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FACTS parameters optimization based on Prony analysis

WANG Ke, SONG Xiao-zhe, XING Sheng-li
(School of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract; Aiming at the inter-area low frequency oscillation of interconnected power system, an optimization method based on Prony analysis
was proposed for the flexible alternative current transmission systems( FACTS) parameters optimization to improve the damping of the system.
The dominant mode damping ratio derived from Prony analysis of the transmission power oscillation was introduced as the objective of the opti-
mization model. The modes amplitude ratio constraint was also introduced and an optimization model was established. To solve the nonlinear
optimization model, the improved particle swarm optimization( PSO) was adopted, in which to prevent the algorithm from being trapped into
local optima, a chaos operation was introduced to improve the population diversity. To verify the effectiveness of the optimization method,
IEEE 4-machine-11-bus system was adopted for simulation. The results indicate that after the installation of static var compensator( SVC)
with optimized parameters, the transient adjustment time of the tie-line power flow oscillationis reduced for more than 44% , and the inter-ar-
ea low frequency oscillation is depressed effectively.

Key words:; inter-area low frequency oscillation; Prony analysis; flexible alternative current transmission systems( FACTS) ; particle swarm

optimization( PSO) ; chaos operation; static var compensator( SVC)

0 B = T 7 FR G AU v T )
H HTAME S0 1 R G RasE A (PSS) P il LA
W L ) R SR R L) R BRI 28 e ke DX PR AT 3% 0 BT, (L2 AR o > [X G
B, DX 0] AR o R R 2 B 06 . BRI AERELE 5 3 7 A X Sl i BB 4% £ T LA A
L2 AR L ) RGN B AR 1, RN 2o/ N X, 7 DX PR (L 2 20052 591 B 355 0 - ol A 25
W) B L RE AR A 2 AT R DX SR AR v, . IR . FACTS 35 4 PR G 22 %5 o 5 720 LA &

YR EE:2012 -12 - 17
EERN: £ (1987 - ), B WIISARA , EE NS A Rk M6 77 1 9 WF5E. E-mail : kewang. tommy@ gmail. com


http://www.a-pdf.com/?product-split-demo

57

OB AE T Prony MR J) R SE FACTS s S0k - 871 -

BLAFAY S 2 ERE' M S — Rl ] X AR A5 4R 9 19 7
A IEARR 32 G,

FH FACTS 54 3K 0 IX ) (AR 55 , o Bt 472
Bt AL G AT T L Re 8 LR LB IS KA .
FELJE LI 1 DA 1969 4E H1 Demello F'7 2 Hy LISk , 15 i
R T AT RIIIR G A E S Ty vk . SCHR T8 T HER: T HL L
Jo95 KRR GRS 1) 55 B AL, 48 10 T 52 e g
ARG K, SCHR[89 4 TH I &R
GEAEFRE M T L AL BY 5 Y T SCBRHL ) RS
TEAZ BN Bl B & AR AR IR 3 0 SR PR o SR T AR i2E AT
FACTS 280 T, A% 48 09 f B 5 vk i R Sk 0+ 43
R/ I

R T AR —FP S B FACTS S84 T 15, A HF
FEHET Prony SMHF ", #E ST FACTS ZE0 LA A i
T A ) e AR5 B e i 3 R Ok R R R S
RELJE. , 41t DX Ja pal () AR A 41 375

R E A TR AL Bk O BIIR KRR
DL PSO 45 w8 R SR A AR e MR ALY, PSO Wi
SR e PR EL RS AR B SR AR IR e T
R, {HR PSO 255 kA R lesk ', Bk, A
FER AR Mz A s sk PSO, I 48 s Rl R S
PSR A R B ) SR A M Bl ) T

