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A distribution network reconfiguration method with distributed generation
based on improved firefly algorithm
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Abstract: In order to solve the problem of distribution network reconfiguration with Distributed Generation (DG), a
reconfiguration model aiming at system loss, load balancing and voltage deviation is established, and the improved firefly
algorithm is used to optimize the calculation. In view of the defects of traditional firefly algorithm, such as premature
convergence and over-reliance on control parameters, the inertia weight is introduced and chaotic theory is adopted to
adjust the parameters of the algorithm so that the algorithm balances the global search and local search capabilities. At the
same time, the elitist strategy is introduced into firefly algorithm which speeds up the algorithm convergence. In order to
reduce a large number of non-feasible solutions in network reconfiguration, by simplifying the network topology, the
coding dimension is shortened and the efficiency of optimization is improved. Finally, some examples are given to verify
the effectiveness and practicability of the proposed algorithm.
This work is supported by National Natural Science Foundation of China (No. 61703242).

Key words: reconfiguration of distribution network; DG; improved firefly algorithm; chaotic optimization search;

topological simplification

POPRE AR BER 28 (0 I S5 H, B ol sy

515 PR, SO N P85 Al

TR R ST S F ﬁiy% B UL 1. AR T2 E AR RO
B AEHPE FIRT % FBEAE SR A (L (LTRSS FOR R, A5 i
A TE BT EATIR A e,

HETIH: BRARHFAELTE F8(61703242)

A 28 FEJF (Distributed generation, DG)# A
RS, BT RIEFMAT S S . e
SEFEE b nT DUE 21 i e i b i R AP, R



VOB, S JET BRSNS DGR LM A vk - 27 -

e DG HIIBENIE . T ER RS, ey
RYUHRIR R AMSN . WAL UK S 2 A
SEmU 2 BRI A (R BRI Y 2R 45 2 A R e 3B AT IR T
T, W A R DG I, A C L R A
HH R AR H 1) ] 85

I JUAER B A AN D L 51 2% 38 R T P ) EE A i 8
T T KEIRER, A AR L WY T ) 5
FEEVE T 7y A A RO R T
N TR GESEN M =2k, Horp, SCERBERI T —
Tl ) St ML R0 B £ 7 4% 5 2 R I O
T I AL AR S f s AR AR, MK A R
MEEBEAT VY, (EAEH T RGBT, Ry
FEPE 3 5e; SCRR[718E T R FH G 1) A6 1t 1) 5
A I S A S DA A ) SRR TRY () A TR M, i
L 78 o Mgt LUK . Y R AR AR m] 45 L 43
A IR A e, TR RS W8,
A R I e A ity Y s R A, SRR A PR R
MR, (HHARETEAR L, B BRI RTINS,
M LA S B A AR s SCRBR[ 100 1AL AT 10k
Ht, MWAIRI K B R G AR BT AR TS X, A
S b R USR FH B AL 3 BC T I 7 G 5 1 732, ks> T
Tict Fi, [P % T g 3ol R e AR R AR T A T R B I AR
UK, B SBEN “ RS PR .

RLGEEHRELL LRSI, T LR M
G A1 R 25 =R bR A B AR5 DG
Jic FL 0 B R B AR, RIS T A,
DG S5k “H” 1 fidar, JHAE PQ 1 AAbEE; AT
P2 PRI AMEA A, BRAR T A4 d, 1t
Miem THRBCER, AT BRI i s sk
()RR R BE ), AEARGEE K U 3ERE 5T
TARMERCE, FHREACRIBENLTE S b, R
A B TR RN, B T 3 AU PR e S
KA M 5 LB AL S P ORS SR B SRS N
WA b TSR

1 ECRMNEAHFRE

1.1 BtREE

N T AR B AT 2 IR S e A
P, ARSCESL T LRGSR Toarfin. i i 22
SIREEETRbR O H AR AR I B R A A AR,
HAR M Mg

(1) Hbrek ez i)

. PP+ Q;
min £, =Y ()
i=1 i

Kot i LB S 0 SR P O,
I3 T H S ¢ S A R 1 T T 6 5 T T

A U, W | RSB AR & JORE i 4
S8 ETFCRGS, 0 FRWIT, 1 FmHA: 1 N
i E LI £ FOR R, M R
eI, TR
) H bR 0B i
, wo S
min f, = 2 (5~ @)
Kot OGS m WU A 1 B
B S\ S, AR S A A
KAV f, TR ST . B R 5
FHYRREELS, SREAE, ARE PERT
(3) F bR B2 P f 2%

L (Utx — UtN )2

min f, =) o (3)

Kb RS S kAP RES: U,
U,y 73 93RS ¢ AN i (10 S B HL T 5 80 P T
Si RS e C HL Y R A B, H
B I AT .

