1] Zebi JEDR sk 55 %5, 45 . BT 5 U RHE B e IR R 12

ARFMR R AT F B (1], i R G2 A shik,
2021,45(17):99-107.
LI Kun, ZHOU Lai, ZHANG Yongjun, et al. Credibility
evaluation of topology identification results in low-volt-
age distribution network based on quality of measured
datal J]. Automation of Electric Power Systems, 2021, 45
(17):99-107.

(2] RSP, EZW, KA. i) & G0t B A o 25034

5% 7 BT[], d 1 R 8L A Bk, 2004, 28
(17):1-11.
KANG Chongqing, XIA Qing, ZHANG Boming. Review
of power system load forecasting and its deveoment [ ] ].
Automation of Electric Power Systems, 2004, 28 (17) :
1-11.

[3 ] Z0F Wk, TI4E, 55 . %5 18R OGRS i

3y g0 Ay WO LT . FL T R G A B4k, 2025,49(9)
146-156.
LI Fen, LI Yuxin, WANG Yawei, et al. Short-term net
load forecasting considering thermal effect of rooftop
photovoltaic [J]. Automation of Electric Power Systems,
2025,49(9) : 146-156.

(4] BR¥RT, X180, 2R, 55 5T LSTM 5 XGBoost 2175

AL B AT ) ST U (7). AL IR, 2020, 44
(2):614-620.
CHEN Zhenyu, LIU Jinbo, LI Chen, et al. Ultra short-
term power load forecasting based on combined LSTM-
XGBoost model [ J]. Power System Technology, 2020, 44
(2):614-620.

[5 ] VRthRk, 2e5ets  S21E N, 45 . T RS S0if 5 In-
former-Bil.STM ) L 73 S faf T [ J ]. #r1HL 7, 2025,
44(10) : 55-68.

XU Shixin, LI Wenting, PENG Daogang, et al. Power
load forecasting based on SMD- Informer- BiLSTM [1l.
Zhejiang Electric Power, 2025, 44(10) : 55-68.

[ 6] WANG B, TAI N, ZHAI H, et al. A new ARMAX model
based on evolutionary algorithm and particle swarm opti-
mization for short- term load forecasting [J]. Electric
Power Systems Research, 2008, 78(10) : 1 6791 685.

[7] FRbfR. FET Census X12-SARIMA BRI K1 7 7
LY. W RGN H A 3741, 2014,26(1) : 34-38.
QIAO Zhanjun. Medium and long-term load forecasting
based on Census X12-SARIMA model [J]. Proceedings
of the CSU-EPSA, 2014, 26(1) :34-38.

[ 8] WUY C, CHENG Z Y, LI M. Mid- long term system

structure forecasting of power consumption based on
grey derived model [ C]/Proceedings of 2013 IEEE In-
ternational Conference on Grey Systems and Intelligent
Services (GSIS). Macao, China, 2013 ;142—-146.

(9] FMGERE, H5eT IR, % S TR RBUZ X

HL P B S AT 4 T 5 RGeS B ) . W A sl
W%,2014,34(12):106-110.
SUN Xiaolu, XIAO Xianyong, YIN Xinglu, et al. Combi-
nation forecasting based on model availability for district
network bus loads and its system implementation []].
Electric Power Automation Equipment, 2014, 34 (12) :
106-110.

[10] 2N, FhKHE , 2%, 55 . 11 S 5 Bl ek 1

SR () ]. H ) R G A Bk, 2025,49(15) «
133-143.
LI Jiawen, SUN Yonghui, WANG Sen, et al. Ultra-short-
term load forecasting considering missing data in anoma-
lous scenarios [J]. Automation of Electric Power Sys-
tems, 2025, 49(15) : 133-143.

[11] SHARMA S, MAJUMDAR A, ELVIRA V, et al. Blind
Kalman filtering for short- term load forecasting [Jl.
IEEE Transactions on Power Systems, 2020, 35(6) :
4 916-4919.

[12] I ff ZHH , 5RER, 55 filvs 2T R ECHL &

DX BiLSTM i faf BN 753 L) ). RHERS2# 41, 2023, 56
(11):1205-1216.
XI Wei, CAI Tiantian, ZHANG Zhen, et al. BiLSTM
load forecasting method for transformer districts integrat-
ed with multiple influencing factors [J]. Journal of Tian-
jin University, 2023, 56(11) : 1 205-1 216.

(13]  BSCE i, DRI, 45 . 2 TR [T A AR AR A A 30T He
St BELT ] A Bk, 2023,45(1) : 18-20,25.
HUANG Wensi, LU Xin, CHEN Jing, et al. Short-term
electrical load forecasting based on deep regression for-
est[ J]. Electrical Automation, 2023, 45(1) :18-20, 25.

[14] BN 35 R, XIRA, 45 . FET EMD-IPSO-LSTM 5

UEROPTR e SR R R N = P R SR 57 NN
2023,42(1):132-137.
ZHAO Yiming, JI Yuehui, LIU Junjie, et al. Short term pow-
er load forecasting based on EMD-IPSO- LSTMmodel [Jl.
Foreign Electronic Measurement Technology, 2023, 42
(1):132-137.

(15] J5 i, AE R (T i, 25 . BET 5l N TS 23
fift—Z2 TN A — B B L2 Y 5 X ) £
Fr P [ ]. BACHL 17,2023, 38.

FANG Lei, CHU Chengbo, HE Yinghong, et al. Power
load forecasting in station areas based on ASGMD-MLR-
CLSTM[J]. Modern Electric Power, 2023, 38.

[16] WU K, WU J, FENG L, et al. An attention-based CNN-
LSTM-BiLSTM model for short-term electric load fore-
casting in integrated energy system [J]. International
Transactions on Electrical Energy Systems, 2021, 31
(1):e12637.

[17] HART G W. Nonintrusive appliance load monitoring[ﬂ.
Proceed of the IEEE, 1992, 80(12):1 8701 891.

EE RN

S (1985), 55 ARA AN AL, g TR, 3220
FETT 1) AR RES Dl FEL 19 L I 5 D IS R 1Y) ) A ol 5

MREEFI(1996) , 55 , w4 M Bl L, 2 ZEWFE 51
BRERCHL 15 X SEHMEAR T

(REHE K 8 EXR)



