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Abstract: On the premise of ensuring the reliable service restoration of the active distribution network and in order
to realize the interest balance between the power supply side and the user side, a game strategy for active distribution
network service restoration using multiagent systems (MAS) is proposed. In order to consider the influence of the power
grid and power consumers to service restoration, an MAS composed of the power grid agent, the user general agent and
the coordination agent is designed, and an information transmission model of MAS is built. Then, the interest functions
of the power supply side and the user side in the recovery processes, the space of recovery strategies, and a cooperative
game recovery model taking the power grid agent and the user general agent as participants are established. The power
grid agent and the user general agent are performed by distributed parallel computing with improved ant colony algorithm
and the statistical method respectively. The coordination agent takes the common interest function of both sides as the
optimization objective, and the recovery scheme satisfying the Nash equilibrium is obtained by iteration algorithm. This
paper takes IEEE69 node model as an example to solve single fault and cascading failures, and the effectiveness of the
proposed strategy is verified.
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Fig. 1 Multiagent recovery systems architecture
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Fig. 2 Information transmission model of MAS
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Fig. 4 Flowchart of service restoration using MAS and game
theory in ADN

6 HH5 M1 (Case study)
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Fig. 5 Improved IEEE 69 node distribution network

DG2 DG3

1 RE R RATFR
Table 1 Load level of lost load

SR ig G

3,4,5,16,17,18,24,25,26,29,30,31,
32,36,37,44,45,46,53,54,61,62,63

2,9,10,11,15,19,22,23,27,28,33,

NI 571 T —
38,40,43,47,52,57,60,66,67
. 6,8,13,14,20,34,42,49,51,55,59,
- 64,65,68
XA Tt
RS 7,12,21,35,39,41,48,50,56,58,69
(30%14%)
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6.1 FREPK & B #J(Reconfiguration of single fai-
lure)

B ¥ S I 1415 % AR B, R B D D 80
1300 kW. {5 2 REACTRI R A Bl AT, R ihads SN
R FR SRR B b R g 2 4 TR W2
TP AR A B IR, TR RS A% 21 L A
BN EACH,

1) L ACHLR S SRS A R

oA sCHIEARER R S B T DGH M AT LA
2L, HLomAMIE s, K IEDG1AMDG2#E M iz
175 1T DG3 Ak Tl e 2k L IX, AR 4R SRR [11]7] %,
DG3 A A LIS AT

FEORARHE: i T3 1415 1 R Ab e A s, AT
ER14-15_E 153 BOT RN ZSE R W I BT R4 IT
K25 R I ERAHIE, & T —JCRF L, Mizkt
TPEIRES, T HAB3 SR L TT R PR A ATl 5 4y
BOTRIRSAHEL & .

TREARBE R DR AR E T 3, XA R4
AR AR AT VB, AR D AT 27 H AR S AR A
BRAZ.

PR DX AR 8 P e P IR B0 R T [ AR B
BEAT WAL, X DAL SRS HEAT 4, 45t A AR
VR SRS AR AR 2 Pz, PR BRI P A CEE.

k2 wRREAYIR TR E
Table 2 The restoration strategies set of PGA

Wi A e W/ B EL %?%éf]f’ﬁ
kW p.u. RE
BIFR14-15,
45-46, 50-51WrFF, 88.3410 0.9443 6
BRI R2, 3, 4H1 &
BT R8-9,
10-11, 14-15W7FF, 105.8434 0.9321 6

IRERTT KA, 2, 410 &

SFEFFR10-11,
14-15, 50517, 129.8256  0.9370 6
BRI, 2, 3HI

2) P EARERYK T SRS AR AR .

HLSYR AR ph T Bs 5 (A L FE Y 2K FE A ThT
2 1300 kW, 1l DG FIR M2 R 500 kW, [Fitk,
EVARHA 75 EE 7850 Je Bl L BNVR 4 70 HUAE N F X L
L BYVR G AR B I S A — e M B AR 20 B FL BT
R RE THIREA T A BOR . A 505KEV H P AR )
Z 5 A B R S5

Al Fm AR EE: EVAIDGA] 9 25 8700 kW,
1545 600 kKW I H 738k 11 75 2235 A2, (R, 22 /0 75 )
600 KW AT #2 Ffap. 3 L, AN [R] Gagmr 55 s AN [ 1l
Ve = A R S M WP S s R 0 eI B R AR I IR/