(4) Hbre i 3 Ab B

T S Mk B R R E A R 22 H AR AL Y
HIK, ASOW EIR = KEgbR AT 0 A8, it
N A8 52 B AFAE A B W, BT EAASCR AL
T BEHURCE 531y 20, UGRUE H AR I 2 4 4 o
BEHLBCE AN

o= )

A, rand, (0, DEEHLAEEL
KM T RO S, =K AR H— 1k
VBN,
L, 5 3
f“ﬂﬁ+%ﬂ+%ﬂ ®)
X o o o RN RGN BEAL
WHE; F . F F 00 3RoR =4 H s R BRI %
AR/ ME
1.2 HREMH
LT HbreiEUa, fERCRREM R, &
WA A LR 2R e U
(1) FF LR
AL AGEAF T EGE BT A
AP=P, —V,>V (G, cos6, + B,sin,)=0
jei 6
AQ =0, —V, > V,(G,sin6, — B, cos6,) =0 ©

jei



-28- @A &R B R

Aot By Oy AHFRE i AT ADGYEA T T
SEE: VIR SRR G, .
B, 6, WARB AL 2 S Rl

L AR A 22

(2) NEAXLR

ANEEX B AT AR ERAAR Y LU R AR
SCHE DI FR LIRS A 8 B SIR R A 200

Ui-min < Ui < Ui~max (7)
Si S Si-max (8)
8 €G )

L U~ U 0T s RIS S
ORI S~ S, 703 S8 i SR DR AE
5K ATFR IR g, KNG INM G 1M 45 45
¥ GRRIR T AT i A i ST IR B SR I I 28 S5 R TR AR o
1.3 DG #iit EiRE

DG ARCH M2 5, F A3 H M (i i v
WhnEZk. BT DG SECM BRI D07 AR,
B AR THE R DG AT {E R PQ. PV 8 P15 pi Ak
o . PIRHL. SRR NS DG SRR
KAWL TEIR BRI AL, PQ 554, 1R
F R 33 0 AR 2R IR E ) DG MESS PV
T AN SR FH LA I AR AR O 2 ) AR
KRG RERG, AL AT Thig HATE A
W R S ) PT YT o

P T Bl S 2R A AT DOE - 10y U
A PQ 5, FTLAEAR SN R,
DG 52k “40” (Wb, I PQ Y ks,

2 BuEEABRMEEE

2.1 fEE AR EZE

i K UYL (Firefly  Algorithm, FA)2& —Fjogi iy
IFER L. el AL AR S b s K R R A
AT ARSI K AR, BAVERAE R WESH
D BT AL . FERC H R EEAL ), H AR
BRI A R SRR sk Rt il e i oK R 2 T PR AH P
gl frERES). SRR .

EEEMIL I R, s ST Bk
YoE s KM AN B G o SE—MARE K )5
FEimy, ORI H bR BT AL 7 BB, X
Al K A BAT BRI S | ) SR e R E K
HOHAER R B R B A o et K RN 5 B 5
IR RIE AN

I=1,e"" 0
B=pe" o

Kb 1 B 73 R R K R R K S da KR
SIREs y Rt IR 7, K ) e eSS A
AR T ORI HTR D, — By WRHEG -,
TR R K I ROREE B, E K U
S S o B A 7 ) B P v 28 >

R — R, 2 K AT B 2 AN BT ST
W5V 1) BT, i) A ) SR AR P AR AE AN T () A
LKL R W | B i BT AL ) SR A U

X=X+ fXO-X @) +ae, (1)

A ¢ FRIEUE: X o X AR R
JRIERALE;  f, RoRH KM« j 2 (A AT I
31715 a FZoR[0, NINKENLEEG &, Fon iy sy 04
1330 B REALE ) o
2.2 Bt KBRHEE

