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Fig.1 Example of the uniform crossover technique
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Fig.2 Flowchart of the genetic manipulation approach
1.2 wrEEsHR
Un 2R I 45 50 O B, o LR EURR O
AP RGN AE— D SR 2 5 IR AP R S
X L B8 ) WD S P 1] R K A2 0 o 1 kR A 7 U0 48 45
R, ELHE R W) 19 265 ) SR A0 RE . T S8 A0 T i A AR

P T R SE B

25 I AR TR A 8 T 3 S IR A B A R PR
B, JUT A 28 2 (1A T O Oy 36 7 4 ) O S B 5 2R
PRI RGeS 1 IE B, BE B 50 R 5 il 1 PR B 2
¥ H3histT.

FERYEZ G, JF o0 A s DIBR ks Pk 2
12 2 I F 00 G (R 2B A AP 5 (1) AT 9K
b S, AR K 2 o AR AN 1] 3 T .

s ttgy oA

.

U - B B _E B g
RIEK R HEE

I LW R — |
A5y BFF K I
R

I

WEERIRS KT [

3 MmEREREFREER
Fig.3 Flowchart of the upstream restoration procedure
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Tab.1 Branch reliability levels.
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Tab.2 Degrees of failure severity
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Tab. 3 Probability of occurrence of each degree

of failure severity %
e I R A SE g4 52 IA] re,, /min R
1 60 9
2 40 6
15 3
73

SCHEH

5 69 BZ% RDSHEHARMER
Fig.5 Branch reliability levels of the 69 bus RDS
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Tab.4 Optimization without investment based on different methods.
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5 (w,=0;w,=1) 4-11-61-69-70 3216.90 3.90 82.63
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Tab.5 Optimization with investment using IGA ( one new tie-switch)
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methods for solution S1

AP IGA BT RDS paflife , il g —
A~ DNR 52 567 32 530 3k B AT 58 P R 280 () ) 45
AR B SR P T — ek i S A AR T A —
ANFEHLE) MCS 6 2% vp £ 47 9 2 e B, R 5 1 1 R
R WP, SO B8 T ORI A I RO TR A AR
HH DNR [a] R, 7 50— 19 2 & R PR RE R
G TN LA e T PR ST S O B ) T, 5 3 T
RGRTEVE , RRAR T i AR .

W% B F— A 69 55 RDS i
AT S50 AT R AR £ A T R i Y () I R
WS, IX A S5 SR W] T A] B TR S ROCR A 4 A Y
S AFUJR A S B R AR M i 3 1 AR A
Un 2RO AR AR 23 X 45 S 5 AR K A8 5 i)

(RIS MBBIAFE B IeALiE) o T g deax A~ 3, F
— IR A2 B RIG 2B A R 45
{14 f5 fIL e £ -

S E 3

(1] M@ A8, THLEC i RS TT IR ie & iR &
RV BERL [T ) R 5¢ A 8l fk, 2018, 40
(16) :87-95.

(2] SR 2 7 MR 55 0 10 TC W 00 0 7 e 00 3 ) A
[T]. A FEAR G ST ,2018(3) :3-8.

(3] R, EF5, 5k B, 55 25 B4 8 2y i )
ARG RS R I T B I RE A
zh1k,2016,40(16) :31-37.

[4] CEBRIANJ C,KAGANN, Reconfigurationof distribution
networks to minimize loss and disruption costs using
genetic algorithms [ J ]. Electricpower systems
research, 2010,80(1) :53-62.

[5] MIRJALILI HR, SEDIGHIANARAKIAR, HAGHIFAM
MR.A new method for lossreduction based onsimulta-
neous DG placement and network reconfiguration
[ C]//19th Iranian conference onelectrical engin-
eering.Iran,2011.1-6.

(6] ZEbiR. & mNaIE M HIEEG B RGBT
PEAE B FE[ D] AR B 2 R il A=y Be , 2017 :57-61.

[7] VITORINO R M,JORGE H M,NEVES L P. Network
reconfiguration using a geneticapprachforloss and relia-
bility optimization in distribution systems[ C]//2nd in-
ternational conferenceonpower engineering energy and
electricaldrives. USA. University of California Berkeley
Campus,2009:84-89.

[8] RAVIBABUP, RAMYA M S,SANDEEP R, et al.Im-
plementation of improved genetic algori-thm indistribu-
tion system with feeder reconfi-guration to minimize
real power losses[ C]//2nd international conference on
computer engineering and technology. China, Sanya,
2010,4.4320-4323.

(9] EbT, W, X3 , 45 TR0 TS 1k (4 THC R 190 R
SENLWFTE [T ] = J1 3097 ,2018,46(9) :83-87.

[10] ZHANG BC,GUO QW,LI X, et al. Reconfiguration in

distribution systems based onrefinedgeneticalgorithm



5510 B4, 45 BE T IGA BB HL R G Is AT AR 5 AT R Ak 63

for improving voltagequality [ C]//Asia-pacific power [12] B 2,500 5, i 5 fil, 25— Fh A R H 1 &

and energyengineeringconference, China, Wuhan, B[S B [ )] 5 AR RS ([ R B2
2011.1-4. J%),1999,55(1) ;13- 16.

[11] kR0, ZR Tk, 98 d AR, 45 98 il IX 3% A9 I5C Pl 1) i [13] sk¥R, XIHir. B TARALE R RHLICH KBRS
P b S EAD H [T] M KRR (T % Rl AL RS R Mo AT [ M R 222 i ( 2% i) , 2018,
J%), 2018,39(1) :53-57. 39(4) :58-63.

Loss and Reliability Optimization for Power Distribution System

Operation on Improved Genetic Algorithms

FAN Yina', LIANG Wei’, HUANG Yugqing', ZHAO Dongchu', CHEN Shengbo', LI Ming’

(1. Beijing Normal University, Zhuhai 519087, China; 2. City Water Conservancy Survey and Design Institute, Liaocheng
252061, China; 3.Fudan University, Shanghai 200433, China)

Abstract: This study focused on an optimization method that combined simultaneously the reliability and the
efficiency of radial power distribution systems ( RDS), minimized active energy losses, through a process of
network reconfiguration. The study based on the failure analysis on network branches, with a special concern
on the protection system response to faults and the service restoration procedures, in the emergency state. A
non-sequential Monte Carlo simulation based on the branch reliability was used to evaluate reliability of the
network configurations. Due to a large number of possible configurations and the need of an effcient search,the
optimization was made through an improved genetic algorithm (IGA). In a first step, the method analyed the
RDS considering the absence of investment, and in a second step, the possibility of placing a limited number
of new tie-switches in certain branches, according to the definitions made by a decision maker. The effective-
ness of the proposed methodology was demonstrated through the analysis of a 69 bus RDS and by comparison
against other reported methodologies.

Key words: genetic algorithm; loss minimization; network reconfiguration; reliability; service restoration



