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Iron and Steel Energy Distribution Network:

Concept, Architecture and Application

GU Pengfei'-2-3,SUN Hongbin'-?3,XUE Yixun'-?:3", CHANG Xinyue'-?:3, LI Zening'->-3,DU Yuan'-?:3
(1.College of Electrical and Power Engineering, Taiyuan University of Technology , Taiyuan 030024, China;
2.Key Laboratory of Cleaner Intelligent Control on Coal & Electricity , Ministry of Education,
Taiyuan University of Technology , Taiyuan 030024, China;
3.Energy Internet Key Laboratory of Shanxi Province , Taiyuan University of Technology , Taiyuan 030024 , China)

Abstract: In the context of the energy Internet and in line with the development trend of the iron and steel industry in the new
era, this study first proposes the concept of an iron and steel energy distribution network based on the characteristics of the
energy distribution network and steel production, and introduces a new energy supply model.Secondly, the energy network of
the iron and steel energy distribution network is explored , and the architecture of the iron and steel energy distribution network
is structured into three layers: the physical layer, information layer, and value layer.The physical layer includes the material
flows and energy flows of iron and steel production.The information layer consists of situational awareness , security assessment,
cloud—edge collaboration, and other functions. The value layer includes virtual power plants, demand response, and carbon
trading. Then , key technologies crucial to the development of the iron and steel energy distribution network are discussed , and
the necessity and feasibility of building the iron and steel energy distribution network are verified through three typical case
studies. In general , the implementation and practical application of the framework for the iron and steel energy distribution
network have been properly addressed.

Keywords: energy internet; energy distribution network ; iron and steel industry; energy saving and emission reduction ; renewable

energy
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2 SWEkREIR RIS M YK R 224

RTWHZ FEZEMNEZEE Tk 2 B
71N B AP B T JR 5 ) A
21 YEE

Wy B S RE TR S 1 R0 O ) BEEE A . R B ER BE AR

3



555245 (A 327 ) WLt DEL 2025 4F45 288
SRy SR IR v B AL A AR R VK AR BRI 45

OHIRE AR RE R S HE S ) R DL R
A O ST A T 2 B A B
211 REUR 4544

VS B Re IR AR AT, AR AT ol A 2R 77 0
R AR R R R RE R, F RS AR
BN 2 Frn . Bk BE IR I 25 2 ZEALFE R
24 FEVRIMLE LI R Ty

AR B0k R TR0 Je 09 1z ] e 32 B I 245 AR
W2 SRR AR AP R IR B
TR TIE i LR EL IR, AT S (R
T BIRE L A H ATE BN T2 &3E A REE
L HE A ETF R s BRI AR, S e
TERNBRAT AR Z BT

W B R ALl v o T2 A I ) SR SR

L i
K ?%W§ ""
wa v [ Gy |
PN |
Py Gl
mm il ‘ e
G ] ety

E2 $WEkEE
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Table 2 Energy converters in the iron and steel energy distribution network
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Distributed Energy Management Method for Electric—hydrogen

Integrated Energy System Based on Adaptive Neurodynamics Algorithm
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Abstract: Recent years, against the background of the continuous rise in energy demand and the continuous development of
hydrogen energy technology, the electric—hydrogen integrated energy system has atiracted extensive attention in the academic
community. With the access of a large number of distributed resources, the system presents more and more significant multi—
agent characteristics , which brings new challenges to the energy management of electric—hydrogen integrated energy system.In
this paper, a distributed energy management strategy for electric—hydrogen integrated energy system based on adaptive
neuraldynamics algorithm is proposed. Firstly, considering the operating costs and constraints of thermal units, wind power
units , photovoltaic units, electrolysis tanks, hydrogen storage tanks, hydrogen chemicals and other energy equipment , an energy
management model for the electric—hydrogen integrated energy system is established. Secondly, a distributed adaptive
neuraldynamics optimization algorithm is developed to solve the optimization model. The algorithm not only retains the
characteristics of short computation time and speed of the neurodynamic algorithm , but also reduces the influence of the initial
value of the independent variables on the solution.In case studies, comparisons of the proposed method with the solution results
of the centralized method and the alternating direction multiplier method verifies the superiority of the used method in terms of
computational efficiency and effectiveness.