FH T AR K HREVRAE AR S 1, B K
Z TR PR B B9 S , EATZ TR AR 5| 73881 K
ffif35E K BRI RS R e A2 ss, JEHA R
TEMAE RO B B (IS s[RI AR S
W, MERZFETEAE 22, WSOHREARS, b il
“ LS

N T RPAR G K VRN L, ARSO6 FA
SERET T R st

(1) INBHEACE -1

EXADWAE T AT, BREREINA
T AR E REUBENLIN, e e R BT R
IR AR S, (A v REPT R AL 2, &k
R R FEER . O T4 FA AR 2R e
71, FZREGINHERCGEY, K E AR E R
et :
X, (t+) = @)X, (0)+ B,(X,() - X, () + ag, (12)
X, o) WPESGER-F, —REE 0,111
o fERREA, BHHACE R HUE e T
K A7 E R P AL L

(2) IR R

VRV RS A BEAUE « 5 7 PR T Ry 0
N TRk FA SR g g 0 22 A il
SHHIANE , AR TR A TS 22 SR LK Jin i
MR ZRENE, ARG A& BN Ry e A 1)
Fallk, dhsztATipAdth . BRI R

TEbRHE FA 5k, —KEHZia . B y £
NI FE DB AT, 15 E kA%
RIE AR SN RS . ASCAET I AN HEACGE
D7 aEfl b, SR HIRVE Logistic Wiy ki %% FA
AN Z AT PR, A AR A R b



N ++ p
1t|: [=i=) /iﬁr

ST K UL DG S LM FAL U5k

- 29 -

MLARE, Mimds T8k e maeae . sat)s
AL S A= (13) .
X, (t+) =o)X () +

Bi(X, ()= X, () + a(t)e,

ﬂij = ﬂoeimm2
at+1)=my®[l-a()]
y(t+1) =y @)1=y (1)]

X, oy w MRS HE, BILRERN
[t 1,1=1[4, 4]« IRHIEFISHAEN o « By #hie
PR, AT AEIEAR P BEALIE, AR
THEVEBRH RIS B . 25 A ERGE R 1M
I, I FA VLT DA e S5 A R
FARHIIE .

(3) SRR e B S

EFRTARAE FA SEAE S 2 MR S0H AR 1%
(IR, A SR AN IS A S PR A T IR R
TRE RS, B E— AR S A A TR T B A S
BEESHIR]T A, s T S AL FE
A SRR S5 8 ) 5 R R IR o HL AR
TSR FIHE A m , BENL A n AN
SR RPX EEAMARREAT A RO BEAFIAR S 454
PEAEE AR AR s e XA AR TG N

23 24

(13)

25

PEOT, LR RO DA S N B A
U AR B ARG S PR N AR T AURT SN A, )
PP et i, SRR AQIE R R A 1A
PR L AT IR B BRI, RN AT AR A
L AR ZEAMA . RGSEOR B SEm& R 1 55
TRNSSIE L, Sem T EANReR.

3 & DG HYFEC BB W E SR g

3.1 MghIMEK

T ASCR A “0-17 3R gmig 7 R0 %
INTFFRWITF, 1 KRB KBTI
ERAPIRATR AT ATAE, Prilfaifedndh. PRI R
AP S L BRI E R 2 . N T e
T IA ) Lk H 1, A SO I 9 4% 3047 n R )
RSN

(1) NEAT— AR IR 2 WIRNL S8, A5
Gttt s

(2) X155 HYEY ST A& W TG, AN T8I
b 1 5

B) I F4EEA KT 2 5 R RS2 s 4L A it
INSCRARR], T CALEGR AL I 3R T S
HA—4 0, WIRCREEGERE A 3 1715 A

DAIEEE3379 s RGN, JET Lk =4 itk 5
T, Je ) 4% P Ak i o P 1

* = oo _
12 4 s 6 7 8 9 _ 1o 1l _ 12 _13 " m=—-s 16 17 I8
*——o ¢ oo _—o 0o o b+ o o —0
/// /’///’
- ,/’/
- —_——

19 20 21 22 |

v

29
3 __——"§4 S —————— - — S Tas —— I8
_ o ° =9

B 1 |EEE33T S ARG LR E
Fig. 1 IEEE33 nodes system simplified topological diagram

HEAT UG 1, %120 2-3. 4-5. 5-6%53
PRI AT AT 2N A . XA, JRAR33T A
TRT AR S9N o5, fift 0% 1 FH IR R (193 74 T 40 A
134, RKRBHR T s, b 7 RKEATT#
=k, $em T RIESIR.

