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Multi-objective optimization algorithm based on decision preferences to solve
distribution network service restoration considering power supply

YAO Yuhai', WANG Zengping', ZHANG Shoukui', GUO Kunya?, JIN Peng?, QI Zheng'
(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources, North China Electric
Power University, Beijing 102206, China; 2. Shenyang Power Supply Company, Shenyang 110811, China)

Abstract: Traditional distribution network service restoration cannot completely satisfy the requirements of N—1 security
verification of transformer in station, and the corresponding mathematical model is constructed. Without considering the
preference of decision maker in the iterative process, the classic multi-objective evolutionary algorithm, based on Pareto
dominance criteria and crowding distance sorting method, is of slow convergence speed. This paper proposes a
multi-objective binary particle swarm optimization based on g dominance and technique for order preference by similarity to
an ideal solution (TOPSIS) to solve distribution network service restoration. The reference point of g dominance can design
flexibly according to the requirements of service restoration, and TOPSIS makes the preference of decision maker into the
iteration. These improved measures are of great significance on improving the quality of solution and enhancing convergence
velocity. Finally, an example is illustrated to verify feasibility and validity of the proposed method.
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Table 1 Data of transformer substation
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Table 3 Results of service restoration based on g dominance
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Table 7 Results of service restoration based on E dominance

V- WIES SIMW S S Ja SskW
1-4
4-6
45 0 0 5 612.35
8-10
9-12

M 6 R 7 FrAJr &l A, AECT E o
DEHLIAS S5 1045 2 e 527 S DTG (10 7 Ao 2
Ny IERIGATEZ . E A OUHLEITG SR ARAE SR br
fo~ fos fs EARTAIC I, X520 E (S ILHLHIS
H R B H AR B2 IR AIAL 22 H AR B b i
WA T5 5, FELMIEEBLRE A TE AL IITE DL T, VIR
AT 22 1 7 AT RAT T 2 MU IE H AR, A
DA B R bk ST 5 o A SCTT LIS 2% pibeit
AIAEIEAGE RE PR T W S RN A
WAL ) R 1) 2 BT T A5 AT R o

6 it

U o A s 4 B M A s -1 1) R 3R A

H bR BRSO S, T LA iR b 52 5 Skt fo UL

DR RS N-1 AN, B RS A

N-1 HENIRIIE O, ] DLk B SR AR A0

SekBe it binr, DARUESRE G AR IR as A — R M

R A A B S R F . ST g

LA TOPSIS ik T HAS SRR IR, 24

T BRIV R R R S e, W] DU RO G

L ) g o K A2 ) AL

B2 3k

(1] #REZ, 9K, EHPF. LT AER BIRLRINC i 9 KT

FRUURT R 3t R DK BT S [0]. BB R, 2009, 33(12):
66-71.
XU Yuqin, ZHANG Li, WANG Zengping. Agent-
environment-rule model based algorithm of service
restoration for large-area blackout of distribution system[J].
Power System Technology, 2009, 33(12): 66-71.

(2] ¢4, WRHL, HeA. ETE PR TR Z Hix
PEAC I HE M B A R[], L R GE AR 5 42,
2015, 43(16): 73-78.

WEN Juan, TAN Yanghong, LEI Kejun. Multi-objective
optimization of  distribution network  dynamic
reconfiguration based on integer coded quantum particle

Power

swarm optimization algorithm[J].

Protection and Control, 2015, 43(16): 73-78.

System

[3]

[4]

(5]

(6]

(7]

(8]

[9]

PhTCIE, SRR, BAARNE. JE T I ISCR G L
MR EMI]. B RGELRY 50, 2015, 43(12):
73-78.

SUN Yuanbo, ZHANG Chengxue, HU Zhijian. Dynamic
distribution network reconfiguration method based on
graph ant system[J]. Power System Protection and
Control, 2015, 43(12): 73-78.

X, BhEHE, FEENY, AF. FETAER AU HEA A
DA A R IE H ) i R 2 0], B DB R AR, 2015,
30(20): 185-192.

WANG Zengping, YAO Yuhai, GUO Kunya, et al.
Distribution network service restoration based on rank
preference optimal and load shedding[J]. Transactions of
China Electrotechnical Society, 2015, 30(20): 185-192.
Tea%, WAL oA AR R T L I (R 5 MR AT 5T
[7]. FETEAR2AAR, 2015, 30(24F) 1): 346-351.

SHEN Xin, CAO Min. Research on the influence of
distributed power grid for distribution network[J].
Transactions of China Electrotechnical Society, 2015,
30(S1): 346-351.

SKREL, PhoE, AR, AR TE OB R 2B e i A
HR S R FALERAT]. F SRR, 2013, 29(7):
41-45.

ZHANG Wei, SUN Yunlian, HU Wen, et al. Optimized
reconfiguration algorithm for power supply recovery of
distribution network with economy of power grid
considered[J]. Power System and Clean Energy, 2013,
29(7): 41-45.

Zheth, TSR, SIS 7R T i e A
PN D] RGP S50, 2015, 43(8): 41-48.
LI Chenlei, WEI Zhinong, HAN Lianshan. Application of
ordinal ~ optimization in  distribution  network
reconstruction[J]. Power System Protection and Control,
2015, 43(8): 41-48.

