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Table 1 Core requirements for a resilient power system
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Fig.2 Abnormal load behavior of urban buildings in
extreme cases
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Table 3 Comparison between demand response and
tradable energy market

. s T 5 5 fe 16
G ES s o
554 P P
PN ST A 5 P00 R 5
BT (R RS
i i L1+ 7.3
EE e el
BRE TR R AR R

D RCCHR B R RT 52 B BE RN FH T IE A 0 4 1 42
THOFFE o SCHRL 84 1 H — Fh 438 i 7T 22 5 RE I &
G HE SRR Rl oA SURE IR B PR AR S TE D T R L SE
FEBCH Y F D RE  SCRRL94 15T ARE ] 52 5
REVEUHE ZEME & 5 4 A JE LB A o — ATl 7, A
fie 1t T 22 B BE IR T 37 15 T R ) 90 1 R B Rl i
fro BN, AT 52 By RE PR T 3 9K B 4 e H 18 )
S THIIF 5T i A TR A B Be . H AT, W 7 L
Tl WFFEATS LAIE 53z A7 0 B0 T BRI Sy 32, B 0 A5 i
T8 00T BT AL S e AN 2 S ST
Gy i) 4z i FEALEL I3 B A A o i — 2D BIFSE 0 2
BT, [ P I R B AT 52 5y B8 R T 4 42 T e L R
I A S ST HRGE

HEMBERE TR AW LZH ML, B2
ARZST B R] 22 5 BE VR T 7 7 250 8 58 By 1o e 1) PR3
SR, I 7 B R A L AT . e 1R
PIM i 375 14 5 207 oK i e o 2 A L S
BT A 2 LA B 5 A5 S8 IO S = o ek 0
TR AR BES o A M, AT 38 ) R IR T 37 s nT O 5 4R
BT 26 24 52 B0 SOIRAS TR A B W I, 46 J T
JE BN 15 5 0t A, 25 i 8 3k i A T R ) ) R
B, P AT RE S 2 L AR A [] W e i R B 5 o T R
fh 2 A, fie &SR 55 I H I B A K A2 R 5 D A g Tl
Gy i 75 3, LA M AR5 515 P B CSR TE 1 fiE
T et G PO R . FE T LA % 0E, al A2 5 RE TR
A B 58 73 I 2 P 0 S P B R, S B nT AR g
TR A 28T 98, D By PE v X 22 4 A 200 i 58 K i K
52 o TR IE 7 3ok i A DA B 1 O B 0 e
A HERE T, T A0 5 A9 2 IO IR 2 e v B R AiE 6 1
13 5 B T AL E AR BN 2 5T A S
S B AL T DR, S IE A 1) 60 e G A BRI B 22 F ) 52
£, e e x o i G e {1 R R — 25 R T R )
k.

112

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

cBYER -

2.3 WHEREEEMNEEXE(EREE)

I T AR S T H ) C PSS 1 B AL AL 23 114 4 i )
RO Ry LA Ok TR R T B ) 58 B AR B 3T A AR
A R A BB R & I Bl (S iRt T
ISR AR . FEBCHE PR IS B R, CPSS 15 &

R FEEI AR RS S A fE R = S A
P 7 T
2.3.1 RGEEHIEM

Tic, R DR 1) 285 A BT AT D k3 i SR A 5 A
A NN R NN S Rl S b e o TR L A
GE e R ERE B T A JT 456 Py s FidiE i
T TC P 090 S R 32 A7 a0 Y T e R T I AR iy
PR B, R GE K 52 5 W 1 o 5 T L I Y AT s A TR AR
VTR G, PRt 2 S5 T 1 07 FH AT 40 4 2 2 T Ha TR0
GG WA, R TE R I AT A6 R
B Pk 55 AT M T H I B PR A O AR R G
HEEAVE N o AR TC R I R o AR AR AR R
i Bl K 0 A5 B s B T P
BRECE VAR T R BE FT . SCERk[ 10248 B F &
G M S B IR AR R B T KR IR EE T
B FEL O 25 5 2 A B RE B 5 SCRRL 103 158 5375 JE A iy
KA oA 2R WX 7 far (1 v ) SCHEAE T B T
FE T8 S B R A S X A7 A 2 E R B R
P b SCHR R X 9 e L D) R 4 A AR 4 R AT
THBRE A K IEYHZES5EBZMA N
T A P I S AR A