Keywords:electric-hydrogen integrated energy system ; distributed energy management ; adaptive neurodynamics algorithm
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I LA BB R4 (building integrated energy system, BIES) 25 BE4L N #l & & #5857 H AR RE R I s tE ek, 3L
BIES F) 2 eI fie D0 SR M SR A5 IR e o A g ke B SR )RS, 2 1 — R R T Logistic R MWL 5 F 3 I 43415 Ak R 72 4
RE (Logistic—t—sparrow search algorithm sparrow search algorithm , Logistic—t—SSA ) ) BIES oAb 8 7 vk . 5, #Eiar
BIES £ REARAY , H-44 FAL 5 A 805 00 15 8 1 255 5 75 2K i 7 A58 (integrated demand response, IDR) 5 Hiyk , #4 fE JEFK
K HHEAZ M 2% (long short—term memory , LSTM ) 5 1F 8524 2J (transfer learning , TF ) %) 7 A5 754 S S0 R K 24 b (19 67 fuf T 5
SR, 25T BIES ARAL VR AR 42 1 T —Fh Logistic—t—SSA B3k, I FIZ L X R R AT SR fiff s e, S () L2 SR =
FEHTEIDR NS OL T, R Logistic—t-SSA SR fif BIES M L2 175K M, I A 3 He = e S e IR R L i 8 B ik e, BRI
FURAT HIIEAT 2

KB R INLE A BRI ARG LR B W oK 1 s U A 18 BE 5 B K8 s i A% 27 ~1 s AALLIEE 734 s LSTM ; Logistic—t-SSA

HE 5 %ES:TP183 ERARAEET: A XEHE :1007-9904(2025)02-0023-09

Optimal Scheduling of Building Integrated Energy System Based on

Improved Sparrow Search Algorithm

ZHANG Chunxia®
(Department of Mechanical and Electrical Engineering, Jinan Polytechnic of Engineering, Jinan 250200, China)

Abstract: The enhanced coupling of multi-energy supply and the high volatility of renewable energy sources in building
integrated energy systems (BIES) make it difficult to determine the optimal strategy for multi—energy supply.To address these
challenges, an optimization scheduling method for BIES is proposed based on sparrow search algorithm improved with Logistic
chaotic mapping and an adaptive t—distribution (Logistic—t—=SSA ) in this paper.Firstly, a multi-energy flow model for BIES is
established, and an integrated demand response (IDR) model including price—based and regulation—based responses is
constructed.Secondly , a hybrid prediction model is developed via long short—term memory (LSTM )and transfer learning (TF)to
achieve 24 h load forecasting.Then , an optimization scheduling model for BIES is established , and the Logistic—t—SSA algorithm
is proposed to solve the model. Finally, simulation results demonstrate that using the Logistic—t—SSA algorithm to solve the
optimal operation strategy of BIES, while considering IDR , can effectively enhance the economic benefits of the building energy
system and reduce the peak—to—valley difference of user loads.

Keywords: building integrated energy system; integrated demand response; optimization scheduling; data—driven; transfer

learning ; similarity analysis ; LSTM ; Logistic—t—SSA
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Fig.2 The block diagram of LSTM-TF prediction model
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Table 2 Optimal values solved by three algorithms
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Research on Wind Power Prediction Based on NWP Wind Speed

Correction and VMD-DBO-DELM Residual Modeling
QU Boyang!",FU Lisi?
(1.College of Electrical Engineering, Shenyang University of Technology , Shenyang 110870, China;

2.College of Information and Electrical Engineering , Shenyang Agricultural University , Shenyang 110866, China)

