F0%5 F7H
2022 % 7 B

Vol.42 No.7
Jul. 2022

2 9 8 % Wk &

Electric Power Automation Equipment

Fe IR v Al >J ity e H R Sy G A i 5 723

IR FRYRREK
(1. B ALy & A TRNE REpd 5na, /b 22 071000;2. K EAFe s AR ARG, X Z 300042)

S L A R T ALBE 6 Bk T R AR BB KA R e B R B B e, e S, K
Jo FBAN TACTR A I K, A QAT A kA AR I Mk SR B a9 Mk %, A, R ETRA
AL T R B L W IR ok, AR R — A D RT Rk Rt SRl W R LA, s
IR AT R A SR TR 5 S B R AL A T AR E Ik ek R 5 AR A, AR Ik 2 AR e e
AT FAEBAUH, TAAE T 4E 5 % T 4 ol R A B8 B RAC S sk AT R AR, S0 A R, FT 4R 7 ok 4
Jo % TR R O T e R A9 46 3R T AL, BB 2tk AL b A ARAE T S R A $ o @ k8 SR

XA TR EIF R SREGA Pk EEAFEELE L,
KRR R L IRACT 3] S B 5 AT A B RT R R R AR

FESES:TM 761

0 5§

B i B IR BT T ERs 4T IR L RS TT
KNT IR, WAL THOL P ARFFWTIRES ,
TRAFMER , 2 BOT L w IT& il W sty
(ERZ N7 S R N N - = Pl e
SR PR S IR S5 K328 4T B THE F I 25 A 5 B g e
SEES I U ) AT AT 2 PP DR R RO PR T B
BA, HEORE A AT T i O s ST T B e it
M A B TF SR AN BOT R RAE S AR 4145, 8o
A F A9 AR 70 2 IC L T B0 07 B AT | L TR MR
A AF AR AR AT S B, S el 2 45
0 P P DA R 8 DX Bl A ) 2 % £ e e it 2 O AR T
R0, DA T A 281 RS 3 sl A6 1 DR ) 2 P8 AT
ol /b 3o A HL R B Y 4R TG H s 4T B T
M AT S & PR

Wt Sl T A 8 DR 7 ke A R L BE R AR BN
SREE AT X L ) B RO U R TE H 1R
ORI, S5 A A2 2% , e F ik e J 4 A2 Ak
A EVERR TSR A 5 I AR 9 e 1 B
T AR IR T LT H AR X BN
T, R D00 5 A B0 AN B A ) e LR Y B
Je e AR A B A A 5 [ B R T 97 A B 3 )
o R OR 22 B R 0 2 ) A7 A A A3 T R Y
TEN N T RRPATT ik, I R4 W Tz 17
NG %) & SWNYSES P B 25 5 QAR CIE (710 N

AT, D460 5 36 PR SR O ik RECH AR LK

W #s B #:2021-05-29; & [2] B #1:2022-02-22

L H AR B 83 :2022-04-14

EETH: B Mg & A R 8 A3 8 (kj2021-014)
Project supported by the Science and Technology Project of
State Grid Hebei Electric Power Co., Ltd.(kj2021-014)

M ERFREAD : A

DOI:10.16081/j.epae.202204015

O ZRXFEA BRI RN S AL
FHJG 2 2RI DA /N4 3% 225 [ RT3 {1 [ A 1) A2 2 g
Ll 5 7 B EDUR , 31050 7 rp i A2 A R L ik AT 2
U ELHE i B0 25 ST R0 ) 1 2 5 TG Ha, 1Y
PIRRARAS , 52 m T S B 5 A i i . @B Ak
A Z W B bk AR LR ET B A
I A0 P AR e A SRy X BB T A SR A L (Y
e FE, IO 25 235 ) D R 52 % AR B30 1 B B o B 21 6 4
YEIIRE , @R ARG LR IHHC &R0
TEWE R, SERT R, 38 FHME T (E2: e A9 57 A B
EF eIy, H Y BCE N R AR AR, B R ARG
TERWHEAT L . @RANLIY R E A B R AL
BUag [ RS VAR B /1Y A = 7R S i RV ¥ 72
BF AH RS RS B BIEOR , W ST RS 5
TR ATREAS WS, S50 1 D0 A 2 SO D) & 2% | o ]
ORI o A R 58 7 IR AR T ey e (AR DRy
A T 50 G 25 15 2% ) R A 7R i, AR I Tk
RLTRT Ay s sl i /N R s Tl i 5 =X H fR T T F )
HAMATEB TN & P, e LB AR A e G R
R Tra) R, 553 S5 A T DR S T TG 10 e B R A 1 s
RUPEZER , O RERAE K A B i ek 3 3 R HE LA
FfTRSR i o i S R (] 08 i . B AT, R A
SR SRR I v, D 87 i 2 ) LR P AT s . B
o e (i T 7 28 02— RSP G SRR L, & — >
e S A R T R IR S HBGR T
ZNPRS AR, 5 D5 S ARZSTE O, P A SO 17 i
ERAE S BRI N — > 5 JR AT R P 3K 1 B MDP (Markov
Decision Process)"™, W F5# k2% 2] RL(Reinforcement
Learning ) # 18 4 2b ik — [R] &1

e, A SCHR T2 T IR 5 4k 2% 2] DRL
(Deep Reinforcement Learning) ) It B ] 171 fay % {1k
40 T, >R H Dueling TR BE Q (2% DON (Deep Q-