CPSS AT, 3 ri7 a2 505 30T 1T v 9 19 £ 5
A& H. E B TR pe 2 R B A5 B )2 R 258
HFECPSSY . 5 8 4 BB 0915 & N R 51%
& B A2 52 A Ak < AT AT — 0 7 i B 2 A T RE R R
W FEIEAT ARG AT R 1B i — 2 K S TE
MGG R A . — 7 T, % B B B B R BOR
157 P, R — R D PR A )2 A S A 2 ) 555 ke
W A AT 5 G R BN BE ) S S
RASAF B L5, 52w I R 52 e 3R 1Y B itk 5
AR 75— R I IEF s T R ey
JEE M ) SCHE VB E B A AR R E NN ERE S 3
B FEL 7 e 2 i A% R K T BOE AR Y LB AR B rh
W, 5 A 22 A0 B B 2R o A A SR H
5 R 25 Y A P ) S FOR R I T RESY SOk
[104 ] 42 5 —Fh i 7717 B -9 22 & 48 (cyber-physical
system, CPS) % 9 15k i s A5 1Y 55 5 [ 2 Mk 5 W SC
Bk [ 105 ] 43 5 I\ 3 B0 35 55 B 400 25 P A1 X0 T 1] L,
CPS W15 B 2 B AU = At S B 50
BibAT Torir 5 g . iR Cik EE B ESE
K2 ) P R A B iz Tl B S R T

http://www.cnki.net



ROELAE CPSSHLMA IR A 5T BE vl I i B4k B 58 47 - B S0 01 15 e 22

il = Xt AR SUBE 3BT 5 R Ge R A2 07 T AR R .
2.3.2 WIS A R (E B S 4

H A, KEB 53 FH 7 Bl o b B 07 XA R 4 =,
IR S P T R A M A B A A L R M a2
BT, G HR D0 R o0 B T Ak BB AU I
AL T A AR AR, B N 7 R 8 1 A
I T A5 I FR Y = ) A v RO A By SOAS B S
Mo o T g g8 v ML AR 2% 20 B9 B2 R it T ) &
Google fff 52 A BA T 2016 4F p1 S0 2 H T B I 22 )
(federated learning , FL) 4 A A& SCHR[ 108 ]H¢
IR 27 2] AR v SHLAR 2 ) R AT X L, 2 BB B 2%
> Lo A v 32 2 BB Gy M A D RO DI ) A S
BN Dl SYIN S AN

HR 0 2 >0 HE 248 A 3 T A 5 T R DO 4l e e
HE T — T Y B RA R A = TE H OB O R IR
I T A SR iR N 28 B R R 3k 2 B BT SR
PR R UME I Zhat B b B T R AR T AR e
BOHE PR 25 Je 358 FH BE AN 38 S A B | R A7 Jey 400 A5 7
BT, B JR A R R % o TE FEL ) 32 B R G R N s
TS 4 BT A R A B S BERT 4 SR A B S B0, IR [l
ST S P BT ) R AR T AR
- Ml R AP P D P B L A AR e B R
55 B R PR AP ) 8 IR 4 B S 27 > A 1 i rL 0
iz R AR BLECE A R R SR AR i B A AR R —
ol i TR (4 O AR S5 A A7 A B SR O B RA ik T S
[i) 1%