Abstract: In view of the lack of historical data and incomplete data of the new wind farm , this paper considers the numerical
weather forecast (wind speed, wind direction) , wind field terrain, wind turbine wake and wind turbine turbulence to carry out
physical prediction for the output power of the wind farm.However, in view of the limited accuracy of physical prediction, the
optimization combination method (VMD-DBO-DELM ) , which is based on variable modal decomposition (VMD ), dung beetle
optimization (DBO) , and deep extreme learning machine (DELM ) , is used to correct the residual error.The original signal is
decomposed into multiple modal functions by the VMD method , and then the parameters of DELM are optimized by the DBO
algorithm.Finally, the optimized DELM is used for residual correction, so as to improve the prediction accuracy.Compared with
other traditional residual correction methods, the VMD-DBO-DELM combination method further improves the prediction
accuracy. It provides a superior solution and ideas for the power prediction of new wind farms, which has important value in
theory and practical application, and provides a feasible way to solve the data problems faced by new wind farms and improve
the prediction accuracy.

Keywords: numerical weather forecast; variational modal decomposition; dung beetle optimization; deep extremum learning

machine ;residual correction
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R,.Y R4S )24 s T o4 25

(9)



JEAAPH , 25 3L F NWP XU & 1E 5 VMD-DBO-DELM 4% 22 #4114 XU D R i AF 5%

"~ ELM-AE
F—NREZ

_ELM-AE ELM
AR wli—)z

E1 DELM#EZRYIZRit 72 E
Fig.1 Diagram showing DELM model training process
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N RYERE s C R IENIML R & H o B2 G i
S YRR T F IR BRUZ B AR AT LA R Ak
T H
y=TH' (11)
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{Frodoeeeadu M AE Ly = {yryaeay) K 2 5E
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NRMSE)H

E
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Table 1 Wind turbine parameters

e Hofl
YIAK#/ (m/s) 3
PO R (m/s) 20
K HLEE IR IMW 3
PR A e /m 110
N /m 78
KA ER/m 156
48 45 e 1/ (1/min ) 1680

4.2 ETFVCPQ-RF IR MLk

S 43 BT R T 2022 4F 1 7 SR A 19 K | 3E i
VCPQ X 44 640 25 K4 i) 52 W (L IEAT 9 Ve ad 8
13 BTE VRS R A& 3 Fra , AT LA S B0 = 2k
BRo MYRUE VCPQ-RF AT A M 2 ds i A &k,
I A FH AR A7 2% K (1solation forest, LOF ) 1% & 528
(density—based spatial clustering of applications with
noise, DESCAN) J5 %7 Uk , & J5 FII 1 RF Al K i 46
(k—nearest neighbor, KNN) B FfHIL5 7 32 6 L34 = F
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Fig.3 Cleaning results of VCPQ for wind turbine 1
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Fig.4 VCPQ method fitting power curve
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Table 2 Power curve modeling results

TG AT E /KW A B

VCPQ RF 34.429 0.999
VCPQ KNN 37.976 0.998
LOF KNN 40.752 0.998
DESCAN RF 40.831 0.998
LOF RF 41.082 0.998

DESCAN KNN 44.425 0.998
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Table 3 Calculation parameters of GA—BP model
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Table 4 Statistical comparison of NWP (wind speed)
data power prediction errors

T 75 1 E i/ % E uuse! %
LR-GA-BP & IF X 12.387 14.365
LR-DBO-BP & 1F Ak 13.179 18.148
KA T R 22.635 27.953
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Table 5 Calculation parameters of wind farm model
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Fig.9 Operation monitoring of each wind turbine unit and

wind measurement tower
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Fig.12 Two dimensional mean wind speed wake loss
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Fig.13 Turbulence intensity
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Table 6 Statistical comparison of NWP data power

prediction errors
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Table 8 DBO calculation parameters
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Table 10 Statistical comparison of NWP (wind speed)wind
power prediction errors based on wind measurement
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o 75 2 Eyui/ % N R, /%
VMD-DBO-DELM 0.790 1.156 98.844
EEMD-DBO-DELM 1.912 3.351 96.649
EMD-DBO-DELM 2.937 4.651 95.349
DBO-DELM 4.765 7.351 92.649
DELM 4.966 7.418 92.582