1 3T Prony 43 Hr B9 AL 55 L

Prony /3 7E 1795 AERE Y JE—FEAE
AR R SR AR T R N B S
y(t) = 2‘1 A e cos(2mfit +6,) (1)
W= (1) Frzs , Prony 30RHAE S v (0) 73R g
I IESZAE S A, e cos(2mf,t +6,) &I B—1
W SL AR S HRRRR Ry —> B, I BT LAE CBH
Jet:
S,
fo=—— )
V(Q2af,)? +8,
FELJE BB , A58 8 e S5 P e
TEFTA R, BA e KR A AR U oy £ 5
B2 (dominant mode) n,, BERYBHIE I &, & TIHF S
y(0) ELE
L) AR GE X S A AT IR 7 2 AR IAE 2 L ) R 5¢
AR DB RN 2 4 | AR A D R i IR , an SR
ZIRG I E BRI L ¢, BRUSTE L %E FACTS &% 4%
ZIEts B, X AR i B e 275 B4
I FACTS ZEEALBE A ) H bR s BCH F(K)

F(K) =min[ £, (K) £, (K) ]

A : K—FACTS RIS 8m & 5 £, (K) — ARl
BEAAE R IR L AR YR LS E e, i =1,
2, ns F(K) —H A i/ IME,

Pk Bn R 3R EE M K ffi115 F(K) 5ok,

7t Prony ZhAfr v, R RS 2 KA 2 RR g vk B4R
R (secondary mode)n, . X T FFHA n, FIKERRK
n, BRI L A, /A, TR 2 B ST AR B i AT 5 )&
IR SRR T &, TR, R EZ AR e
b &, BN, I H A /A, BEEE 1R 2455 MBH e
FEBWERAIE I & g, T LEH IR A,/A,
B fe/ IMEZY R, 4 s

A

1= (4)

Arbror—A, A, F5 2506 2 B N

h T S IR AR /N Y 55 B R AR X B 2/ IR
i DX AL S Eh 38437 , 5 278 TR R AR

D < Max, — Min,, (5)

oA l— TP (A 5 1, Max,—tl P9 AL 5 2 R
KAE, Min,—ul WAE D)% e/ MAE , D—Max ,, Fl Min, 2.
22 FT i il 2 10 Fe /ML

]I 2% [& FACTS Beas i S HGU B 20, P A Al
W A

Max F(K) =min[ £, (K) ,--- &, (K) ]

s. t. &Br
A, (6)
D <Max, — Min,,
K™ <K <K™=172,-,1
P K—K P j AR S EG K™ K —K,
S R ) S ML B AR
2 Yk PSO

DR R AR 2 (6) 1o s B AR e 1, AR M BB 2
tH &, F1 K 2 [l 856 2 ARBFSE R ARG PSO sk
%R

PSO 37 SRR L& 1T M3 & , 50 it Eberhanrt
{1 Kennedy -4 31 1, J&— ol faf 20 H 4 4y 38
A R 1, X T A A B (BRI, O HLEAT
e SICHE P BRI A5

PSO HEfbset F v , AR 40 1 A A RN, A K1 e
1L RBIA AR, LA — AT BT R B e L i
SRR ENTRE T R — R T — ki i 72
s Al , R KR



. 872 - HL L

™ % %30 &

v(n,m) =v(n,m-1) +¢, xrand, x (ibest(n,m) -
p(n,m)) +¢, xrand, x (gbest(m) —p(n,
m)) (7)
p(n,m+1) =p(n,m) +v(n,m) (8)
X o(n,m)—5% n ASRLFTES m kb Ry 221k
e, ,0 BAERE, MR ¢, +¢, =1;rand, ,rand,—7F
TWHIL0, 1] N BEALEL ibest (n,m) —2 n ASKL T 255
m ARFRHE A 1k T 48 2% 21 1Y) S5 0 i 5 gbest (m) — T A1 KL
TR m AR RE A (AT R B W L p (n,m)—
55 m AREEE IS n AN
K (6) Fm By P BB v, X FALA ] — ik K, F
(K) 2 H 10 A3 A
PSO HA7 WS 2 iy It a5, (H & 7E SO0 i o
I HIAR 2 5 A R ST A R SR B AR
SRR TS A B 1 J) 38 e O A I, gl A ok T
b, X FER R TR G = 2 TS A5
FIAR WIS 5, DL3E i Fh e 09 2 40 1, JOF A Sr etk
PSO, & IR G PSO M A Qe 1 5
N, — B R A RISk, itk PSO 23 AT IR Wi B8, %
A BRI TS S, B AR S A s i R 2
JRARAR I BE T

