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Dimensionality reduction and search based skeleton-network reconfiguration
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Abstract: A kind of network-reconfiguration scheme based on dimension reduction and search is proposed to solve the
oversize dimensions of optimal searching problem for large system that contains too many nodes and lines when using
discrete particle swarm optimization. An improved ant colony and discrete particle swarm optimization (DPSO) are
combined in the scheme to form skeleton networks. Firstly, an improved ant colony is used to obtain a trunk line, which
could reduce the dimensions of the subsequent optimal searching. Secondly, based on the trunk line, discrete particle
swarm optimization is employed in forming skeleton networks. The maximum quantity of the comprehensive recovered
load, which makes important load into account, is defined as the optimization objective. The optimization must meet the

constraint conditions, namely topological connectivity, safe and stable operation constrains. At last, the correctness and

validity of the proposed scheme are verified by IEEE 118-bus system and part of Hubei Power Grid.
This work is supported by National Natural Science Foundation of China (No. 51677137).

Key words: power system restoration; network reconfiguration; ant colony algorithm; discrete particle swarm

optimization; network connectivity

0 3|87
HL R G0 e U 1 L ) R
—ANEBKTE R, R N R F . W

BRGNS T
R TRIE B FEER BeRs E e A R E A E
LB IR R, ARG KA SRR —
RIS, R A B4 HEAk .

EEWEB: BRAAAFELTE 51677131 ; dH @ WA
3 A4 B (090000KK52160024)

i v P 8 TR ORI N A SRR LA A
BRI 25000 AR AR SR EHLAL SR AR
e AR SR SIHLALIK IS e 1210 1O A SRR F bR
IR LR AL AT ST o SCHR[3] A E 2 Ay P 2
b VR DAy R (0 LBl B i oA H b, R 8 HOk
TREARE R B AL LA AT H AR IS, SR
[415€ HY T — Pl 4 o 5P DF A 0 4 S o Ay 5
W, DAY AOCAR I 11  28 BE SR v VEAN I % v
IR AR s PR M N R A S TN
TR IO RCR SR AL T RS R
HARRIZL, SCHRISTHE T 228 2% (RS TR AN IE R



A, %

S P AE S TR P SR - 35 -

ﬁ P T R gE A% LR B A RO S

TR SN, LAY R Rk BN BN B AR
ﬁ,%ﬁ%ﬁu¥ﬁﬁiﬁmﬁﬁﬂw A, %)
TS MEBRBZ RGNS, WEAEHS K, #
AR SRIY K, PEAERI N0, L
REGAME

BT R R G G0 H bs 4L e B0 R 1), AR
SCHEH R TR SR AT TR &7
G OISO SR B OB T RSV AT H s R 424
Ko HOG, FIHBUFREMR AT RTREZM
FEAT AR R DA E BT S0 T
PEIERE L, R DPSO SKABZR HARMZE, o
HUARETERE, RATHMILBIPRECS
B, FRAR T Ja S AR M B R 45, XA AT UBE PR
AR R B R AUAR . )5, 3&T Matlab 15, U
IEEE118 75y R G AL i 5 4 B X A 4], 56
UE T BT 5 iR e R A 2.

1 WREMREFEE

L1Eﬁ®ﬁ

BRI B RS B T W LR i H s, A
%‘ﬂ%dﬁﬂﬂ@ﬁﬁ%kﬁa RAUE /9 2 Fy
AT, NI 5> S Aar o AR ) 26 EE A B
Ftar e S s, AT B b O T 22 )
BT, A H AR R X (DR

max f = ZaxiLimi + Zﬁijgej (1
=1

X Lins @ﬁ%ﬁﬁﬁxﬁﬂ*&ﬁﬁmmi
x IHUEN 1. 0, KAt BIE; m. n 05
HEEG ARG an BRI EE A
T A1 AT AL . IR o B 2 IR EL A
9%&E%Aﬂmaﬁﬂmﬁ%%ﬁﬁm§%ﬁﬁ,
SRR VA2 A7 g e A7 i T P B R

1.2 AREME

1.2.1 WAL

ﬁ: (G cos§ + B, s1n§)

- @)
0 = VZV/( ; Sin g, Bcosé)

