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Abstract: Wide Area Power System Stabilizer (WAPSS) plays good damping effect on low frequency oscillation of
power system. Meanwhile, coordinated optimization method of WAPSS parameters can avoid weakening damping of
other oscillation modes when improving damping of one mode. In this paper, a two-stage coordination optimization
method of WAPSS parameters is proposed. At the first stage, WAPSS lead-lag link parameters are designed based on the
residual phase compensation principle. At the second stage, the optimized lead-lag link parameters are substituted into the
WAPSS transfer function to reduce the decision variables, and then WAPSS gain parameter is optimized by improved
Teaching-Learning-Based Optimization (TLBO) algorithm based on elitist strategy to improve the damping of the low
frequency oscillation and near-imaginary axis modes which are multi-objective optimization. A two-stage coordinated
optimization method of WAPSS lead-lag link and gain parameters can improve the system damping while reducing the
optimization time. Finally, the simulation results show that the proposed method is correct and effective.
This work is supported by National Natural Science Foundation of China (No. 51722701 and No. 51507056).
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Fig. 2 Two-stage optimization flow chart of WAPSS parameters

7) ZE A4 . Rao 25 \HEHI) TLBO 5%
ML ) B HAT S PR . S30b . Wesibss:
PP, e SR AR R AR E T, A
K POk S Sk g 8 =y TLBO SL M8 R g
FIUSSARE ST o PRIEAS SO PR 3k ) TLBO S0 i
itk WAPSS 35 S50 AP 1)—6)fi e vk
KRR H R REUE, WEIERRERRSEH b7,
A Mt ) TLBO Sk 2 EAK i WAPSS 1L
g . RIS, H AR R AN AL 7 X )2 A U P
Je, 1 HZET BT WAPSS b it A%

of

s




-28- @A &R B R

FCRHLJE AL IR0, AR X 1) A P o i A6
KPR -

538bs ASCFISCHRI12, 14, 191 —F#f, RS
(FIREEAAR B AE ] — N TR S8R, AN R
GUEIN A AL AME BT (HAESIRR TR, /5 280E
T B 2R U i N AN i [ 34 A A8 AN )R L ) 4
o I ) LA IR AR B N A o, WA
RHGE 2 1AM 5 AT B2 58 ) g2l & 1 B2
MR, TR A R A

2  WAPSS 2%t

2.1 WAPSS Bt & &N
WAPSS )23 1 ri UL SO 5 IR U 5%
i WAPSS FHJE &R I B E K 32—, WAPSS [H %
NG R R LR . Thff . ARG et
RIH . AR K HENUELEIE S WAPSS [ )% 15t
T, IR SRR 209 1 o] PR AT 4 1 F R A ok
8 WAPSS MBLE . PRzt i LR AT v]
B G)FTR.
Hcoi(j’k):hqi(i)hck (Z) (3)
Kb H, (J, k) ARG i (R8aa ) MR )
PESRDR: Ay (0) REHE S jG €L, phR RS
A SRR Ay (1) ZRANE S kRE[L, g)XfHk
T Tt bs, @R,

N T
h,(i)=
J(l) "¢l" ||Cj|| @
hk(i): |Bkl//iT|
7 wllad

X @y, BSR4, SR A AR AE )
By CJt CHIFEIH AT, B, it B FEFEIIES k41,
B H,, & H, (j.k) T s KE, s (S)nf
H,, (j, k) BEAThR LA o — R bR L AEX R R
Y22 e WAPSS,  [A) I HCHR I 1) 4 b A5 5 1R R
WAPSS ¥ I A5 5

H_.(j,k
Icoi (-]’k) = C;l{(] )

2.2 ETEREMFHEMMESEIZIT
TR L ) A3 b 50T DAY B B B s
G5)-3 N
w-3 1

R, SRR 7 B R
R, = C¢i'//iTB (7

)

(6)

WEE 7 /N RS kAN B B0 T e
Ri.j,k = C_/¢i‘//iTBk (8)
XML g, AHUFN)H5 ¥ PSS 4351l AL AL
g M1 b As S, W T4l g 10
Jlg RS T B AN . DRI, MR R R(8) T LA )
KA RN 38 PSS XMV . PSS 7EAS i
Ak (Y EEAME P ARA «
0=180°—argR, , 9)
FRYEFFAME AL A HE SR H PSS IS HL T Tas
KRS IR
2.3 ETF TLBO E X S AN L&t
BHJE L2 1 i R Gohese PEM 24848, WAPSS
B AR R X R A 59 B8, AN e 2 55K
RS A B S A AT BEAE. WAPSS A4 BT 4%
b, R R T Jh e A e i — ik P B BH 2 1 [ B
AL HABAE L IBEJE , WAPSS (K1 15 1 75 2 7] i
F A AKX [ IRGA R . BeAh, AU T R
R AE T SIS ABHE . ATLAE HAR K