ERIMER I,  H s 5k SR

PR G R PR i O T &5 Pl
BRI R, ASCRHISCHR 20152 I AL 1R 5
i, BRI UL R SRl E, S5 SR
R AP RRAN AR, SR 2 SRR R 10 55
W RE % > AL R I 8], R RERE— 2 IR AR R 22 1),
ST I TR )L XA o



-30- @A &R B R

3.2 HiLiwiE

ST et R K R DG L HL I A T &
BRI ik

(1) BCHE P IR 4 fh . TE FE I R i 45 EL T
BEN, Hean iy figh. o, SRR, 1T IR,

(2) M A S e 345 $h AN AL I A i U g4 T
W28 Ab T, DLABIRRRIE T 50 3mSR
H I,

(3) FASLVEIIAEAL o Hffe Tk R I3 A SR,
AN AR P RSE . B RAE AR B A AR R

(4) HAR Bl AT A I i K LR aa A R % 47
ar 15 R ZAT S VLIS N R (R T A
IR X (10) T K L G | B

(5) W& A5k B B RIEARIREL, #id f Ki%
ARE B RPER®), e MRS ATHAE o

(6) FINBUERLEE, SRR il SR w5 R oL
P e, AR (13) BB K U R (Al L,
FUIRE s S I A e DI 1) I AR A A e DL I A

(7) FIWTIEACIR BSR4 i B KIEARIR

B IR B AR, R R 12D R (4) 4k 4k
BEATIEARAT
(8) favth A T R AR

4 Hflnth

N T B AE A SC AR AT A HER PR, BLEN
HIEEE33715 i R4 A, {EMatlab R2014af)j FLIA
BN T . BV S EOR BT 1) WEEHILG
SR ZBCHE R G S 33AN T L, 3TASC RS AN DRSS
TP, HE Ik N 12.66 KV, RGN
3715+j2300 kV-A, oAt 7 41 9 2% 2 £ ] 2 ISR
[21]; 2) 5EHIMESE: POREEL 13 030, feKik
RIRFH50, WEa=025, =03, y=1, Wt
BHHE 0=0.6, RMEEFIZE 4 =u =[4,4] . DGHI#E
ML E SRR IR,

#z1DCEANIERESSE
Table 1 Installation and capacity of DG

DG K7 BNE poi REE
IR 4 50 0.8
BN 7 100 1.0

i Lk DG ¥nlfe it Kl 1, 2% 1.3 7K
DG HRAAEERAN B . AR 2 T B B R 2L
RIS 3 TR SRS, %R DG A T
R R SR 4 AR LE LA 2.

B 2 AT, fEAEAN DG ITEHLE, G
(T PSRN T HR Z TR T4 31%,  BERBUSCR B

B SIAME GG L W s O 25 T, AL R
PEAHRL I D T 37%H 56%, RGEHIFRE T g .
MAEEAN DG ZJa, MITEAREAN DG, {EFEK
E O ESRAT TRt TN ANV R PN =2 i ]
(EROESRTE TR Ui
%2 EMERITLE
Table 2 Comparison of reconstruction results
Sk i fif HL s A
kW YR Z/p.u.

7K EXAWES

7t DG Br I 8-21. 9-15.
WA 12-22. 18-33. 25-29

202.68 1.084 0.120

& DG Wi T 7-8+ 14-15,
EME  9-10. 32-33. 28-29
+ DG Wi 7-8+ 14-15.
EMJE  9-10. 32-33. 28-29

1.00 :
098f AN
0.94 : _ ]

0.92

139.93 0.673 0.052

108.32 0.536 0.036

—yy
o R

LR/

0.90
0 5 10 15 20 25 30 35

LIS )
B 2 EMAIREET R RE R & E (R EDG6)
Fig. 2 Voltage comparison before and after

reconfiguration (without DG)