Lt P Qi A BIEANTIZE; Vi V)
NN RIS Gy Byl g 5, i
FEIARSAZE: =1,2,,n ne N A R
122&%%%&%%%%

PGimm<P <PGma

{ o

QGimm - QG[ - QGimax

s Peimax~ Paimin T OGimaxs Oimin 733 A K FHL
HINDRW L. FRMEINRK L. FR;
i=1,2, ., n HRHEHLIIEH
1.2.3 45 A R B

Viwin SV SV “4)
FH: Vi T Vigin 20 AR EL R IR 21,2, -+, 7,
n N R
1.2.4 £RE% TR B

B < B (%)
A Primax A LR B DR ARAE; =1, 2, m
m N EEEL

Brubz A, BHERMEE T Em T, CRUEAT

AR R RE I kI AR R 1) R RO R

2 WEEE XS DPSO EMZEEM L

2.1 WREE

WSCHE RV e — i T A ) 2 AR BB b
AR, Bl N TR 2T g,
2.1.1 AU S

SRS ST TOMURR A 35, (R S A
ARV RN HE L6 ) ATY AT JRI PR A o A ST g K d /Y
ARG IR b, A R B
T FRRERE A A5 E = B A X an=6).

X(DPR.
7, (t+n)=(1-9)z +AZAT (6)
T _,](t +n)<7.
;(t+n)= Z(t+n) Tmm<f_,-,-(f+”)<fmax (7)

T 7; (t + n) 2T
A (6)F, U k AEARTGER P L T 812G, ),
A B WIdy (W St BRBRIE, dy K1 i
Z IR, FUMER 05 6 Afs B EERREG

BY A=, § R AR

77777

’,V

1+e ymax

PEME Vimax A ARUOERITIF R Yimax N AT
JASEAUE - A FHUETE RIS [0, 175 Vimax FEBR,
A BEARBOR, IXFE AT USRI AR Ja3 350 S I e A
BB, INTREIE I R

MO 5N, FE—RIEARS, 2k LR IIE
S L D, A AR s 28 5t 1)
LRk M, OS2 R AR s
FUAIEAR AR A KN .
2.1.2 HFrpREL

& CH bk En =X (8) T o



-36- @A &R B R

maxy=axm-—n ®)
X, a AW REHEEERY, TTERE T m ANE
LM DMAFEEY . HArR B E R Y
ARE Y A MRS, RBS AT REIE PR 2
W ROFHERRAR RS L B bR, TR S R AR E
Y R 5 A ) R O
2.1.3 “BEEY” HE X
FEBURE SRR R TR Iny, 1 | A 3
PRBGIFERAT S, RS o AR HT R 25 ) 2
TAFAELER ST KU AT A T2 1, T A K R
77 E N
B {lk in jZ IR 2%
T o i jZ IR
Loiv jYONE S
L iv jZ—NEZNER (<L <L) (10)
Loiv AR AT AT
AR SCRASGRE SRR et 5 R~ A R F 1518
G IS 30 A — AR R MR g 0 B R R i R T A
Ko it EEULHIIIIE, T P AU D AN Y AT £
B, ASOFBCH R ILERE RO — DM ORHIME,
G T BERR AR B I e 5 A R R AR AR R v TRk
N TG DRAUE TR AR A 42 R e o
WORESA L BEIR R B AN S AT SRR T2, ik
N PSR EE R B —, T H AR A i, P
TG R
2.2 BER FREEZE
KT (Particle Swarm Optimization, PSO)
#& i Kennedy I Eberhart $& H (1) —Fh & g AL fb 57
LU, AE PSO IARRUGEARH, A LASE R 13
Aok g A=), Ra2)fmr.

kil k r ok k k
Vi =WV +en(py —Xy) +6n (pgd —Xg) (11)

(l, <) )

[, =

k+1 _ _k k+1
Xig =Xig Vg (12)