5 #5ig

SCHAI TP HbR 51 IR A I XU R
WAL A, % R R i i S I 25 2R A R i,
L 0 XU & IE R R B S 2T VMD-DBO-
DELM % 22 & IE A5 R i XU DR 000 7 3 o 1% i
BT A 4 i 1N e =W i B B a2 77173 7o <
Bl LA R 4538

DEEXT KU D i e A, $2 11 56 T VCPQ-RF
T, R FH XL HLZH SCADA Wa il Hh H 3 45 363k . 45
HLZE R T VCPQ-RF )5 W45 3 2 )7 iR 1% 22 fe
N A B S e R T R i 2k, A XU H, ) 3 T
RS S A

2) K CFD 530 XU A Dy 28 Tt A58, SR F A o
k — & i AR S BR 5l 4 Jensen FE AR o 3 5o X
NWP (XU ) A< 28 0 XU & 1E AT NWP (ORUEE ) 28 358 0
JAE A T 4 JRUHR ) 23R 0000 45 SR 2R 45 %6 BE  BiE B 280
B IE R NWPOXGHE ) D3 TS B i 25 42 T

3) X T 3 0 XS & IE NWP (RUGH ) 14 3
L T R FUNORS B, 45 T 3£ F VMD-DBO-DELM 5%
ZE WIS | 55 A 5 25 WAL R LL, S BTt T
2853 I XUES 16 TE i NWP XU ) f) XL HEL T S5 T30 K
JE, S UL ) e 2 R G BE AR 10 A XL R T S T
TR T E I S

44

2025 4755 2 1)
Sk
[1] KO M S, LEE K, KIM J K, et al. Deep concatenated residual

(2]

(5]

(6]

(7]

[9]

network with bidirectional LSTM for one—hour—ahead wind power
forecasting[ J |.IEEE Transactions on Sustainable Energy, 2021, 12
(2):1321-1335.

REZAIE H, CHUNG C Y, KHORRAMDEL B. Wind power
prediction interval based on predictive density estimation within a
new hybrid structure [J]. IEEE Transactions on Industrial
Informatics,2022,18(12) : 8563-8575.

KHORRAMDEL B, CHUNG C Y, SAFARI N, et al. A fuzzy
adaptive probabilistic wind power prediction framework using
diffusion kernel density estimators[J |.IEEE Transactions on Power
Systems,2018,33(6):7109-7121.

WANG J J,LI'Y N.Multi-step ahead wind speed prediction based
on optimal feature extraction, long short term memory neural
network and error correction strategy [J]. Applied Energy, 2018,
230:429-443.

ZHANG H, YAN J, LIU Y Q, et al. Multi-source and temporal
attention network for probabilistic wind power prediction[J].IEEE
Transactions on Sustainable Energy,2021,12(4) :2205-2218.

YU Y X, HAN X S, YANG M, et al. Probabilistic prediction of
regional wind power based on spatiotemporal quantile regression
[J].IEEE Transactions on Industry Applications, 2020, 56 (6) :
6117-6127.

AT, AL IHRR, A5 R T IN A R DG P f IXUF Dl 3 S0
S 5 AL A R GRS R, 2023, 51(6) :94-105.
ZHAO Yongning, LI Zhuo, YE Lin, et al. A very short — term
adaptive wind power forecasting method based on spatio—temporal
correlation[ J |. Power System Protection and Control ,2023,51(6) :
94-105.

AP DR AR, A SRV RE AR 43 A AN 3 18 114 8 e
WAL IR AR B . rL A, 2024 ,48(3) : 1133-1147.

LI Dan, FANG Zeren, MIAO Shuwei, et al.Probability prediction of
ultra—short—term wind power considering unbalanced distribution
of training samples [ ] ]. Power System Technology, 2024, 48 (3) :
1133-1147.

HU C J,ZHAO Y, JIANG H, et al.Prediction of ultra—short—term
wind power based on CEEMDAN-LSTM-TCN[J].Energy Reports,
2022,8:483-492.