B 2 AR DG N EMHT S ARG 1 R s
RIELEC i . BT 2 T i, ML A 2 AT
20 TR PR P A i L AR AR I AT TR T
BEMTHY 98 T RGHIRE R . & 3 AR
DS LB AL L SR P RIS, = A TP EIE AR
BOGTEPRE ERO Hes . AR 3 bl i, A
SR RS A K R A A B AR 2>
TR E IR LA Sk, i HAE SIS
PRI SIE I TR0k, 1 WA SCR A A S RS A1 2
By Rt R S R AR R AE ), P RA
A,

& 3 BEIRMEREXTLL

Table 3 Performance of algorithms

AT SERIEARIKEL 2L
LG 15 18.35
LTRSS 16 20.45
AR 12 8.65




VOB, S JET BRSNS DGR LM A vk

- 31 -

5 it

(1) 7£% DG HBC H R B A T, AT AR R 48
WA SIEEIL A A B A RN RS s 22 = K Fib ol H
PREREL TR B VE M — A Ab 3. AH LA
& DG RUHAE,  ASSCHR IR HAL SIS AE BT 57
PR DA BB 40 B e P M DR ST TR A 2 A

(2) xRS FA SEkrb LA S, Wiesl
PR AT R L, AN SR ) et ok R REAE AR
#E FA [BERN b, SIANTBIVERCE, 425 T 5VAN
JRAFRARAE ST s IR A A5 2R FIRG D O B 3
W, S TN R R AR IRt T SE L

(3) A T el W8 R AN T AT AR A, AR
RT3 SR IR A S R A
% BRR TN, PR T R R )
SLEIRIE T ASCEE e I 5 mT AT 1
SR
(1] @0, s, S0, S5 o)Ak s et O B

ARM]. b5t o E g R, 2015.

[2] LI Jianlin, XUE Yushi, TIAN Liting, et al. Research on
optimal configuration strategy of energy storage capacity
in grid-connected microgrid[J]. Protection and Control of
Modern Power Systems, 2017, 2(2): 389-396. DOI:
10.1186/s41601-017-0067-8.

[3] A=A, Bho%, Vrrh. JE T4 S50 MR G [n))A 1) bE
HLIC Ha 0 TR ) ) 7 [ 0). H D AR 2EAR, 2015, 30084
F1J 2): 176-180.

LI Chunyan, ZHONG Jun, XU Zhong. A test method for

stochastic distribution system reconfiguration using
boundary analysis and linear regression[J]. Transactions
of China Electrotechnical 2015, 30(S2):

176-180.

[4] MARTI J R, AHMADI H, BASHUALDO L. Linear

power-flow formulation based on a voltage-dependent

Society,

load model[J]. IEEE Transactions on Power Delivery,
2013, 28(3): 1682-1690.
[5] AHMADI H, MARTI

J R. Distribution system

optimization based on a linear power-flow formulation[J].

IEEE Transactions on Power Delivery, 2015, 30(1):
25-33.

(6] VEJFZR, FIRF. AT IRAEE Z CHRI D Em S
oA AL IC FE AR A TV ). B RGERY S
¥4, 2016, 44(24): 24-30.

WANG Fangzong, WANG Zhaofeng. An optimum
reconfiguration method for distribution networks with
DG based on mixed second-order

integer cone

[7

(8

[9]

[10]

[11]

[12]

[13]

programming[J]. Power System Protection and Control,
2016, 44(24): 24-30.

LR, U, J7 R, T 0 ) AL ORI AT 0 A 5
PAERC R E A TR ST ]. B RGEE BN, 2015,
39(14): 89-96.

HUANG Hongcheng, GU Jie, FANG Chen. Application
of undirected spanning tree-based parallel genetic
algorithm in distributed network reconfiguration[J].
Automation of Electric Power Systems, 2015, 39(14):
89-96.

SKE, TR R IC 1m FE FIT A AR B ) 2 A
FEEE]. W Ak, 2017, 37(5): 136-141.
ZHANG Jian, HE Yigang. Genetic algorithm based on all
spanning trees of undirected graph for distribution
network reconfiguration[J]. Electric Power Automation
Equipment, 2017, 37(5): 136-141.