@ L/ AR {7 G-

Fa02k

Network ) 5532 , 55 e HL 0 S Ap 0 3 MR E A7 52
L XRS5 7 BOTF S BEA T4l , 1738 1z e A I
MBI B A E E 5 SR L SRS A T 1
REAULH , JH B T B4 5 2 2T B HE 2R AT B 3 R
DAL HEA TSR, B e 1 Bk BRI SO JE 5
P, 21 TC R 9 S A 5 R T L RIS 25 HY g TR B e
[ W

1 St Htase bz 5 E

SRR )R — A I A W AT S 3RS R
W5, ST SR, AN Wk A 2 e ) B R DL SR s 1Y i
F o BCHL AR Dy sl Al sy > RO BRET , 1Bk — k2 ¢, Al
PAA 8 e M B (3t 24 i IC F R 25 2 18] S, B RE A
B SR A5 RO TF SR A R SRRt in 7 2R 45 |
PREE A RS RS AR P, 3R E S I5 20  RE AR
RIS 2R R Ay > R REAA I B Dy i i A PR
P37 S S PN A8~ PAE A /K I RWNTTITE 1B =47/ L it
G LA ST BRI R 1 R 7R . b v R
li) 25 1 oA HLIAL [ 5 S, D BC HEL IR R S A T SR 2
[ 3 5 P Oh SRR BROR 2 1] 4

KA

_____________________________________ o
| I SN I | Dueling DON  fiE {4 |
Imar| [EV R
! o RS, R
PRIER| | etk F
2T bz AR T
AT e ][]
etz | | R
NERAS o |
[ —— w,,,,,,,,,,,,,_' ,,,,,,,,, f ,,,,,,,,,

BRHR
B SAEiatrsad s SR

Fig.1 Reinforcement learning model for load transfer
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Load transfer control method of distribution network based on
deep reinforcement learning
WANG Guanghua', LI Xiaoying',SONG Bingrui’,ZHANG Pei’
(1. Baoding Power Supply Company,State Grid Hebei Electric Power Co.,Ltd.,Baoding 071000, China;
2. Tianjin Xianghe Electric Co.,Ltd., Tianjin 300042, China)

Abstract: With the rapid expansion of urban scale and the continuous advancement of electric energy sub-
stitution, the number of buses in distribution network increases greatly,the structure becomes more complex,
the uncertainty of topology changing after fault becomes larger, and it is difficult for the traditional load
transfer methods to provide high-quality solution schemes in short time. For that, the load transfer control
method of distribution network based on deep reinforcement learning is proposed. The load transfer process
is regarded as a Markov decision process,which interacts with the real-time electrical and topological data
of distribution network,and controls the tie switch and subsection switch. In order to improve the accuracy
and generalization ability of the algorithm,the pre-simulation mechanism is added to the action strategy for
the algorithm,the proportions of action and learning are adjusted and the adaptive optimization algorithm is
adopted to solve the problem. The case analysis shows that the proposed method can deal with the topology
variation of distribution network under different faults, and provide the optimal transfer control scheme of
load recovery amount,power grid loss and times of switching operation immediately,which is of great signifi-
cance for reducing the outage loss and improving users’ satisfaction.

Key words:deep reinforcement learning;distribution network;load transfer; Markov decision process
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Real-time dispatching strategy of cascaded hydropower stations under

frequent load fluctuation
YANG Yuqi'?*,MO Li"*,ZHOU Jianzhong'?,XIAO Wenjing"*,XU Zhanxing'?
(1. School of Civil and Hydropower Engineering,Huazhong University of Science and Technology, Wuhan 430074, China;
2. Hubei Key Laboratory of Digital Valley Science and Technology,Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: Under the environment of grid-connection of high proportion of renewable energy, how to utilize
the regulation effect of hydropower safely and efficiently is one of the key issues for the safe and stable
operation of power grid. The frequent load fluctuation situation faced by cascaded hydropower stations in
the period of power system transformation is introduced,the aftereffect influence of real-time dispatching for
hydropower stations is analyzed,and the quantitative criterions of hydropower flexibility in real-time scale is
established. On this basis,a real-time dispatching strategy of hydropower stations under the situation of fre-
quent load fluctuation is proposed, which adopts the mode of combining real-time and long-term perspec-
tives and dynamically controlling the output of each period and the water level at the end of dispatching
period at the same time to meet the demand of real-time adjustment. The case results show that the pro-
posed real-time dispatching strategy can enhance the hedging ability of hydropower system against the risk
of future dispatching period under multiple load fluctuation scenarios,and it is more adaptable for the cur-
rent hydropower operation environment compared with the traditional real-time dispatching strategy.

Key words:load fluctuation;cascaded hydropower station;real-time dispatching;aftereffect;dispatching risk
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