A/INT600 KW BTG W] IR A mr 2677 22, At sk
AR 2, SNk F A A%, DRI AT 3 A7 AT )
A B d /N 77 SRR

ANATHE AR i HARAREZ A R, 15
R L ) A P ik P A P2 AR K, ANTR E IR AN ]
AT

F P SACEE: Tl Gt AR B L S AR
(1) AR, B N3P SR, WER3 PR, 43 milnt
i b SR W ST V9 RS AT, 3K R S 1
3 9°N99.211%, 99.223%, 99.221%, 74 3K, Kk,
P AR 2 s A b AR A,

&3 AP EREGKEREE
Table 3 The restoration strategies set of UGA

AT ANATEE A EVE

R SRR AR SR fRHE BT/
kW p-u. kW
MR 57, 12, 21, 39,
48, S0 AR I3, 608.43 0 200
Pl AL
IR 7, 12, 35, 39, 48,
50, 56, 58, 69 A #EEE  599.31 0 200
a5, TR AR
I 7, 12, 21, 39,
50, 56, 58, 69 AT#EEE  600.63 0 200

9y, RSN S A

3) AR SRS A .

PR B AR IR A P B AREE IR E TR,
7330 i P Sk = TR LB SO R A R IR R %,
RN AR . P EAREE LL23) i KAk A B AR, KA
PR 2 R AT AT e A AR 2R VSR, Blw,, wo,
ws, wa 7T H0.21, 0.35, 0.32F10.12, fix & 3K 15 77 =4
NGNS . R P R B R it U] B e 1A% 5 2k
FT VI ST e, SR FH SCHR (18138 I K 52 S mes Xt %
B LI EA T B A4, 15 BRI 7 R IFIRE S 3R 4.

PR AT, PR 2 18] IR O b ik 52 7 ST i A L
DR P BT B R 28 38 3K, H 2 WS LA 48R AT A,
J7 AT RE I HL A R o B R A, LT XK
B R4, B — 55 NREE I8 L U8 Sms kA4 fr
BZ5 NHR a5 s B8R AR, R, 0k 2 5 ZR1K
YA ST A K4 T7 SRAFISCHER (18180 5 J7 EAH LA,
FH T SCHR (181 AT $ MK 2 SRS 0 78 43 25 & 7 A )
25, PR AR T A P AL, RS HAFE R T TS, AN
T PR 5 7 O, AN e
W (] ()R 2. K AR SCRT Rk 52 S ms 5 Sk [18] e
PR WS AT B (0 B 2 7 RIEAT R 2 A, o g
FUNRSHR.
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Table 4 Space of service restoration strategies

L, REM 4 R, e EVALE
. ‘ [E TR BAK o AR
ES RS W B BV R S I% HINT

WEAW KW

SYEIT R 14-15, 45-46, 50-51 KT,
ES BERTITR2, 3, A4, BT 407, 12,21, 502142 608.43 0.9601 6 99211 200
39, 48, S0 AT EH 7, FlART s AA AL
SYBIT548-9, 10-11, 14-15W17T,
FE2 O BREEITL, 2, 4MA, BT A7, 12,21, 59.4541 608.43 09496 6 99.211 200
39, 48, SO AT4EER Sy, FIART AAEBHEH
SYEITFFR10-11, 14-15, 50-51 KT,
E X BREEHFIEL, 2, 3T, HIDRAT 407, 12,21, 70.9992 608.43 0.9567 6 99211 200
39, 48, S0 T4y, FlAR T A E
YBOFIR14-15, 45-46, 51-52W7F, BE4%
T4 JFIR2, 3, 4MA, BRI ST, 12, 35, 39,48, 51.0603 599.31 09601 6 99.223 200
50, 56, 58, 69T AT 4R SY, TIRT A AELE
BITS£8-9, 10-11, 14-15WJT, B4k
HRES KL 2, M4, BT A7, 12, 35,39, 48, 59.7041 599.31 0.9496 6 99.223 200
50, 56, 58, 69T HEHR 5T, FIRT MR E
YBOFI£10-11, 14-15, 50-51W T, BEL%
JIE6 PR, 2, 3MA, BRI ST, 12, 35, 39,48, 71.8102 599.31 0.8567 6 99.223 200
50, 56, 58, 691 AT 45R ), FIARTT At
BT IR14-15, 46-47, 53-548 T, BEL%
FET  IFR2, 3, 4MA, BT 47, 12,21, 39,50, 61.9094 600.63 09481 6 99.221 200
56, 58, QU FEH A, TR T p AF AL H
BT 58-9, 10-11, 14-15W77T, 4%
FRS TPk, 2, 4ME, BRI 7,12, 21, 39,50, 60.8858 600.63 09486 6 99.221 200
56, 58, 69 IR #EE4y, TR R AR H
YBOFIR10-11, 14-15, 50-5 1T, BE4%
FR9 KL, 2, 3E, HIETT A7, 12, 21, 39,50, 72.9272 600.63 0.9555 6 99.221 200
56, 58, 69T AT 504y, IR RERHEH
Iy BIT8-9, 10-11, 14-15F123-24 77T,
IREGFF IR, 2, 3FN4 PG, BT 424, 25,
27,52, 53, S4[AN AT AR AR A RSO
RISy, FART S A