HPFACTSIE B4

BT ASIHRE

[t — i |

F1 Bt PSO AR El

AL RN D SN/ L N

y(k+1) =uxy(k) x (1 -y(k)) O0<y(k)<l (9)

MR 3. 57T<u<4.0,3H y(k) ¢ {0.25,0. 50,
0.75} B4 y (k) BT 23 DA R 25 1] [ 0,1 ],

FELO, 1 NIRRT A p, SR e,
SRR H B SRy RS S, X T S R AR b A B — A, A
[0, 1] NS00 = LE BEAILER p, , 24 p, <p. I, %0 0 5
—ANTCRG SRR LU (1) ~ (4) B2 RIFATIRIE
B SN %SRS

(1) XFF5 L AR ] ADTTR v, P HEE 2
F IR (10) A B y,,(0)
yi,j<0> = -xli:;_xil;{in

X —X

(10)

(2) B HEAT n 438y, () o

) ARIECIL) Ky, (n) AR BN o, ARV
2N 3,

xy =l 4y, () x (el -

(4) }EH;LJ%@ Xjjo
35 B

M 5T R SVC Ry ], 55 UE 5 T Prony 43 7 (1)
FACTS &2 25U AL R L K 5] A T IR I is 5 1 2
it PSO (A 3P, SVC K HHT B 5 2l R I BPA
HRY) V ELRLFT WB

EF R 2 TIEEE 4 B 11 39S R G &
SEH RGN 2 PR 882 RRFGE R 1 RS X
SR R R v e A

(11)

8§ 9 10 11

G 1 5 6 7
pNTqp I iy B
| |
2 4
G, G,

K2 IEEE 4 HL11 3 E RS

ARBEFEAETT A 6 _FIsE SVC, IF HoR s 8—9 I
ek D A A B (RS o AEAN TR A 3 i B = A
AR, SRR AT AN 1 B R HAE S AN RBZ RS
bR, WL L % 8—9 L& R Ik , I #EAT Prony
IR, A B RIS 25 T A% i D R ik 7 2 AR
BHIELE €., 93K F(K) , 15 BRI AF, n] LI 57
X (6) APLALEE Y, I F kit PSO #EA73K %

R1 HEMS

BG=

VB 2 Mo A
1 ks 5—6 13 5L S M
2 ks 6—7 135 51 6
3 kst 9—10 AYF7 58 9 il

I T AT S BRI SVC T, 9 T BAIE R G
DX TR AR 41k 157 02 75 RE A5 2 I ikl , 28 K &2 %€ SVC i
JE R 1 SRR 8—9 LI KRR 9—10 | 1L
YR AT b, A 3 (- 4 iR . FEAR D% SVC
i, e Z BJE 78 & AR RS IS, RGBS 2k LY T
R AR F B ZL, Wimde T T S EUE AR SVe Z
J5 , RGERIPHLC AR T $ s R 2k b i D R AR % AR
WS E TR E



OB AE T Prony MR J) R SE FACTS s S0k

- 873 -

— SVC Installed|

02 4 6 & 10 12 14 16 18
s

K3 2k 8—9 LS HIIFRNRY

—No SVC 1
— SVC Installed| |

-1400f
41500 f
-1 600
-1700
-1800f ]
1900 |
2000 §
2100}
0 2 4 6 8§ 10 12 14 16 18

t/s
Kl 4

2R 9—10 | BRI TR IR
Fb#sE SVC 24507 e & DR B v FL it [a] ¢, . BT
D R RBA R E M £ 5% LR 2 N rds &
R B TR ) A i T 3 R N ] AN 3 2 TR
R2 (EHTHRFERE