I 2% > T G 0 Pk K 32 B AR P A R e RAA
PE PEBE B T DA BB AL I A5 5 THT o B X ik 2 ]
DX e 7 AR O R B TR AR A AR A X e A B
AN AT A R S BT 2 A B R e T e iR 55 A
B AN 8 SR A T A R0 P B T R R I RE B A AL
B 1k 5 R R BEAh, X BE th A B Y el B ) T
P& &S5 2RI G BRmM. Bar, &
B A SCERIE AT T R T X B g Y B 2E o) 48
Fag T S g X e S SEOML B ok S BELAE & i
LB TR AL R G AT S . SCHR[ 113 XA 2L T X
U (1 R 24 S HEZRHEAT T 2R S X R T X
Bt £ ARG BRI 2 2] W S AR L OF AR T R
PRAE P I | R T A Y kR T R s SCRik [ 114,
116 143 0 R I IX Hedi B R vh iy 22 51 2 LI 5 T
YERUE BRG], Pl 2 R BRI R A o L R T
I 2 ) W AR RO s SCBRL 117 PR B IR 2% 2] (X B
BEHOR 5IREE AL S M S G RN ZRBERE R
[) R i pR T DX A A ol ok 6

H A, 8 20 6 F IR 2% 2] (1 AF 58 R FH 6] 25 3l
5 R B T =X, B[] 25 e B2 o) | 5 BE AR 1R T A 3R

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

H P 58 1 R 35 19 BE FE AN 28 & 18 AL 25 J A 2 A T D
FEL D) 2 T 114 4 J B R R 3T B T A SRR P Ak
B Kt 1 B R 45 R I 2 B 48 1 — O R R AR, 2
R BRI A R P BRI A 2 Ry T SR B T T
T YE P I R P B T R R Rk S PR
AR 2Z (8] Y IR AT AR S S BRI B K AR E
RH 2 (9 BB 0 — 2B B AR T B 2% 2 &k . SOk
(109 J7E 5 AP BRH 2 ST HE QR A0 Bl b, 4 ) — b XA
A R BIL R DA R I AN T 5 Jr) 0 A5E 78 XoF 4 Jmy A5 78 Jo
B 5% W, FE AR 37 FH P BRORA B[R] B 4 - T B B 5 SC
R [ 118 J 4 H — ol 3 1) 57 20 K O 2% ) vk X
of B} 30 (federated staleness-aware, FedSA ) 8.y,
PETE T RETORS B 5 A ARCR o Qi e] 2E B 2 S E
Bl A DX e R AL ) A5 B R A D B T R
SRRSO, I B2 FH 06 B 2 S 203 S S T R
5 C L M Bl U O AR v B 2l S R RA AR A
FE

3 WWEMSERENSHMEMHEESITHRE
ERZ

3.1 ki

5 B 5 BRI T A BRI SR LRI PRC E
P07 Sy B0 S T Y S A AT LA AR T S
IXUIE 7 42 BE 0 i 3 i S0 7 ) L R A A2 0 L
AR 27 R R I R I B £ R O i R R G 1 22 Y
TEER WO B T R A0 R 2 LS AR R T A 2
CPSS. 2k T LR M F 5 70 , 78 30 iy 50 5 Fic vl
D08 g 420 A B RS2 AT 3 — 4R R Bl = 4 TR ALY
IR, 2 S 1 I ) P A 5

1) Wy AR & - 35 i A SRR D B ey 2 5 E L 0z
Frme, HAE B = A e B A 2R AR
17 e 19 Bk = R0 g A AR T 3 il A X SR R AR E
11 A S BT il RE 5 K R T TR A Sl T A LR
BERL . A I T S SR A AT AT D - IE H R G T Bk SR
FE IR LB B

2)FE 2 R - 25 B AL PR O o R e R i AR
PR EAT R Z R AR, W] 52 B e U T 7 0K B Y
Pic gL I 97 ey K A2 ) T RIS PR 9T, H AT A TR
B BL, A A 1 A BREEEAT S A 2% i g pL )
RNGEE B AT R AR AT R

3E B AL - — T i, {7 B2 S A AT 5 ke = 3
515 B2 T Y P 2 SO R GE R AT o B
MRAZ, PR B R 28 i B 4 IE % 18 47 5 5 — Jr T, BR O
7 ) S i RS A R O O I T R SR e T
T 3 (BT T e 5P S e A i s AR AR
S

http : //www.aeps-info.com 113

http://www.cnki.net



2023, 47(23)

