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Substation locating and sizing in rural power system based on GIS
and modified differential evolution algorithm

XU Tong-yu, SUN Yan-hui
(Shenyang Agricultural University, Shenyang 110161, China)

Abstract: A modified differential evolution (MDE) algorithm is introduced to solve the problems of substation location
optimization based on GIS. Numerical study is carried out using three benchmark functions to the introduced inertia scaling factor
MDE algorithm, and the result is compared with that of dynamic differential evolution. Analysis results show that the efficiency of
modified differential evolution is significantly improved for adjusting the inertia scaling factor F scope purposefully to different
function. The model of thé problem involving the geographic information, the rural power network characteristic and its located
complex geographical environment make the given solution more effective and feasible.
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Fig. 1 DE algorithm flowchart
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Tab.1 Algorithm performance analysis

. TR R HEEH (O

fi(x) L) f5(x) fi(x) f2(x) (%)
DE7 5.170 89e-7 92.891 04 2.966 8 2974 50 000 4000

F[0, 2]} 37.898 6e-7 10 462.66 3703 20 000
F[o,1] 5.019 6e-7 8 942.465 0.007 264 3561 20 000 4 000
F{0.2,0.9] 7.3623e.7 11 818.17 0.013 195 3696 20 000 4 000
MPE F[0.5,0.9] 2.9309e-7 5.588 2 3481 - 4 000
F[0.2,0.6] ——— 2254577 0.009 7 - 20 000 4 000

F[0.45,0.55] - 86.736 9 20000

i=1,2,N

3 MRS EEET Rib RN PSR

3.1 B#rE#

7 e sl AR A0 R R B R R B AR R K R 4R
AT o AR, LR Lk () 5T B R R4 A
DAAR e, 0 o 44 I Aol B /MR BRI R 1B AT A A H
PREREL, MR E . AR BT,

CL 50 S A7 s R SRR RN, 3 AR R s A B

(5) HixE -

5]
Sn S, >0

n=

0
5,50

n

m
Sn=S_S0—ZSt (5)
i=1
K o MR FER BN s, AFELE
ﬁl&ﬁé‘?giy MVA; SN %*ﬁﬁﬁ%%’ﬁ%a MVA; S
AR PFENYX TR ELSER; P AMBEAKF
FEHFIR B AT r AARBWFRL; s, hEH
BHIENE: m ADHERBRENMG s, A% 4 E
AR EMRACPEREER; [ | A IREHHE.
75 el b ) R Y 2R3 D T T B4 1R R
minC = Cl +C2 +C3
st. T W] SSie(Sl-)cosgo i=1,2,"’,N
jed,
Iy < R

g g =1 (6)

i=1

je J; JTUJyUUdy =J
8ij € {01}

Arf: N ACHMAFRZREREH: w, hidT )
R ARE KN L R 7 E i ( X Vi ) 5t ( Xj
yj) Z AR BB, lij=\/(x,-—xj)2+(yi—yj)2 H J,7"7
B AR IATRES: J AR AR RH
6 RAE INREIEHERRR, o(S) N i
ARG, s 5 i M ERER; g A
J R EREH | RHHEERE, g =0FR
“H7, gy =1FIRRE”; o ATTHEBRER AL SR
BRAFIBITRM ¢ I EBEEE A3 B R R
LBEGRBFERM; o MEE KA IR MLk
B R 1R BT

n (1+k)mk

C = T(S;)~—————+u(S,))

1 El(n, )(1+k)'"—1 u( @)
kl+k)Y X

C, = 1.