Euh, PR, MR, &R R HROCRIACH
ARGBERLRE I TE R D], T E AL TR R, 2009,
29(13): 86-91.

WANG Chengshan, LUO Fengzhang, XIAO Jun, et al.
An evaluation method for power supply capability of
distribution system based on analyzing interconnections
of main transformers[J]. Proceedings of the CSEE, 2009,
29(13): 86-91.

B, WhAR, KL, A TE R AR I BRI A Y
WTHC RSB RE T RAD]. P LR
i, 2011, 31(25): 97-103.

GE Shaoyun, HAN Jun, LIU Hong, et al. Power supply



&) &G 5N

(10]

(11]

(12]

[13]

[14]

[15]

capability determination considering constraints of
transformer overloading and tie-line capacity[J]. Proceedings
of the CSEE, 2011, 31(25): 97-103.

RESE, BRI, £, &5 JET 2R R ABHE AR

2 RE A AR PE HL R TR T H A v S S ]

H T HAR244R, 2010, 25(4): 135-141.

XU Yugin, ZHANG Li, WANG Zengping, et al.
Algorithm of service restoration for large area blackout in
distribution network with distributed generators[J].
Transactions of China Electrotechnical Society, 2010,
25(4): 135-141.

HNI, BE R, skberE, & ook R LA
SHPFAERC R 2% TR R N T[], s R GRS 4%
%1, 2009, 37(7): 30-34.

LU Zhigang, YANG Guoliang, ZHANG Xiaohui, et al.
Reconfiguration of distribution network based on
improved particle swarm optimization[J]. Power System
Protection and Control, 2009, 37(7): 30-34.

WA, B, W, S TCH R Bt HL R S TR
T REHVE]. R ERIR, 2009, 35(6): 1492-1496.

LEI Shaolan, WANG Shibin, HU Xiaoqian, et al. Chaotic
optimization integrated with artificial immune algorithm
for distribution service restoration after faults[J]. High
Voltage Engineering, 2009, 35(6): 1492-1496.

WO, LB, M. RAATZ H b A2
(K3 AL F P B et SR R[], o B L TR 4R,
2011, 31(31): 118-124.

JIANG Yanjun, JIANG Jianguo, QIAO Shutong. Intelligent
service restoration of shipboard power network
using nature multiobjective evolutionary algorithm[J].
Proceedings of the CSEE, 2011, 31(31): 118-124.

W%, SRIF, TAYLOR G. 2 E& 4 ff 4 il (1 c i 19
W] RS A B, 2010, 34(17): 22-26.
HUANG Xianchao, ZHANG Lizi, TAYLOR G. Service
restoration of power distribution systems with load
control[J]. Automation of Electric Power Systems, 2010,
34(17): 22-26.

5L, TAYLOR G FE T RO A A FAITC B kA
R[], B RS H3ML, 2011, 35(6): 40-44.
HUANG Xianchao, TAYLOR G. Service restoration of
distribution networks based on node-depth encoding
technique[J]. Automation of Electric Power Systems,
2011, 35(6): 40-44.

[16]

[17]

(18]

[19]

[20]

(21]

A, AN, T FE TS N AR B AR S
Pareto % HFRIC HL I A [T]. HL ) R G ARG 5 42461,
2011, 39(5): 1-5.

LI Wei, ZHANG Zhengang, YAN Ning. Pareto multi-
objective distribution network reconfiguration based on
improved niche genetic algorithm[J]. Power System
Protection and Control, 2011, 39(5): 1-5.

gy, TGP, RN, 45 T E S A
TR 5~ R S5 S A IC B R AR VR A [0, W R GOk
P51, 2014, 42(23): 76-81.

YAO Yuhai, WANG Zengping, GUO Kunya, et al.
Distribution network service restoration using a
multi-objective binary particle swarm optimization based
on E-dominance[J]. Power System Protection and Control,
2014, 42(23): 76-81.

MOLINA J, SANTANA L V, HERNANDEZ-DIAZ A G,
et al. g-dominance: reference point based dominance for
multiobjective metaheuristics[J]. European Journal of
Operational Research, 2009, 197(2): 685-692.

COELLO C, CARLOS A, LECHUGA M S. MOPSO: a
proposal for multiple objective particle swarm
optimization[C] // Proceedings of IEEE Congress on
Evolutionary Computation. USA, Honolulu: IEEE, 2002:
1051-1056.

D&, SR, BER, 55 BT XU WA b DL
A HAREACSIR[T]. B2, 2013, 24(3): 476-489.
QIU Feiyue, WU Yaushi, QIU Qicang, et al. Many-objective
evolutionary algorithm based on bipolar preferences
dominance[J]. Journal of Software, 2013, 24(3): 476-489.
CIVANLAR S, GRAINGER J J, YIN H, et al
Distribution feeder reconfiguration for loss reduction[J].
IEEE Transactions on Power Delivery, 1988, 3(3):

1217-1223.

4% HER: 2015-04-19
EH RN

R H G A RAH)

W Ei(1986-), %, BENKE, HEARL, 224
E-mail: yao_yuhai@163. com
I (1964, B, Fx, HEAFR, ARTEH

W, ) A %KY 5424); E-mail: wangzp1103@sina.com

KE A (1994, F, MEARLE, AR H 6 HE R

#IEW .. E-mail: shoukuizhang611@163.com

(4% 2R )