XUE J K, SHEN B.Dung beetle optimizer: a new meta—heuristic
algorithm  for global
Supercomputing,2023,79(7) : 7305-7336.

XU K K, YANG H D, ZHU C J, et al. Deep extreme learning

optimization [J]. The Journal of

machines based two—phase spatiotemporal modeling for distributed

parameter systems [J]. TEEE Transactions on Industrial

Informatics,2023,19(3):2919-2929.
DAIJ C,LIU D S, WEN L, et al.Research on power coefficient of



JEAAPH , 25 3L F NWP XU & 1E 5 VMD-DBO-DELM 4% 22 #4114 XU D R i AF 5%

[13]

[14]

[15]

[16]

[17]

(18]

[19]

wind turbines based on SCADA data[J].Renewable Energy, 2016,
86:206-215.

FRIICTE, PR, A 52 IXUHL 37 33 e 500 A2 O R I B b 7
LB RS A Bk, 2014,38(21) :39-46.

ZHAO Yongning, YE Lin, ZHU Qianwen. Characteristics and
processing method of abnormal data clusters caused by wind
curtailments in wind farms [J]. Automation of Electric Power
Systems, 2014, 38(21) :39-46.

YE X, LU Z X, QIAO Y, et al. Identification and correction of
outliers in wind farm time series power data[J].IEEE Transactions
on Power Systems,2016,31(6) :4197-4205.

BAI J S, PERRON P. Computation and analysis of multiple
structural change models [J]. Journal of Applied Econometrics,
2003, 18(1):1-22.

DE GREGORIO A, IACUS S M. Least squares volatility change
point estimation for partially observed diffusion processes [J].
Communications in Statistics — Theory and Methods, 2008, 37
(15):2342-2357.

HIOE AR, 2, XS0, A5 — DU A3 AR DA A GMCT, 1)
T A e 20 88 b R, F T L] el Tl B, 2023 (3)
171-175.

GAO Yadong, LI Guan,ZHAO Lifeng, et al. Application of GM(1,
1)model optimized by quartile method in high risk slope monitoring
[J]. Urban Geotechnical Investigation & Surveying, 2023 (3) :
171-175.

ZERF, SR, WRIRAL, A5 BT AR B ] U 4 22 1 2% R AL
ARMEE R HLAL D AL [T ] b R AL TR 4l
2021,41(2):409-415.

LI Wei, WU Kaiyu, CHEN Jianhong, et al. Output optimization of
nuclear power steam turbine based on nonlinear autoregressive
neural network and random forest algorithm [ J].Proceedings of the
CSEE,2021,41(2) :409-415.

CRASTO G,GRAVDAHL A R.CFD wake modeling using a porous

[20]

[23]

disc [EB / OL]. https://www. researchgate. net / publication /
237755001_CFD_wake_modeling_using_a_porous_disc.pdf.
SIMISIROGLOU N, POLATIDIS H,IVANELL S.Wind farm power
production assessment: introduction of a new actuator disc method
and comparison with existing models in the context of a case study
[J].Applied Sciences,2019,9(3) :431.[ LinkOut ]

SRHE, KPR, ol [T, 25 . T BOE 19 Jensen 150 2 30 K (ELAEE
UBFFE ()] KPAAE4) , 2023 ,44(6) :509-513.

ZHANG Ping, LIU Hongwei, ZHANG Guofeng, et al.Study on wake
numerical simulation based on improved Jensen model [J]. Acta
Energiae Solaris Sinica,2023,44(6) :509-513.

YAKHOT V, ORSZAG S A, THANGAM S, et al. Development of
turbulence models for shear flows by a double expansion technique
[J].Physics of Fluids A : Fluid Dynamics, 1992,4(7) : 1510-1520.
DRAGOMIRETSKIY K,ZO0OSSO D.Variational mode decomposition
[J]. IEEE Transactions on Signal Processing, 2014, 62 (3) :
531-544.

