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Abstract: In response to large—scale power outages in distribution networks caused by extreme disasters, as well as the low efficiency
and limited resources of traditional repair methods, a cooperative post—disaster repair and restoration strategy considering the
spatiotemporal uncertainty of electric vehicles (EVs) is proposed to guide randomly distributed EVs to actively participate in the
restoration process. First, the disaster—affected area is partitioned based on Voronoi Diagram (VD) principles, and a generative
adversarial network (GAN) is used to generate the initial location sets of EVs to characterize their stochastic distribution after disasters.
Second, a power supply incentive mechanism integrating charging contribution and economic benefits is designed to enhance EV
owners’ willingness to participate. Subsequently, repair crews and EV resources are coordinated to establish an optimization model
aimed at minimizing the comprehensive post—disaster repair and restoration cost of the distribution network , thereby achieving optimal
fault repair and power recovery. Finally, a simulation validation is conducted using Xinyi City, Guangdong Province, affected by
Typhoon Saola in 2023 as an example. The results demonstrate that the proposed strategy can effectively shorten repair time and improve
restoration efficiency.
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Fig.1 Model framework diagram
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Fig.3 EV initial location generation model
Py :// Mm, = W, // T+ T/A(C, + Cg -2 C,Cg) (3)

XA Py N FID s, N LSRR ARSI s, 22
TEAFSEREALIE T, (+) HH LB E ; C, hILIAT
SEREAR 5 225 C, L AFIEREAR D 5 225 2 T E AL
FEA G
2.3 fHEBEHLE

NRFHIREE ESH G KRG MR IKE
1 RS, AR T P Bl IR T T R A SRR 5 2 0
R g EL SRR A A R L, £ 57 4 (4) R
AL AL SR ML

R, =a TP (4)

AR, AHRETE m BRI s o, iR R
R s o S R O bl ss s T M HLBh
POA m AEBEHL T & TSR B IR E) 5 P D BB A ST
HIIR,

3 HIMREFENENREIREHREHEE

3.1 HtrE#
HL B0 VR 22 B[R] 19 0 5 A8 K O A AR L) K D
HL M 25 B A B AL A B Al B, E 2840 B 5l
TRGE R RAS A& BRI BE A F 2k i g i A 5
334y, M (5) iR .
min C* = min( C* + C*" + C"*) (5)
A Co L 25 BB IR I AR s € D HL )
TR LA 5 Com A8 TR BE A 5 € g 2k
B A
H Bl VR 4 At L A i A R g VR A I F )
T, = (6) FiR o
co = i}Rm = Ei}alT;‘:"P” (6)

o L O ENAGSE  H i SR e T 50

I s AT RE ) AEAE AN 8 1 L S TR SRRk
FR I 5 ) B A R R0 v M DA il 2 A K A 1 S B
TR, Sy, A SOk T b I Ry R AR B A2
P DAL B9 S5 22 8 245, R Dijkstra 53501
B AT AR I LB AR K B R 18 B

010

Smart Power E3EE87]



2025 253% ZE10H] Vol.53 No.10

Digital and Intelligent Technologies for Power Systems

BERREBN RS

A B A A% AR AR . 08 BT B AT ¢ 3R
PSEWIE

Clem = iﬁ)iazyand[’/ (7)
i o

AN ARG L0 NI BMLEE e, A
SRS R 2R R R R R B A DR R R AR 5y, R DR
AR BB n 2 i AR AT Y R,
SR Z BB

e FL 1 9 T PR A2 W B 2R B 4y JRUAR ] AL O 2%
T BT Bl R T AR 22 DAL R A O, ()
J7R .

