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Abstract

Recently, circumstances surrounding power systems have changed significantly. In this paper, the voltage

and reactive power control (VQC) of a system with load changes using a multi-objective optimization method is

proposed. In this research, the simulation was carried out by using an excellent multi-objective optimization GA
known as the Elitist Non-Dominated Sorting Genetic Algorithm (NSGA?2).
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The dominance number of each individualis counted at the
same time with the controlled number, and then ranked by
subtracting 1 from the controlled number.

in addition, the count of the dominance number is used to
associate the dominance relation between individuals.

By counting dominance and under controlled (superiority) at the
same time, Pareto ranking Goldbergis faster

Fig.2 Fast Non-Dominated Sorting

Fig3 &, =V — FERICLDIMENZ R LELDOTH 5,
WH O GA O =Y — MRIF & [RS8 IS B O @O E AR TR
(EALT > 7)) T A, EOVILBR 3 2 R X -
TH—Z v 7 OB ZHET DT 2K L TW\W5, Figd
X, REENEEOMENZRLIELOTHD, REER
B2 1L, SMEAKOHELZRTLOTHY, INEREIFE
BThsd, ZoME»/hS W EEIIMoOEERICHEEL Tk
D, M E PRI CER & A D, SR & O E A, B
ThHYVMAERNEWEERE 2D, ik =) — hE
FO TR CRMERS O/ WEEKEEIRT S Z &0,

fRDSHEME DR (= v F o )RR b D &R B,

7k, FERROIRMEE R d, (PR L TV D 2 fEIRICH L
T, MPzhsrRickvRHaEns Z Lichkhs,



% HW B L Tk & 2 B 2T & B8 L /=781 - S0 I

R, o Fig.s X, TNO&ME=70—F ¥ —FThY, Rkic
f ZOTNTY XRAOFEMELEL TS,

[NS1]:R(=P, +FQ)E D A% T > & M AEKT D,
INS2L: AR S L= R % R4l L, FFMfE2 5% 5,

P, F;

> P

z & [NS3): 5 % &N 7= FFAREIC 5 L C, e — b ic
a S | mcvdueiwitnbss 3 EVEEIKICT R a2 5, LT, KKK
" X0 G LTy =7 U > 7O L 72 5 RME d, 25T 5,

d,\%, 7% 7 i (Rankl,2,3+-)OfEEICHERAL, 1

epunog

- : e ——— BOFMEE () okt 5 (AT B S oo fi)
e oo car o | s srrtion i s Ek, ZhAEMEICY—hLCHEET 52 Lok B,
G AR R B R & 7 D AR A S R R 2 LT

LT, HEKD 4, BRESHD 2 LT 5, d K
VIE ETE PR LB RS FE L Tnie iz, HEE
RfETHY, INEERNFICKMEESZ ETRI—F
Distance in Degree of congestion : represents 7 W < @ﬁ? 2 gii‘lé %1%%j— LItk 3 ﬂ‘ﬁlé & 72 2 ©
PR each objective the density of inter-individual [NS4] :ﬂﬂ {z’g I x 7]||E 2y — 1+ % . T X 7D

I Y function distance N
Intilvulualii

H 1

i

h P Individual mumber N \ﬂﬁlﬁgﬁl 5 J|LE(F17F2. . )g:;ﬁﬂg ﬁg Py L:f;ﬁﬁ—gﬂ 5, =

. X X k:Objective function number
S ! (5,00 0,0
H TR

i e 4 Tt A;I“;;\'umberqf objective finction D, Puy OIRIEF A XL T OEEIZEIKE NS Z L1
- = [NS5]:Poyy IR AT S AU72 ERIC K LT, SLERIC K o THUE
' 4—dxd, RERINL, ZhODORY - SRERN S5 HEEE b
T —F AL FERIGIZ KV TR Quy KT D,
f—=F A FOFHIEETROL I ITEREIND, T
A LNIRIENEERICH LT, ETEEOT 7 ICD
WTHET %, WIZ, BIRSDEMEERR—F 7 0
AE d, DB AT, IVEATWLEERERET S,
Fig.4 Congestion level distance [NS6]: e L7z ic iy L TRALEREZFEITT D,
[NS7]:Pi) & Qui ZEADLHETR, & T 5,
C Start D [NS8]:4& T 46k 2 24 % & T[NS2]~[NS7] % % v i,

v

| [NS 1] Creation of initial popuration

Fig.3 Elitism

Vaximauin value of objective funciion 7 2 5
; o

3.5 fREES ORI T ik
i fREE A ORI F I, EITHOSZERIEICE LD E)
- - Wb, BRRMIZIZZENEZED LT O 2 STl 44T 5
4>| [NS 2] Evaluation of popuration | - rih s
(R DY — 725340 (43 HR)