P/MW

t./s .
TESVCH  wEsveE | (%)
M 8—9 35.6 19.9 441
21 9—10 20.2 4.9 75.7

LARSEANALR SVC Z 5 BREG L AL iy D) A4 R
W) fe /Mg D T 44 1% U] T ASBIFFE 4 HE B9 FACTS
SRARTTIE AR

Y e 3 SR R AR MR e 20 R A
(4) BIA RN, ARSI 077 FEAA T IR AR A X
(4) Bt oL R AT SVC ZHAL, JF WLk % 9—10 1k
BB 1 2R R RS AR G , IR L2 oR LR
HEWE S Frn. UAFHEARGEAER(4) B, LK
9—10 iy diRdRy BOMmIZL, PRt , 29 26 AR (4) 1

4 HiRE

ARHF5EIE T Prony S HTEESE T FACTS S04 1L1L
FRL, ISR F T 2% SRR IS B A etk PSO X i Al A s
RUHA TR A o %7538 ik B i P X IR R
BHJE Y 32 AU HE i R GE B, ke B0 T R A% G A AT
TERERGE R, HA PR T AR AN . D B4
RFI, 2t BRI FACTS 5 4 BE 515 W 5 114
P Dl 2815 35 P B e o 2D 44% D L B A 1L 2
FAMF A MBS ) T 45 SR A A

AW FE R B4R B FACTS S50tk ik | ik
ARG 4R 25 Fi g RGBS, I X PR (BT B 37 , (H 0
HEA 4 FACTS Bras e b s k#0175 . 16455
FIRFFFE R, 28 00 5 9T AADls FACTS S 50R1%8 %6
Hb oS R AR, AR i 7y R G0 X SRR IR o

222 3L ik ( References) :
(U] REISC, Ay, T I5AR, A5 RIS ELIGE FL X AT IR 35 5

Hr STk sk [ ] AR, 2011,35(10) :22-28.
HU Zhi-jian. H, Control of Inter-area Oscillations based on
WAMs Considering Signals Transmission delay [ C]//Pro-
ceeding of ICIEA 2007. Harbin, China; [ s. n. ], 2007,
1453-1458.

A, B, PR T2 M0 RGN &
GREMMBTTELT]. L THARAH,2004,19(5) :61-65.
FEIISE, XSCHT, 3 08, 45 S TR 2% 4 10 T FL R
BRGNSk T]. L R 5E A 31k ,2007,31(17) :94-98.
GALIANA D F, ALMEIDA K, TOUSSAINT M, et al. As-

(2]

(3]

(4]

(5]
sessment and control of the impact of FACTS devices on
power system performance [ J |. IEEE Transactions on
Power Systems,1996,11(4) :1931-1936.

FEAREE . S XA RABUR 5 1 FACTS BHLJE 2
HILT]. B EH A ,2007,33(1) :189-192.

DEMELLO P F, CONCORDIA C. Concepts of synchronous
machine stability as affected by excitation control[ J]. IEEE
Transactions on Power Apparatus and Systems, 1969 ,88
(4):316-328.

AR AL

-1300

-1400f:
-1 500
1600}

-1700
-1 800

PIMW

-1900¢ | af ¥
2000 |

2100} ¥

2200—

With Constrain (4)
- Without Constrain

)

0o 2 4

6 8

10 12 14 16
1/s

5 BEaiEAE L2 R LA

18

[10]

PR, BB, IhE FR. 302 07 R 48 00 B0 A 43 pr
[M]. dbst iR AL, 2002.
KUNDUR P. iy &gk SR [M]. dbat: R 7
AR ,2001.
WO, AR B SVC A Bh 3 il BELJE DXk 18] A A5 B
W) B TR ARZIR,2006,21(12) :40-46.
M0 AN A R AR BT EGH Prony SRLRYHL TR
SRR T]. EAR ,2009,33(5) (44-47.
(F#% 896 W)



- 896 - HL L,

™ % %30 &

A e O B R e ARBGE Y T IR
QbR f e HEATPUN B IE . 45 2R HA — G A% 7
RPN A B, H AR BT IE B, U3 R A E) T
9%

Horp XA S N TR, B
1 TS 2k Sk 25 it B REER 07, Sy N IEl 9 Bis .