¢ = 310,z P (8)

A TRIAEWRIL T A I B s 0y S HLHT B A 26
AT D3R5 R AR AR 52, 1T OIS AR HE, 4

TR AR o B ZIRPIRES s Pl VAR i 7E o BRI R
TR o

32 HREH
321 wHEEL R

Hh B0 2 I e O ke 2 1 TR B, 75 6
{514 3090 A A S A P U G5 R R A
Fl M R LA ARSI, B R T 2o
ENC

T < e 9
ot sep, S BN m BT kB B
el B m BT O K AR
HL 02 D0 AR R A8 i 7
il FLEIE R AR A R (10) B
Py, < P, (10)
s Py, BT o I AL Tk R
AT DN g B ¢ 2 Ak
UEES S
36165 A8t oL 3 ol B 9 O R s 24 R
X (11):

T T

D= D00, (11)
S e MBI m e ¢ R 7 Sk

kslo HEEIRGE m AE ¢ 2R B AL T £,
HL B0 V2 2 5 18 At 10 B IR 3 e

SR N (12) B

(1 =y, M™ < | T + Toe + T (12)
Aoy, HPSRAR R, FOR KT m R A
P BTEE T s M R SR A A B AR AR T K

HLENTAZE m 3K 5 0 ] T L EIA G m
TEAT i i ARIEPTAE 2RI 8] 5 7ot AL B SE m BTy
R BN BT AR TR
322 #AEBAEL R

TEICAEAT 55 43 Be H , Ry 1 O 36 18 DAL A i —
PECOT T B LR AR A 1 S BMRLAR S, 6 &
BT E—PE 2 o a2 (13) Fios

Dk =1 (13)

Aol A R G AME 0 BEEL.
IEAN , 4616 BA AT 7 55 5 8] B4 7% 30 6 A2 75 Tl
JEsE e, AR = (14)—=(15)

N
Dyl =« (14)

N
Dyl =al, (15)
J

18 BAAH S 5 06 48 e (9% B (i) 107 3 R 3 2 1
AL (16) .
(1 = y% =M™ < |TE + TR + TR (16)
Ao Mt I IS IR ; TR A S AR
n BRG0G0 BIIE] s TS B AR n ZE95 21§
FAB AL TR ] 5 T8 R B AR n 777 80 3 301 A5
e gt
Fo 15 B AR T 22 5 G T fEL IO JIT A 00 5 ) 3 15
WA AR A= (17) R .

Eixlﬁ" = n™" (17)

™ Ry KUK T P B o A
323 MARAR
e H, P 3 1 7 B 5 s 7 Tl A D) R 2 o,
ek 0P,
Pl+ Py =P =P =0 (18)
Qi+ Q™ -0 -0"=0 (19)
K P QR Sy T A TR 2T A A T

IR B D)2 5 eI 2 P, Qi 43 R 49 A i
TE ¢ N 20 2R A7 far D3R 5 JC I R A far D38 P,
Q43T A 1 AE ¢ BRI Bt 5 e
LR 2R DR N 2 B R BRZ a0, X (20) —
A (21) frzRP:
| P! < Py™ (20)
Q] < Q™ (21)
APy, Qe 43 A 2 A ) E RS o

E0EEET] Smart Power

011



HEBARSBNRSE

Digital and Intelligent Technologies for Power Systems

2025 253% ZE10H] Vol.53 No.10

DESR N
5 LA B3 A 1 R
0< Py < P (22)
0< Qs <Qm (23)

AP, Qe 3 T L BT A LA S T b
RS 1 BRR .

4 BBt

2023 4 9 J1 2 HEE 9 55 KR (2023) %kt
HRAE 15N R o A T L I, R R R
ik 8.72 476, BEHUZ R EE N AR AR B AL
WP TR 4, L FL I 28 i D4t 8 5 TEEE33 7
SPRUENN R G A o AR o 38 b2 X S B
e 5 S 2 D R A, A A e L Bl R
1 B3 M T R, 5 AE PyCharm ]
Gurobil0.0.3 SR ff X iZ BRI UE A 73R A
41 SHIEE

7 MR (2023) 3 B A4S {5 BT i R 2 Ab
P fEE T RGEBEE LA E 4 iR . 7E IEEE
33 WML RGP, AR 13 A RRBET L3
SR T R 1 MBI A& . o, 13 4>
JC, DO A 5 s T 2 1 BT, L SR AR AR R 11 2 B
W5 14 A5 20 T2 31, B B & 5 A
T 3204,

¥ st

@ Bl

Tnt HRAEBMILH %

B4 FEEMREHERER
Fig.4 Power system fault scenario in Xinyi city
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