SCHR[18] 38.4784 7012 09631 8 58.633 100

K5 TRRE T EaA BT
Table 5 Benefits comparison of different strategies

il s ORI ot PRI T BAEE T THRRTE)s

14-15 i%ﬁ%m -706.87 -530.63 -1237.5 107.80
I A% 1)
43-44 B -709.77 -533.50 —1243.27 3.88

HIRS AT UG Y, A SRR R AR R AR as.

%, BV XT T ML & P 7R sy el a, 6.2 B R E 4 (Reconfiguration of cascad-

FAUR AR EESCHR (181K B 7 ZE 4 /N, APk ing failures)

HAMEAAT L7873 SEEL& 5 2B K, SRR (B 14-1 530 R A s, PEVR S I R, 4344
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gER R at i AR ELAT A OB AR EE B IE S, B
RENZIEB PRI E T L.

H P B ARERAE W W S A RMAIR T, A m
WA A PR 98 7 A At 3G el R 21
(R AT 42 358 4 7 5 1 H AR R AE W R A R AT B R
B W2 BUT 9245467 HIERAEAS B0 “ Wi 43 B
FFRA3-44” | ANIRE T A2 “WiTt o BT K 14—
15, 43-44,51-527 , & B4 H 582, 3, 4, HI 37, 12,
21, 35, 39, 48, 50, 56, 58, 6971 £ HI T #2534 47, Fl 4315
AR,

A5 K R ) 22 AR B SR At RS , 7 EHT AR i
PRI WS 2 (8], v QB AR 75 B 5 30, BBl AT
THE, THE RS Ale. 1 PRk 2 . e A5 21
KR &5 50 “Witt o BT 14-15, 43-44, 52-53, 14
GBI, 3, 4, BT, 12, 21, 39, 48, 50, 56, 58, 69
R R ER Ay, IR AR

5, A HZE R BRI E T7 R S5 EH
A R 3 AR B E T RIFAT X EG, R 6.

k6 EHBIEH IR KL
Table 6 Different recovery results of cascading

failures
N P RH bR/ s AR HE/
g
TR wpme kw VW p.u.
BHRESHF 99.220  633.50 50.8314  0.9593
TR
99.223  630.63 50.7369 0.9595

Pk 5l

HIR 6 IR, B PS5 R I TR R AR AR A E
A R A3 A (A TR AR B, P R AR AT 52
W R HEAATHRAREZE, P SRR dE bR LT e %
. T Lk B R ) TR T S AT AR IE A, 15 B
Bl PR R A A T AT

SRJE, K CA_E PR R S5 R AT R 2 0 A AT AR
LR, SR AR T .

T RRVRE T EF Sk
Table 7 Benefits comparison of two strategies

, XTI Il J=VaEs
Fai/oe  FlAoo JG
1415 A —675.65 —499.31 —1174.96
CHR[18]  —793.51 —601.2 —1394.71

HIER TR, LB PR R 7 SRR 20 LS 2RI
TARKHIZE S, SR ELHE R A S sk B iR g i R

ot SR 75 R OO R 0 P 453 2 A A 38, (EL R AR R
iR VORI, Higb TREADERENSS.
7 45 (Conclusions)

AR SCAE AT B FE 2 AREE M P SR R 2l 2, 7870
25 AL AL P OO R A, 3R T 2 RS
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