BAI L B, AN Y Q, SUN Y C. Measurement of project portfolio
benefits with a GA-BP neural network group [J]. IEEE
Transactions on Engineering Management, 2023 ,71:4737-4749.
TG TRB, G AN I A D R B R 22 E5 S PR TR [T ).
LR SEA Bh1E,2011,35(12) :20-26.

XU Man, QIAO Ying, LU Zongxiang. A comprehensive error

evaluation method for short — term wind power prediction [J].

Automation of Electric Power Systems,2011,35(12) :20-26.

e B #9:2024-06-05

fzm

HH#A:2024-08-10

BN

JEAFTBE (1991) , 38 175 1 % (1255046328@qq.com) , 5, i+ 1E 3,

ERWITET 5 B REIR L RS IE T 5

A28 (1964) 5 14, S, W55 1n) R B eI L ) R ¢

MALIZAT

(WwAE% . FRIR)

45



WLE & YA
o552 (s 3271) SHANDONG ELECTRIC POWER 2025 4F 45 2 1

DOI:10.20097/j.cnki.issn1007-9904.2025.02.005

BR8P R — I YRS A% 2R i I RUBRIDE & RSz DAk
(it ¢ e
T B EEAVEKXELEERELEIAA?
(14egeh AR B A TRAS EMAE LA EMN 25680052, 4480 AL BAFRAE LA Fd 250014)

FEE B UL I i B C B Y 8 T DR AL IR AL, 25 FE KUK I 6 28 490 00 XU s i v ) — R 2% A% 55 M RILRL , 2 th T B I
F I ER 1 RAH IR 32 G s o KAk 1) it B T 2 0UZ P AR ASE TR o 1 FE 78 ] iy 1 XL ) 36 0l b 2 25 s ] R
CH AT RIS A, LA 3RS T i REE R i K H AR , 45 H i e I HE A7 FER S (state of charge, SOC) 1145 T 23k
T 2R 2 1 SOC TR, S0 b (] RUBE CH ) KUE D)8 30 sl e | 25 TBS ISR R 1 — DGR M 525 0L
ST AL i i Sl VR U 25 e AR | AR RE R i S o SR s A% ST A it B I 2 225 S P, 81 FH A A 1 U3
AEBETY | AT FIRE A 1L 3R 28 -8 S kA0, LR 5 % JEOR IR S BUGE RE I |, 1 8 UBEIE & R LIl a5 i R T AR REC B 4
o BB HT IR XA TR AE A /N0 I S, XU R 37 38 3 T S b A R R T — RS B iR 95 B
AR e BT A XU 7 i BE A e S TR I ¥y 2k T A SR T KU IR & R G 4 55302 o

KGR WUAETR A R G5 W IN AL AR REIC B — WA W LAk

hESES:TM614 CERFRERD: A XEHS :1007-9904(2025)02-0046-09

Optimal Allocation of Energy Storage for Profit Optimization in
Wind-storage Systems Considering Primary Frequency Regulation

Examinations
DING Yang",TANG Peiquan',ZHANG Wenkui', WANG Fujing?, WANG Junjie?
(1.Huaneng Shandong Power Generation Co., Ltd., Binzhou Company , Binzhou 256800, China;
2.Huaneng Shandong Power Generation Co., Ltd., Jinan 250014, China)

Abstract: The economic optimization problem of energy storage allocation for wind farms is addressed by considering the
primary frequency regulation assessment and compensation mechanism within the grid—connected standards for wind-storage
hybrid systems.A bi-level optimization model for maximizing the profits of the wind-storage hybrid system , which considers the
grid—connected assessment requirements , is proposed.Using typical weekly wind power data, the upper—level model, based on a
long—term time scale, aims to maximize energy storage arbitrage driven by time—of-use electricity prices and determines the
optimal State of Charge (SOC) plan.The lower-level model, based on the SOC plan determined by the upper—level model,
targets the short—term wind power fluctuation characteristics and considers the primary frequency regulation compensation and
assessment mechanism to establish a model for maximizing the profits from energy storage actions in the wind farm.The genetic
algorithm is used to generate a population of energy storage capacity configurations , and the constructed bi-level optimization
model is called to perform selection, crossover, and mutation iterations on the population.By comprehensively considering the
characteristics of different types of energy storage , the energy storage capacity configuration that maximizes the net profit of the
wind-storage hybrid system is determined. The case analysis shows that for the application scenarios of different annual
utilization hours , the wind farm has good profitability by configuring the lithium—ion battery energy storage system to carry out a
frequency modulation auxiliary service. The proposed method of optimal allocation of wind farm energy storage capacity can
effectively improve the economic benefits of the combined wind storage system.