X iy d MRS R RN GEEG X,
Xi2ytt xid)\ I/i(vila Viz,©ty Vid)jiﬂ*j?‘ i E‘J{EE%HI@E,
Pipi1, pi2, -+, pia)~ Po(Dg1, Pe2s - ngd)éj\%uﬁ*ﬁ¥ i
FURHA ST R I B B s w AR RS, 5
L 0.4<w<1.41"7) ey e B SIRT, HAEAS
eI Rt ARBERL AN ) 5 o J4[0,1] ERIBENLEL
DPSO &4} PSO (i BAS R B b ab e, &
W T2 AR 200, i BAR B Ak B PR S E
0. 1. DPSO RT3 BE AR BE S SR AL B AR )
MER, AR (D) . A B = (13) BT

ﬂﬂz{hﬁ(@<sbﬁﬁ) 03
0, else
SOy =—— (14)
l+e™

Kby s 400, 1] BB A2 5 70 (RIBE LA

e I R Ot (AL Sl N A R VA SN e
ZRBRICIRGS, B XY AR 2R, 0 RoRZRIRINT
TFy 1 RonEREE, BRI EH T A
iR
2.3 fRIEZEBE MR B FrMZIRiEE

FEAR R H BRI SR PE )N, H T2 R i
P 16 52 B ST LA A5 A 0 A A B
TBL WEIRKRGIN T, MEEEEEREEN%
B, H AR BCE SO IR PR/ 4 . T ks
AR DA NTRE — TEN T RIERK RGN, 4]
AU TRl ORI I, FURBCR R PRIk, AL
P T R ORUEIEEE 1 H AR SR Tk

ANSL TR (1R 0 S B ) SRS i o P ISCRE B0k
MRS T, /il b, 5t DPSO 1533
HAxRZE, 75 DPSO LR FE . mIRes i El
BT s 2R -

B 1 PR & EIRTS

Fig. 1 Line status in the network

B, SR Tk, AT W 1 R

(LR HMORAS, Pk FR S T2 Ml 1) 1 M 4845 4
WAL, PERUE TS H bRpR A XA EE TV A0S T
L5 3 TR AN T 100 ) 2 B W TR S TR 5, B R A
AN A2 DR 24 T T P A SR PR A T A3, A I i
WL SAE, s T 3R AT H AR R (4
2.4 OBk R RE

1) SR EEWI UG . e B ISR RS RN 52 2
B, AR R SR UG O SR A B B A A
RS “RRES”. SO PR 2R R MR AT Tabu 28 2
%, B T WS REATL AR I 2 T R



TR, 45

S P AE S TR P SR

- 37 -

2) WORESE SR . IEAR TSR SV S
P H AR BUE, KT B A = T2k %

3) WIUHtE DPSO. BT IERUBRI 57240,
BENLAE SR T, RIS RGP LRl D 5S &
LR IR P& R IR B 2

4) DPSO L. &/ 2.3 A4 T5kiE

FEMZE, IR A bR Bl R TR o H
NGRS
5) Ar 6 F AR 0 28 A5 3 A2 45 P 2 e FARUE 2

WA, PREW L REITMEE R,
3 EHlath
JEF Matlab V&, UL IEEE118 955 &4
%H%\ﬂ[ﬁﬁmﬂ%hﬁ%ﬁﬁ%ﬁ
FEPANGE A, SORES VR I IS8 80, 154K
100 7%, TS EEE RS a=10, FHE =10, L,=20,
=30, {5 RFZEERESH o=1, oG B EER
ESH =5, fRREEKRI =02, 5EEME
W=300. A TR, VIR T
W WS REATLCAE 7 3 S I B T A
PANEHI, DPSO IR0k 20, %48 100
W i, ii%ﬁ¢?ﬁﬁ“wl¥%ﬁ%

gAML

WA w=1.2, c=1, ¢=3; ¥ HAreR &P
PN a=1, p=0.25.

ﬂi?i

,/[’1781

113 ||[36]
)

3.1 IEEE118 T ARG E )
TEMZEERIN B, REEREHE, CHFM
FLALI )3 ARk 2 Hodg K g, B ATLZ ) H
F1 o K 10 35%, Gafir TR K E5E 8 0.95,
TG T R ERMET SR, Hd, TE1
%m%%,ﬂrmahﬂ LNk 2 fros, H bR R4
T 43 AREM, WA M E B R K AT I
%m%,ﬁuigxm%%mmo
F1 ZHIKHE

Table 1 Three kinds of optimization scheme
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