[NS 3] Calculation ranking and crowding (D) DRI &
distance INOEFMET S FIELE LT, OSBOELSNER
v J LB 3 (Cover Rate) L iROIED L BRRES LTV D,

AL TIEHMOEOR LRz HHL, BESD

[NS 4] Elitist Selection S REVE D AT A8 M S AL T B

v
|[NS 5] Creation of Q by crossover | 35.1 fROEOE R
% BB D B KAE & e/ M O =TI D IR IR S 18
[[NS 6 Performance mutation | RLTW S, ARSCTHANRR 54 HINBIHE T
v £HT 52 L THWICROEOTIZ1T>T 05, B
[[NS7] R, =P, +Q, | % B O R OWE D 5 Wi rarion, % BB D
t=t+1 i KAIE & e/ MEZ fimaxs  fremin & L TELFIZERT,
NS 8] Evaluation search times )
Wi ration = fk.mm - (18)
fk,max

C End D 352 WEFR
R l— bR E R T DR, fROMEIREENS 1 Ik
PLTWTIERBWHES LS AR, TDH, )

Fig.5 Flow chart of NSGA2



DFEDIRIENIATIC BT 2 ENNE L 725, Z ORIE
DWEETH D, EEGLS : lcovenld, ol L
— MR T DR FHI FIETH Y, SNL— |k
Bl 7 v 2 MRS D WEIL & B O [ O R &
KL TIEHUTO LS e HiExZ TS,
£9, A HENEEICR T DR KE & R/ MEEZREE L,
ZOMEH LM UDID TEBWESsEERTHET S, £
nNZENZ B SN Bk E ERFE AN LT DL E
FEAMAE & L CERAT A @A LXK E L FIR LTV 5,
& % HHBIEL fl \Zxb 9 D B = Teover,k 1F, AL 72D
Nk

I/ =
coverk N
7k, ERUTBIT D NIEaEHE, NS b— b g
FAET 2/NEBRICB T A WEBREE)E R L TWb, F
7o, N b— Mgl fiRE A OYE R Icover 135 B MBIEIC
B HHE= lcover,k DT L o TRO BN D, HR
BRI M ZBIBEBOBE T LU TOLIITRD,

l —wm
Icover = M Zkrl Icover,k

S =

T2

-+(19)

]

1

2

S
_10

55
===
[6 6) 24

Fig.6 Cover rate

/

cover

=0.4166...=0.42

Fig.6 1Z, 0)=UT X VKD 512 #EE O M H 2 &X
ERLESLDTHD, Lo T, RO ML 1,

Bo/MEIX 0 L 72 DB REN R KRMED 112 e &, 27T
DFEICIENTFIEL TWAHZ &R0, MnEd+ 52
LR BIEICHM L TWD Z IR0, BNt
INDHZ LIThD, BRBARICTIXSEHE 100 & LT
HELTWS, £/, BRIORT 423 I 21— 3
FEROBFTCITBEE R OfE (Table 3, Table 4) % (20)=0
(2100 Z T, % THRIRLTWD,

N
K -

4. Salb—vayv

4.1 I =alb—va &t

AWFFETIE, HEKBEBHOBEOENFEHERET —X
2009 4--2010 40 H B i £ 8 % B /BB L 72 Fig.7, Fig.8
D ErH R RATER (2L, FAWMOHEE) Xt
L CNSGA2IZ LD VQC ZFEMELTW5DH, LD, K4

ZMZEIZL0 KL, &M 2 REKRMEHE &
b, 1 W LEAMERCHOVWTHRIL TS, ZH
DRGEFRBITICE DT — 22 5RLTWD, (F:3~5
H, B:6~8H, Fk:9~11, & :12~2H) k¥, BA