Keywords:combined wind storage system ; grid compliance assessment ; energy storage allocation ; primary frequency regulation ;

revenue optimization
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Technical Analysis and Review:

Ultra—short—term Photovoltaic Power Forecasting

WANG Shibo!, WANG Kai2,SUN Shumin!, CHENG Yan', WANG Nan!
(1.State Grid Shandong Electric Power Research Institute , Jinan 250003 , China;
2.School of Automation , Southeast University , Nanjing 210096, China)

Abstract: To address the global warming and the energy crisis, the new energy industry, represented by photovoltaics, has
experienced rapid development domestically and internationally. However, the intermittency and uncertainty of photovoltaic
power generation pose serious challenges to grid and power systems.Accurate photovoltaic power forecasting can provide a solid
basis for the grid system dispatch , thus improving the operational stability. This review focuses on ultra—short—term photovoltaic
power forecasting technology and discusses five aspects, including factors influencing forecasting accuracy , evaluation metrics,
forecasting methods, comparative analysis of methods, and a summary and outlook. The forecasting methods are further
categorized into four types based on monitoring data at the site, the satellite images , the sky images , and multi-source data.For
each data category, a summary analysis is provided including applicable forecast scope, data characteristics , commonly used
data sources, and relevant technologies domestically and internationally. The method analysis compare commonly used
prediction models and summarized the advantages and disadvantages of different data sources.The concluding outlook points out
the key technical challenges that need to be addressed in future ultra—short—term photovoltaic forecasting.

Keywords: photovoltaic power forecasting ; ultra—short—term ; satellite image ; sky image ; multi—source data
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Table 1 Common sources of satellite cloud imagery data
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A Single—phase Grounding Fault Line Selection Method for Active
Distribution Network Based on Synchroextracting Transform and

Convolutional Neural Network

ZHAI Leqing, LIU Yiqing”", WEI Yuanjian, XU Feng,ZHANG Chenkai
(School of Electrical Engineering, University of Jinan, Jinan 250022, China)

Abstract: Connecting distributed generations to the distribution network leads to changes in the amplitude and phase of the fault
current during single—phase ground faults. The existing time—frequency analysis methods have low resolution, resulting in low
discriminability of fault characteristics. Therefore, the accuracy of fault line selection method based on time—frequency analysis
method and convolutional neural network is still low.A grounding fault line selection method for active distribution networks based
on synchroextracting transform (SET) and convolutional neural network (CNN) is proposed. Firstly, the mechanism by which
distributed generations affect the characteristics of single-phase grounding fault current in distribution networks is theoretically
analyzed.The zero—sequence current, which is not affected by distributed generation, is selected as the basis for line selection and
it is processed into a time—frequency image by synchroextracting transform.The feasibility of using synchroextracting transform
and convolutional neural networks for fault line selection in active distribution networks is analyzed.A complete flowchart of the
proposed method is designed; the evaluation indicators and verification experiments are described ; the verification experiments
and comparative experiments are implemented.The experimental results show that under conditions of high resistance faults and
noise interference, the proposed line selection method has a higher accuracy rate than existing methods, with an increase in
accuracy of 3.09% and 4.12% respectively.

