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Tab.1 Load levels of distribution grid
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Fig.2 Typical experimental distribution
grid with three feeders
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Tab.2 Branch and load data of a 3-feeder 16-bus grid

wry MEP/(Q-km™) B (BRFEORED) K/ .
Bk R X P/MW  Q/Mvar km
1-2 02024 03891 210 092 125 I
2-3 02024 03891 175 087 075 1
3-4 02024 03891 125 065 216 1
2-5 02024 0381 L10 052 250 2
6-7 02024 0381 128 076 105 2
7-8 02024 03891 165 078 100 2
8-9 02024 0381 130 078 098 2
7-10 02024 03891 094 056 079 3
§—11 02024 03891 145 059 210 |1
12-13 02024 03891 142 068 150 2
13-14 02024 03891 198 079 098 3
14-15 02024 03891 145 067 089 3
13-16 02024 0381 108 045 150 3
4-15 02024 03891  — — 118
S-11 02024 03891  — — 158
4-15 02024 03891  — — 125
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Tab.3 Comparison of performance among different methods
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Fig.4 69-bus distribution grid of America
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Tab.4 Comparison of reconfiguration performance
among four methods

PIER , HIIRES PIER
ﬁz&iﬂz RS E#% /% Hﬂmé}s
2L RV f/ME ) ELM 95.8 1.3362
5000 2200 AR fe/ME ) ELM 87.4 1.1624
SVM 95.0 163.6295
BP #1229 4% 91.0 67.8346
2L RV f/ME ) ELM 97.6 1.736 1
2000 256 K fe /MER) ELM 90.0 1.3952
SVM 97.0 240.3685
BP #1229 4% 92.0 83.4011




%28

S[R3 LA e (51)

PR S AR RE , S I 4R AT A, (H SVM
BP #1228 [0 28 1| ZR s [a) 0] S A AR 22 i T 254 X
W fe /ML B ELM I 25 ik 1) 22 EE T 22 56 KU e /)
PRSI —

5 #Hig

AR SORE 25k A e /INPCHE DU R 137 2L B ELM
28 I 2% AR AR S e A 0T T R ) R AT T 40 A /DAl
HA ol T AR G R e 35 vk R R B A AR Ak
iR B IR TL, IF 5 SVM BP it 28 [ 2% 1 5
TR B f/IME B9 ELM A9 TC HRL 0 B R S50CR AT
FUH , o R e e 22 190 2% 2 ) 56 18 ) TR 32 Atk
AE S A | B A 5 5 T 0 KU e /ME Y ELM R
A, ELM BEF VI ZRAEA B3 I S A ROR B4 9%
5 243 i HAb 5 % sX07 I6 A% K B s i
02 I REAAE D SHF I HLBE A 0 265 45 449 114 222 T
e 2RI Sk

SEH .

(1] A WAL, B0, HeF CMAC P48 19 26 [ Tic ) S5 A A Y [ ],
TLRZ5 4, T2, 2004 ,38(6) : 784-788.
JIN Licheng,QIU Jiaju. Model of distribution power network re-
configuration based on CMAC neural network[J]. Journal of Zhe-
jlang University : Engineering Science,2004,38(6) :784-788.

[2] BARAN M E,WU F F. Network reconfiguration in distribution

systems for loss reduction and load balancing[J]. IEEE Trans

on Power Delivery, 1989,4(2):1401-1407.

MERLIN A,BACK H. Search for a minimum loss operating

—
(98]
[

spanning tree configuration for an urban power distribution sys-
tem[C]// Proceeding of Fifth Power Systems Computation Confe-
rence(PSCC). Cambridge,UK: [s.n.],1975:1-18.
[4] FAN Jiyuan,ZHANG Lan,MCDONALD J D. Distribution net-
work reconfiguration:single loop optimization[J]. TEEE Trans on
Power Systems,1996,11(3):1641-1647.
SHIRMOHAMMADI D,HONG H W. Reconfiguration of electric

—
W
[}

distribution networks for resistive line losses reduction[]J]. IEEE
Trans on Power Delivery,1989,4(2):1492-1498.
[6] CIVANLAR S,GRAINGER J J,YIN H,et al. Distribution feeder
reconfiguration for loss reduction[J]. IEEE Trans on Power De-
livery,1988,3(3):1217-1223.
KIM H,YUNSEOK K. Artificial neural-network based feeder re-

—
-
[

configuration for loss reduction in distribution systems[J]. IEEE
Trans on Power Delivery,1993,8(3):1356-1366.