2 0{(1+k)t—1]§1jezj,- v ®
N 2

G=B8Y ¥ Wil; ©)
i=1 jeJ;

R n AFERBRIEMG 1s) A MR
RS R w(s) AH i DR RIERIEAT
T m HTEERATIAER; ¢ AR EEEN
RERITIHERR: & ARSEIUCESRIGEIE; 7,8
PR A RS j Putith, M B BRI R X
oA B BB BRI T 0 =n,m0m900 >



WEY, % ET GIS MM s S ER R R hENE e A -37-

e, g, AHuE ) FAHPEREME T g, itk
J R GEEMIE T3 n,, R & RWE
Tionje AR AR REWET: o WELKE
BB ERA: B NEBNRITERY,
B=BbB U cos’ ) s B HARTERAMT: B, 10KV
BN BRI g HERFENTEL U AL HRIE.

fE% BN MDE BykihiT 48 s vk it 2 %
Bf, AN RS SCRAAR I Bk — AR, i
% PRR R B AT TR B AR s e b R S, B
BFISN S E M E R R, BRASE B AR LT
REV R NREF, BiRERECh:
f=q+q+q+am§wr&%wmwn

JjeJi
0% 3 94, -R)
i=1 je J;

Hep: A o ARKRNERE, RESHRT, ¢
PREE ST

(10)

Lx>0

11
0,x<0 an

P(x) = {

3.2 GIS FiB{E RS TE

GIS fth R H i E R B LA E S, —K,
AR SR, M ALE MR F I
R HEXE. ik EHEIE AR, fHEE.
HEREA, MR, AOEEN . BTN, #hbt
HWEEE R, XUEE RN T HEEIHRM T REt
HIKHE . EMRIKEA, EHBATEEXE, &
G5 E AR b X T BOGR RAR R A e AT LU IR AR s
B, HURUERKERECIIRIEK, #H
T H AR B AR T R X B R R R SRR

ARAS o P (R R B PR BT, SR AT A R BE
K, BEESM, B—HE, BURHSEH, RS
ZIAZHEEH B, BNy S. HErkn
HIBALE RS, EXFRMX AT R B R A
B, BT LA 305 DL S R B B B X e B R B A R
AE, IFTERMR AR MR B AR 4
REWEHMBTEMtHEYEE., REREERET
B R ERENE, ehBEREERE
*.
3.3 £F MDE B2 bkt F 8

A kit AL B

SR MRUEESHEERES D, MR
B on. BREARE L A FE CR AL FIR% F

FITE %), MR4E MR X AR i T A B K S
o BRI A LA o AR B U SR AR A X 1]

HIR 2. BENLVIEAIL DE Bk R AMARA B (2
L 7K )

ST 3 MEHEGFRWIHER. HERFR.
BAYE RS, HIRTEEEE SN AT G R
/Y, 3 B IE% SEARTTAT X A Mz B i
B EFSEIE.

BB 4 SFEPENME, RIEZREECHT
TR EE.

BB S SRBERIAME, RIE L XEHOHET
X #tE

BB 6: XMERRXNEHIFEE, RE\EMEH
PrE, FIWAS TR ST MR IE R EAR AT
BN ARSI RN EFACMNE.

IR 7. BT R A S A 4 B B RN AR EL
B HRBEERFAFARDRIELER, FHEH
WHAR. ME. EEEERE, AXQ0THE
MERERLEE, HHR 2 RRE R xgpes o

FR]R 8. AWHERTERS, WRES, PIT
FB]R 9, B FFhEE P BREA AR LS AR A
B3z R IR E T EF T E SRR EANME,
IR 4,

BIR9: B A JRARAE xgpes FOXT REAR UGS

BERFTHAGERL, BRER.

4 HEHDH

K EAEFHRKXLEHEHEE £ X R
3145F AR, MRIERE2007FE, KFPEFH2020
&, TM20204E M ATRHER52.99 MW, TR/
PMESMERLRK2. EEEERBTEANOMVA, &
FHELEL.6. MI|AR (5) WE, THETHEIE—FE,

%2 ORI REES R

Tab.2 Load size and position distribution

k)= AbFR/km FE/MW
X Y
1 550.1 4615.35 11.34
2 549.64 4613.91 10.34
3 550.74 4612.11 13.34
4 553.79 4610.96 9.26
5 554.64 4612.80 8.71
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Tab.3 Results of optimization
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Fig.2 Result of substation location
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