KO BRI EAR S b

5 ZEWGR

ASHITFE BT 1 026 18 % H [A)E, B T Matlab 4%
7, 255 UG AL BRI B R0 B 1 g R AR 18 K H Y
PWHITIRE . SEERETREM %7 R BIR 22N, IR i
RAR EBBCR B, 3R 22 AT LAIROR AR I &
G5 BRI S AT WU, SR AR IR T A e A
T E R WIS S B SRR E A R AR SR AR
A b, EFERE IR A 2 S ] BE 2 i S e 2R

AOHERATE , i T 3 A XU [ Y, AT ] R B
3 A DI P SRR 3 A TR Oy ok o
I ESEESEEID IR 8

5% 3Lk ( References) :

(1] 5KfEF. Matlab ¥ FR AL B M ). b 5T HLAK Tl Hi b
#,2009.

[2] ZHEHE. Matlab UG AL P 5 FiH AR M [ M ] JL5T.
Tkt WA ,2009.

(3] ¥ #h, FLELS, T2OR 5. PR S S0 R m
BREEASIAT T[T ] AERIFFE A4 ,2010,22(10) :56-59.

[4] LIU C, SZELISKI R, BING K S, et al. Automatic estima-
tion and removal of noise from a single image[ J]. IEEE
Transactions on Pattern Analysis and Machine Intelli-
genc,2008,30(2) :299-314.

[5] ZEH: AR rh. Matlab ST M M]. L5t g7 T
b HE A, 2011 :248-265.

(6] XIRIL, TMERT. JKEE BTy B RS RE ) LA R S LA
Wb A ALY ] A SRR 441, 2006,27 (8 ) :840-844.

[7] BUADES A, COLL B, MOREL J M. Nonlocal image and
movie denoising| J]. International Journal of Computer
Vision,2008,76(2) :123-139.

[8] SONKA M, HLAVAC V, BOYLE R. F{£ALBE 2347 5 KL
ALBE[ M. 3 B bt E AR L, 2011,

(9] E A8, 3BEESC, MhARAR, 45 MR FIRLISE FE 1Y [ 2l i 5
[J]. ¥ ,2009,37(S1) :79-86.

[10] X1 M. Matlab $r# EGA PR M. J6 50 HLAE Tl R
#1,2010.

[ 4EE: % ]

(L% 873 )

[12] JI Chang-ming, LIU Fang, ZHANG Xin-ming. Particle
Swarm Optimization based on Catfish Effect for Flood Opti-
mal Operation of Reservoir[ C]//Proceeding of ICNC11.
Chongqing, China,2001 :1197-1201.

[13] LU Lin, LUO Qi, LIU Jun-yong, et al. An Improved Parti-
cle Swarm Optimization Algorithm [ C ]// Proceeding of
IEEE GrC 2008. Hangzhou, China,2008 :486-490.

[14] WANG Zhen, SONG Xiao-zhe, GAN De-qiang, et al. Co-
ordinated FACTS Damping Controller Design Based on a
Trajectory Optimization Method [ C ]// Proceeding of
DRPT2011. Weihai, China,2011:51-56.

(IS pdidn, 38 &0, W 55, 4. JE T Prony J7 LRI &

ek 0T B PSS ZHT [T ] LI AR, 2004,
28(15) :31-34.

[16]  EWEde, PRI, — Mttt roRL T RELAL SR [T ). RS
15 B2 41,2007 ,19(21) :4922-4925.

(171 5KEES, BOL K. T b 5 FE 4032 49 v T 6 R 0 T
ARl J]. B4 AR ,2012,36(2) :158-162.

[18] KLEIN M, ROGERS J G, KUNDUR P. A fundamental
study of inter-area oscillations in power systems[ J]. IEEE
Transactions on Power Systems,1991,6(3) :914-921.

[19]  BSCR, BREEE k0 e #5308 CAT AR [(M]. Juat.
FLaf A, 2006.

[wEE: 2 ]