MRBFRR, XIBHTY, W%k, 5. HET Mayeda A2 b 5 H
S R RESEE I TC b R 2 A [I]. b L R
2441, 2014, 34(34): 6150-6158

LIN Jikeng, LIU Yangsheng, PAN Yi, et al. Mayeda
spanning tree practical method combined with particle
swarm based
reconfiguration[J]. Proceedings of the CSEE, 2014,
34(34): 6150-6158.

MR, XUZEAR, BERRRR. BT oot o 4% S0k v i v 0
BT[], ISR, 2015, 52(13): 101-104.
CHEN Ning, LIU Xianlin, LIANG Huanhuan. Research

on the reconfiguration of distribution network based on

algorithm distribution ~ system

improved genetic algorithm[J]. Electrical Measurement
Instrumentation, 2015, 52(13): 101-104.

K, LA, WEE. BT TR TR TR
(5 A A URE L R AL (D). ) R SRR S A,
2016, 44(4): 22-28.

ZHANG Tao, SHI Suyi, XU Xueqin. Distribution network
reconfiguration with distributed generation based on
improved quantum binary particle swarm optimization[J].
Power System Protection and Control, 2016, 44(4):
22-28.

JABR R A. Minimum loss network reconfiguration using
mixed-integer convex programming[J]. IEEE Transactions
on Power Systems, 2012, 27(2): 1106-1115.

5, R, Mrest. FETHUE MOBPSO Sk 1155
3 A A RIUEIN 2 HARBC U )], O RS RIS
ik, 2016, 44(7): 62-68.

LU Yang, WU Junyong, HAO Liangliang. Multi-objective
distribution network reconfiguration with distributed
generations based on improved MOBPSO algorithm[J].
Power System Protection and Control, 2016, 44(7):



-32- &0 &GP DA
62-68. VESE R ABERE[T]. WA, 2014, 38(8): 2244-2249.

[14] ESMAEILIAN H R, FADAEINEDJAD R. Energy loss CHEN Jiajun, JIANG Tiezheng, ZHOU Yong, et al.
minimization in distribution systems utilizing an Reasonable allocation of distributed generation in
enhanced reconfiguration method integrating distributed distribution system considering voltage sag[J]. Power
generation[J]. IEEE Systems Journal, 2015, 9(4): System Technology, 2014, 38(8): 2244-2249.

1430-1439. [20] ZRARZS, REiGAL, Mol 55 R8s M i H M

[15] BRIEMS, P2, RN, % SET ook pURh s L Ik Z HrizAT 77 AL [T]. W0 R G H BBl E 4,
035 oA X RS L R LA D], ) RGE AL A Bk 2016, 28(10): 1-7.

AR, 2017, 29(4): 78-83. LUAN Weijie, CHENG Haozhong, YANG Guojian, et al.
CHEN Zhengpeng, HUANG Chun, ZHANG Yaping, et al. Multi-objective  operation mode optimization for
Distribution network reconfiguration with different distribution network using network reconfiguration[J].
distributed  generations based on improved dual Proceedings of the CSU-EPSA, 2016, 28(10): 1-7.

population genetic algorithm[J]. Proceedings of the [21] SRS, IMERE, JHEM, 5. JEF AR AR
CSU-EPSA, 2017, 29(4): 78-83. VI e R R [T]. DR R SR, 2016, 31(11):

[16] RATNAWEERA A, HALGMUGE S, WATSON H C. 120-128.

Self-organizing hierarchical particle swarm optimizer MA Caoyuan, SUN Zhanzhan, YIN Zhichao, et al.
with time-varying acceleration coefficients[J]. IEEE Reconfiguration of distribution network based on double
Transactions on Evolutionary Computation, 2004, 8(3): hybrid particle swarm - algorithm[J]. Transactions of
240-255. China Electrotechnical Society, 2016, 31(11): 120-128.

(7] 45 . TR B RSB SE e oo T o a016-09-08
YD), B BB, 2012. EER
ZOU Bichang. Study on the algorithm of distribution #1993 —), B, MEHRA, TR EHR
network reconfiguration and service restoration with %G A L A LA E-mail: 845041016@ qq.com
distributed generations[D]. Wuhan: Wuhan University, EAA (1967—), B, HATAN, TEAEE L%
2012. . . S .