AT, BT b 2 5 T PR I 25 S I RERE LA R (D). U R .
AR K2 ,2011.

ZHAO Chuanhui. Integrated energy conservation and loss reduction

—
oo
[}

of distribution network based on neural network [D]. Ji’nan:Shan-
dong University,2011.

[9] HUANG G B,ZHU Q Y,SIEW C K. Extreme learning machine:
theory and applications[J]. Neurocomputing,2006,70(1-3):489-501.

[10] HUANG G B,SIEW C K. Extreme learning machine:RBF net-
work case[C]//ProceedingS of the Eighth International Confe-
rence on Control, Automation, Robotics and Vision. Kunming,
China:IEEE,2004 :1029-1036.

WO, R EARA] A T R B A e AR AR
HER)]. ARG, 2007,19(23) :5587-5590.

CHANG Yugqing,LI Yuchao,WANG Fuli,et al. Soft sensing mode-

[11

[

ling based on extreme learning machine for biochemical pro-
cess[J]. Journal of System Simulation,2007,29(23):5587-5590.
ZHU Q Y,QIN A K,SUGANTHAN P N,et al. Evolutionary
extreme learning machine[]]. Pattern Recognition,2005,38(2):
1759-1763.
[13] BB SRR AR, H TR R 2T BLAY 45 R 1 R W W A2 (T ).
ML TR, 2011,37(16) :241-243.
HUANG Yanwei, WU Dengguo,Ll Jun. Lost data recover re-

search of structural healthy monitoring system based on ex-

[12

[}

treme learning machine[J]. Computer Engineering,2011,37(16):
241-243.
[14] K3, E 7 07, HeT 5% 0E W AR 3 27 23 BIL A% 15 1) e 31 iy e o
L) ] ALas 24, 2011,32(7) : 1302-1308.
ZHANG Xian, WANG Hongli. Time series prediction based on
sequential regularized extreme learning machine and its appli-
cation[ ] ]. Acta Aeronautica ET Astronautica Sinica,2011,32
(7):1302-1308.
UGB, W, BT SR m AL M ER (], B RSEA
31k ,2005,29(7) : 48-52.

LIU Wei,HAN Zhenxiang. Distribution system reconfiguration

[15

—

based on the support vector machine[]J]. Automation of Elec-
tric Power Systems,2005,29(7):48-52.

[16] HUANG Guangbin,BABRI H A. Upper bounds on the number

[t}

of hidden neurons in feedforward networks with arbitrary
bounded nonlinear activation functions[J]. IEEE Trans on Neu-
ral Networks,1998,9(1):224-229.
[17] HUANG Guangbin. Learning capability and storage capacity of
two hidden-layer feedforward networks[J]. TEEE Transactions
on Neural Networks,2003,14(2):274-281.
HUANG Guangbin. MATLAB codes of ELM algorithm[ EB/OL].
[2011-05-19]. http: // www3.ntu.edu.sg/ home / egbhuang / ELM
_Codes.htm.
[19] Z=M €, HF AN TR Ay BC i M SRk 2 M ATSE (D). Bt
R H TR 2%, 2008.

LI Pengfei. Study of service restoration reconfiguration in dis-

[18

—

tribution system based on artificial intelligence [D]. Nanjing:

Nanjing University of Science & Technology,2008.