<

AR Z BB OB, AMRICI VI h2 LB ST

L RMEENE ZAT D T2, SFEORELfE O RS T & il
T OB, EERORIIF LN EEND Z LT D,
60.00
L
50.00 ::> T ;h\
ERSSEEZEENS
; 4000
)
s N
= 3000
2 -
£ ——— 2009 Spring
z _
g 20.00 2009 Summer | |
© ——— 2009 Autumn
b
= ——— 2009 Winter
S 10.00
~
0.00
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [h]
Fig.7 Daily load curve of each season of 2009
70.00
60.00 g ——
I -
= 50.00 =
5 — ——
E N
g 40.00
NS
5 3000 i_ —— 20105pring | |
g — 2010 Summer
<
: 20,00 — 2010 Autumn
B — 2010 Winter
=]
=
10.00
0.00
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [h]
Fig.8 Daily load curve of each season of 2010
Fig9 1, ZHhZEBEH L 15 BRRAXET L TH D,

Z OFRAATIEF 22 O HIFE K {(SC (6: 747 6, 8, 9,
10, 11, 13), ShR(6:E:#t 6, 8, 9, 10, 11, 13), LT(6:
BERR L, 2, 3, 4, 7, 12), Vg@:E:H#1, 2, 3, 4)) MK
BINTWD, YIHEEERE CIX SC FENEEL T
koL L, ShR & Vg (E&ESN 78 E) O EIXZ
NENFREMEIZH Y, ZOREL O RN EH S 4, LT
DH -y TREIREDNT A —ERERINDZ L b,
H1EFARMKET VBT 2EHHEHEZRLIEZLOTH
5, ZOXO KMok, AWNE#EEE LIZEE -
W22 &R ) A kLT, £ B AL FIE T d D NSGA2
ZMH L, TOMESLAKRTFIEDOHHEIZONTHFIL T
W5, F21F, KRPEICHWERENT A—FEEZRL
TW5,



% HW B L Tk & 2 B 2T & B8 L /=781 - S0 I

L, J(&OOQB

a0 7
sc sC,
é T 0.0158+j0.1316| '—° @
6 11 LTy
ShR, Hi Sh&% 70.0093
(6)[30.0051 an L
0.0072+j0.0565 0.0052+j0.0451
§0.0096 L Ves (2]
= ® T °
0.0162+0.1190 | | L
5] —7] G,

12

1 @;0.1885
LT,

1@?(}.1885

LT,

G, j0.0096
(2) T (14) T
o SC, SC, 0.0318+0.1700
2 13 15
{13
ShR, S} (13
1 Y, sSUD | vy 1,
Vo
0.0159+/0.0849
G 0.0142/+j0.0807
2 0.0023 10.0048
o —p

L 10.0044
mll

1000MVA Base

G1~G4 : Active power of generator

Fig.9 15 node power system model

Table.1 Details of model system

Restriction of Vypy and Vyax limit
Vv 0.9 V nax 1.1
Controlled parameter
Controller |Initial statement| Range of controller
SC 0.00 0.00=.5C,=0.60
ShR 0.00 0.00=ShR;=0.40
LT 1.00 0.90<LT.<1.10
Vg 1.00 090=TVg;=1.10

Table.2 Setting of parameter of NSGA2

P, size 100
Q, size 100
Selection Tournament
Length of Parameter 25
Tournament size 2
Crossover rate 1
Crossover 2points
Mutation rate 1/Length
Numbers of calculation 100000
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Table.3 Results of simulation of 2009

Calculated value
: — Reference value

Spring | Summer | Autumn| Winter
Transmission loss factor[%]| 098 | 102 | 094 | 100 5.00
Voltage deviation factor(%] | 1.59 | 159 | 160 | 157 5.00

Voltage regulating
41.03 [ 4150 | 3883 | 4171 60.00
equipment utilzation[%]

Width ratio of Average | 0.41 | 0.41 | 040 | 040 0.50
Cover rate[%] 03.76 | 6299 | 63.89 | 6343 06.67

Table.4 Results of simulation of 2010

Calculated value
- — Reference value

Spring | Summer| Autumn| Winter
Transmission loss factor[%]| 1.03 | LIS | LI13 | 104 5.00
Voltage deviation factor[%] | 1.66 | 165 | 163 | 1.64 5.00

Voltage regulating
430 4574 | 4.60 | 4276 60.00
equipment utilization[%)

Width ratio of Average | 041 | 043 | 044 | 041 0.50
Cover rate[%] 63.62 | 6340 | 63.56 | 63.33 66.67
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