(18] F 40, EARA. K S VR S 47 T . A, FiM A TA2HERSF T4, Email: 21249343@
VRN, 2014, 34(9): 2552-2556. aeom . L .
WANG Jiquan, WAN((} ;ulin. Improvement analysis and . R (19840), S, BAEAA, #E, P, 225

. . R 75 6] 4 W H) F sk AR . Email: 15166067888@163.com
application of firefly algorithm[J]. Journal of Computer
Applications, 2014, 34(9): 2552-2556. (4 £Hm)
(19] BRxMR, kb, M5, 5 %R BRI U



	DOI: 10.7667/PSPC171701 
	基于改进萤火虫算法的含DG配电网重构方法 
	A distribution network reconfiguration method with distributed generation 
	based on improved firefly algorithm 
	1.1 目标函数 
	1.2 约束条件 
	1.3 DG潮流计算模型 
	2.1 标准萤火虫优化算法 
	2.2 改进萤火虫优化算法 
	3.1 网络拓扑优化 
	3.2 算法流程 
	LI Chunyan, ZHONG Jun, XU Zhong. A test method for stochastic distribution system reconfiguration using boundary analysis and linear regression[J]. Transactions of China Electrotechnical Society, 2015, 30(S2): 176-180. 
	WANG Fangzong, WANG Zhaofeng. An optimum reconfiguration method for distribution networks with DG based on mixed integer second-order cone programming[J]. Power System Protection and Control, 2016, 44(24): 24-30. 
	HUANG Hongcheng, GU Jie, FANG Chen. Application of undirected spanning tree-based parallel genetic algorithm in distributed network reconfiguration[J]. Automation of Electric Power Systems, 2015, 39(14): 89-96. 
	ZHANG Jian, HE Yigang. Genetic algorithm based on all spanning trees of undirected graph for distribution network reconfiguration[J]. Electric Power Automation Equipment, 2017, 37(5): 136-141. 
	LIN Jikeng, LIU Yangsheng, PAN Yi, et al. Mayeda spanning tree practical method combined with particle swarm algorithm based distribution system reconfiguration[J]. Proceedings of the CSEE, 2014, 34(34): 6150-6158. 
	CHEN Ning, LIU Xianlin, LIANG Huanhuan. Research on the reconfiguration of distribution network based on improved genetic algorithm[J]. Electrical Measurement Instrumentation, 2015, 52(13): 101-104. 
	ZHANG Tao, SHI Suyi, XU Xueqin. Distribution network reconfiguration with distributed generation based on improved quantum binary particle swarm optimization[J]. Power System Protection and Control, 2016, 44(4): 22-28. 
	LU Yang, WU Junyong, HAO Liangliang. Multi-objective distribution network reconfiguration with distributed generations based on improved MOBPSO algorithm[J]. Power System Protection and Control, 2016, 44(7): 62-68. 
	CHEN Zhengpeng, HUANG Chun, ZHANG Yaping, et al. Distribution network reconfiguration with different distributed generations based on improved dual population genetic algorithm[J]. Proceedings of the CSU-EPSA, 2017, 29(4): 78-83. 
	ZOU Bichang. Study on the algorithm of distribution network reconfiguration and service restoration with distributed generations[D]. Wuhan: Wuhan University, 2012. 
	WANG Jiquan, WANG Fulin. Improvement analysis and application of firefly algorithm[J]. Journal of Computer Applications, 2014, 34(9): 2552-2556. 
	CHEN Jiajun, JIANG Tiezheng, ZHOU Yong, et al. Reasonable allocation of distributed generation in distribution system considering voltage sag[J]. Power System Technology, 2014, 38(8): 2244-2249. 
	LUAN Weijie, CHENG Haozhong, YANG Guojian, et al. Multi-objective operation mode optimization for distribution network using network reconfiguration[J]. Proceedings of the CSU-EPSA, 2016, 28(10): 1-7. 
	MA Caoyuan, SUN Zhanzhan, YIN Zhichao, et al. Reconfiguration of distribution network based on double hybrid particle swarm algorithm[J]. Transactions of China Electrotechnical Society, 2016, 31(11): 120-128. 
	许  喆(1993—)，男，硕士研究生，主要研究方向为配电系统及其自动化技术；E-mail: 845041016@ qq.com 
	潘金生(1967—)，男，高级工程师，主要从事电力系统规划设计、咨询及工程建设等工作；Email: 21249343@ qq.com 