EEE AN
RHEE(1983-), % ,Ta@mEA LML AT @
Jy el BB S ALHE R B AL Ak 42 4] S (E-mail ; wdg198371@
126.com)
ZEWe(1955-), B b Bk A Ik WEAAES
PR AR TGN RREF SN A THRE
ARG T LR YR G 3 S (E-mail . xmli@ whu.edu.
cn),
(T#% 56 W continued on page 56)



(56} R R %33 %

[7] VFufe, B ROA. B N ik 5 8 AR A ST AL b i R (7], container fleet management problem[J]. Parallel Computing,
ML & B A dh A4, 2000, 12(3) :26-30. 2000,26(1):27-46.

XU Nuo,HUANG Minxiang. Application of primal-dual interior [11] GENDRON B,CRAINIC T G. Parallel branch and bound algo-
point method and branch-bound method in reactive power opti- rithms:survey and synthesis[J]. Operations Research,1994,42
mization[J ]. Proceedings of the CSU-EPSA,2000,12(3):26-30. (6):1042-1066.

[8] W% A5 fk. FT I3 KKT A1 S5t — X8 i Py s 32k A o 35 [12] MEZMAZ M,MELAB N,TALBI E G. An efficient load balan-
BRI AT )], B A S B, 2004,24(5) :5-9. cing strategy for grid-based branch and bound algorithm [J].
FAN Hong,WEI Hua. Study on optimal power flow based on Parallel Computing,2007,33(4-5):302-313.
primal-dual interior point algorithm under perturbed KKT condi- [13] EB M ALIER 70 R, AR II R0 H (M. Jbat. B2
tions and branch and bound method[J]. Electric Power Automa- B 2006 121-123.

tion Equipment,2004,24(5):5-9.

(9] A, Fe, el & & BUL RO ) R R IEAe [T ].
LI A B BE# ,2007,27(3) :41-45.
SHI Wei,WEI Hua,BAI Xiaoqing. Reactive power optimization

fEER T,
I %(1988-), % ,xEmHGA WHEHRE TEMR
in large-scale power systems with discrete variables[J]. Electric Z AN RAALE S AN B W 2R A
Power Automation Equipment,2007,27(3):41-45. Ta T (1975-), % , # Ak WA s Az ’ #+ ’ ERHR
[10] BOURBEAU B,CRAINIC T G,GENDRON B. Branch and ~ # @A &) ARARE LIS FIHRLRT A XL L K
bound parallelization strategies applied to a depot location and 7 X T A A 48R & 2 (E-mail : jqy@zju.edu.cn) ,

Reactive power optimization based on primal-dual interior point method
and branch & bound algorithm for distribution network
and its parallel implementation
WANG Yun,JIANG Quanyuan

(College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)
Abstract: The primal-dual interior point method and the branch & bound algorithm are integrated and
applied in the reactive power optimization,and a parallel branch & bound strategy is proposed,which adopts
asynchronous communication and master-slave control mode. In parallel,each machine of the parallel
platform with distributed memory generates the decision tree and executes the branch & bound operation for
its own process. Results of two tests show that,the parallel strategy balances the load well,improves the
computational efficiency effectively and obtains an excellent speedup ratio.
Key words: reactive power; optimization; interior point method; branch and bound; parallel computing;
models
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Distribution grid reconfiguration based on extreme learning machine
WU Dengguo, Ll Xiaoming
(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: To minimize the active power loss of distribution grid reconfiguration,a neural network
reconfiguration model based on the extreme learning machine is proposed,which reflects the nonlinear
relationship between the load pattern and the switch state of distribution grid. Having simple network
structure and fast training speed,the model takes the load pattern as its input and outputs the switch states
to reconfigure the distribution grid with minimum active power loss. The structural risk minimization rule of
the statistical learning theory is introduced into the extreme learning machine based on the empirical risk
minimization to minimize the empirical risk and confidence interval. The actual risk is thus minimized and
the expectation error is decreased. Simulative research is carried out for two typical cases of distribution
network reconfiguration with different reconfiguration models:support vector machine,BP neural network and
extreme learning machine. Results show that the proposed model has both better generalization performance
and faster training speed.

Key words: distribution grid reconfiguration; minimized grid loss; extreme learning machine; structural

risk; empirical risk; models; electric power distribution; risks
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