Keywords: active distribution network ; single—phase grounding fault line selection; synchroextracting transform; convolutional

neural networks
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CNN #& AU n . n, n, Batch size . Learning rate
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0.000 1, Batch size b 16, Iteration - 25,

&1 CNNHEHESH

Table 1 Hyperparameter settings of CNN structure

254y HMBH Hf
HBIZ 1 BRI 20
SN 3%3
T R AL ReLU
WAL= 1 WAL T 1 T 3x3
HBIHZ 2 EAV AR 20
ES v N 3%3
T R AL ReLU
WALZ 2 WAL T T 3x3
EHRUZ3 BRI 20
BHRHI RS 3x3
T PREL ReLU
WALz 3 WAL T 1 RS 3x3
AR 1 Mz T4~ 6
TG R Softmax
AR 2 Mz T A~ 6
T R AL Softmax
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Table 2 Comparison of line selection accuracy with noise

T NIRRT LR %

ek ik \
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Table 3 Comparison of line selection accuracy during high

resistances fault
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WF-CNN 86.27 85.58 82.15
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STFT ~CNN 93.36 92.45 88.33
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Table 4 Comparison of training time for different deep

learning methods
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Table 5 Comparison of line selection accuracy of different

deep learning methods during high resistances fault

N [ 3 9 B R TR % %%

Fik
10000  1500Q 20000
JIT 4 Iy i 96.45 94.51 89.70
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Table 6 Comparison of line selection accuracy with noise

based on different deep learning methods
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40dB 35dB 30dB 25dB 20dB
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Active Distribution Network Bi-level Planning Based on

Hybrid Seagull Optimization Algorithm

FANG Lei',SUN Guangliang', GUO Xiao**,SUN Huazhong', WANG Juanjuan'
(1. State Grid Weifang Power Supply Company, Weifang 261021, China; 2. Tianjin University, Tianjin 300072, China)

Abstract: In the new power system environment, active distribution networks benefit from a variety of flexible resources. By
integrating and planning these resources holistically , cost—effective , safe , and stable operation of the network can be achieved.
Considering the influence of various distributed energy sources and demand response , a bi-level planning model is constructed
for active distribution network. The objective of the upper level is to minimize the annual composite cost, while the lower level
focuses on minimizing system network losses. To solve the upper level problem, an improved seagull optimization algorithm is
introduced , which possesses stronger optimization capabilities and higher solution efficiency , while the interior point method is
employed to address the lower level problem. Simulation results of IEEE33 system show that renewable energy consumption
increases by 18.07% , network losses are reduced by 51.29%, and the total system cost decreases by 7.59%. The proposed
algorithm demonstrates superior performance in solving this model, achieving a 147.37% improvement in efficiency compared
to grey wolf optimizer, and reducing the total system cost by 1.91% through optimization. These improvements suggest that the
proposed model and algorithm significantly can enhance both the reliability and economy of active distribution networks.

Keywords: active distribution network; hybrid seagull optimization algorithm; bi-level planning; distributed power; demand

response
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Table 1 System economic indicators
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Research on Fast Self—healing Strategy for Local Feeder Automation
ZHANG Linli", LI Jianxiu?, LI Lisheng', LIU Hejin',SU Guoqiang'
(1.State Grid Shandong Electric Power Research Institute , Jinan 250003, China;
2 State Grid Shandong Electric Power Company , Jinan 250001 , China)

Abstract ; Traditional local feeder automation (FA ) adopts voltage—time strategy , which results in multiple switch actions and
long user power outage times during fault self —healing, including fault section isolation and power restoration of non—fault
sections. A fast self-healing local feeder automation strategy that can significantly reduce power outage time was proposed for
solving this problem.In this strategy, the segmented switch eliminates the function of opening when voltage loss, and adds
functions such as fault detection, acceleration opening after voltage loss, short—term power opening following voltage loss, and
accelerated opening with locking when closing onto a fault. This works in cooperation with the reclosing of outline switch to
complete fault self-healing.Compared with the traditional voltage—time FA strategy , this strategy can reduce one reclosing of the
outline switch, effectively reducing the number of line switch actions and fault outage time.The correctness and feasibility of the

proposed fast self~healing strategy have been verified through true—to—type platform system testing and practical application.

Keywords: feeder automation (FA ) ;self-healing; power outage time ; power restoration ; reclosing
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