4)CPSS LA T HYC HL 199 £ A7 1k 52 5K - i
Pic L 0 972 r K A2 SR AT Jeg BT I F 193 A AR, 4K
W R A R T S O B I DL Rk s G
f9 P A BR B AT O 220 1 5 T 3 1Ak H T R
T, Il s SR G A A S 5 TEC R K A2 A Y 52 2 A
R A A i AR TE R I A K A RS T LA
WAk, BB 5 SBR[ K B T S L i AN W 58 3% |
PP AT N 19 22 500 e T, R R Ay I R R4 5 iy K 52 468
BRI — A mdE ARV REBEE ZHRE
PR B ) B, A 0 BT 5 v 5 T L TR 0 £ K 52K
fift 7 ¥, o ARASE RS A X
3.2 RRARBE

BEXS B [R) i, 4 151 6 HE R I 7, R R m] LA il 4%
Sl T T R TR 0 P i T 3 — S B [ T, A ki o SR A
FC L 19 R PSR 200 4, 20 0l O B A 2 A L =
A BEANT, TR i 2% 1F T Sl i s SR T
A ILBA ARy s (I 50 BE Aty ) B 52 ), T ] 5+
PO 5 P i T ) 3 T S 7 9 AT O A S T S PR
Bt (R L] FE 2 48 , % 18T 458 5 1) ki
SR T R IO 285 A SRR R 8 S A OO - B AR
BYERE) L 22 By WK Bl 1 e 10 4 B R 0 A R R ke B
(BFFE H AR JZia R DU A J5 18 A4 B BE 5, AT
A SLPR THBC F B E H R L IR R G BT
IR W AT N A HLER 2 R R

DSO .3
i £§3fﬁ&’3
L RSO | e =B RmTR)
D mmER R CPSS G i
iy | s Belesimlei N
i\ IR ahdeonk
e N HOD L
4
RN
DOpmpROLR)
R R
| R A BLEA
L ok

@ it 57 S TC L AR A DLERAAT 30 2 50 S e i RO AR 5 A 7
T AR AR A T Az A A
®ig?iﬁb%ﬁ@ﬁﬁfﬁi%%%ﬁ%mﬂ&Hm%ﬁﬁ%
WIRv
O {5 B R P RIS SN | S BERR B ORI A% ) O ik |
X P i T (MR LR 50
6 WHEMARMSMERKERSEN THHHRRE
M R 51 2 CPSS HE 2R
Fig. 6 CPSS framework for post-disaster recovery of
urban distribution network under strong coupling
interaction of urban building load and
recovery decision
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Abstract: “Resilience” is an important attribute of cities in responding to natural disasters and improving their risk prevention and
control capabilities. Frequent blackouts will cause serious economic and livelihood losses, hinder urban development and even
threaten national energy security. “Resilient distribution network” is the inevitable requirement and basic guarantee of
“resiliencity”. The high proportion of building load is the main characteristic of urban distribution networks. The behavior of
building load after power supply recovery is different from that in normal state, which not only puts higher requirements on power
supply, but also provides the distribution network with resilience to enhance its potential. Urban buildings are one of the main
places where users interact deeply with the power system, electricity market, big data, etc. Its coordinated operation with the
distribution network is a complex cyber-physical-social system (CPSS). First, this paper focuses on the load recovery stage of the
urban distribution network and summarizes the problems faced by the current high-resilience coordinated operation of urban
buildings and distribution networks in the physical, social and cyber dimensions. Then, the current research status of the coupling
mechanism and modeling of urban buildings and distribution networks under extreme conditions (physical dimension), behavior
characterization and incentive mechanism design of urban building prosumers (social dimension), and post-disaster situation
awareness and data sharing of distribution network (cyber dimension) are reviewed. Finally, the four challenges faced by the
research on the high-resilience coupling operation of urban buildings and distribution networks from the perspective of CPSS are
summarized, and future research paths are prospected.
This work is supported by National Natural Science Foundation of China (No. 52277085).
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