1
R
11 2D YA

F,=-log,(min 4,)
& SCHBRERECA
J=min(F +F,)
st. K. <K<K,
c,<0,,<0
G >Coo
Hrb: P o, 8, il R AR S
FIBHJE L % Fr 5 18 E . SHRGHNE: 4
ARG IFFIER R 0,0« $o a2 X A 1R 46
SCECRBJE b, 2 H AR R A ST, R
0,<0,, r=1, M A=0.001; Kuins Kmax 2301
K [P R RRAERR ;s m ARRA R IR, E
X
I, 2.5>f>0.8 AHiRE ML
m=42, 0.8> f>0.2,[% )i
3, 2.5 f>0.2, 4 EB AR
K St i TLBO Sy WAPSS (13 25 251
HATPAC B I R TP R S5, SEIaa A AR I A
PRER T B FEALER R AR B LA, B FE LAY
LA LR, VARG Y BE R, 3k
B R 1R () N 3 S 6 A R i LU e
LG

(1)

MRHET >1



FWEE, 45

)k ) R GURE a2 KU Y BEDM IR A 7 i - 29 -

3 EHHlaHh

ESUEA ST S A R, BAK 3 s X YL
ARG RBIHATE A 38T XIS AN E 6 Bl
B R BAL, Ka=200, Tx=0.02, RZSHVEN L
HR[28].

1 5 6 7 8 9 10 11 3 G3

b I

2 4
G2 G4
3 BXMEH B ARG

Fig. 3 Two-area and four-machine power system

Xt EIRARGTHATRAER 0T, AR %% PSS I &
SR IRG R ER 1 s, m& 1R, REME
W 5 A 3 A AR AR SR — A X ] 4 5 45 5
ko

Gl

x1 AXOENARZERSEN

Table 1 Oscillation modes of the two-area and

four-machine system

PR PR PR M B2 b
Bk 1 -0.881+6.291i 1.001 0.139
i 2 -0.995+6.525i 1.038 0.151
3 -0.241+3.477i 0.553 0.069

RPEB)—XG) T RGN &AL T X 1]
WGBSR RS, 13K 2 s,
% 2 MR RFHEEIEFIERR
Table 2 Control indexes of the two-area and

four-machine system

LZST , , , w,
Gl 04110 0.2877 0.739 7 0.684 9
G2 0.191 8 03973 1 09315
G3 03836 0.260 3 0.6712 0.616 4
G4 0.506 8 0.356 2 0.890 4 0.8356

H 2 mla, T IX ARG G2 Ml
P#, M G3. G4 WAL T s, Ik, ARG
H WAPSS 2235407 B o G2 WLAL, 55 M G3
MU T 2 o SCRR[1 A B3, SCRR[291 AL RS
B A4 J77(Cuckoo Search, CS)LA S AL 1) EE #iid:
1 TLBO 511454 (1) RTLBO(Residual and TLBO)
PEACEL T v ()3 25 Wk 3 o

% 3 PSS H#HSH
Table 3 Gain parameters of PSS

B4l Gl G2 G3 G4 IR G2
Ak 20 20 20 20 20
cs 29.039 25431  38.145 15.383 24.764

RTLBO 42.387 10.216 43.255 10.715 26.809

3.1 RERREES

N TP TN WAPSS S8 1 34
PE, AL T REi4EC WAPSS, BEGE, CSb
I VERIA LT 7 F IR SR Je b, sk 4
Fi7Ro

F 4 TEIZHEIAXTRERHER
Table 4 Oscillation modes of the power system

under different control methods

P To) 8k BA Hik CS RTLBO
o, -3.143 -3.420 -3.769 -3.726
1 fi/Hz 1.264 1334 1.380 1.345
I 0.368 0.378 0.399 0.403
o, -2.932 -2.941 -4.127 -3.999
2 f/Hz 1.193 1.189 1.276 1.297
£, 0.364 0.366 0.458 0.440
o, -0.579 -1.237 -1.365 -1.586
3 fi/Hz 0.555 0.529 0.511 0.489
<, 0.164 0.350 0.391 0.459

HZE 4 7750, N PSS JaASHi R 2 BHLJE
LEWT R AS 3 T o, HIX AR A BE e Lh T4k
B/No N WAPSS J5, X [R5 e th1g
BT OGS, (HRMTAREIESHW M, WK
MR GBI BHJE LE 23 A N 2.7%F0 0.5%, FF:
RAFEI R AGE . SR SCERR291MA i )5, =
ARG A BEE LU IR IR 233 2 8.4% 25.8% 11
38.4%, EARAHTHR Ry TARAHR B B JE b5
KRS TT S5, AR DX [A) P 32 455 2 B
JEHL BN T 9.5%. 20.8%K1 79.88%, 35T
I o .

H TR R GAEA [R5 R 8 SR,
VB B T AEIFIA] =1 s I =M 0 e, g e o 8
] 0.1 so FEASRIFE G 2 N Hcas 2k 7-8 I Th 2 il
LK 4 . RAASCHRIY B R AL 7 R
W B4R RS, B a) P B RS -k 5 3L
R IBITIRES
3.2 RFIEN SR

H T X RGAEA ARG % FIraE e, o
ARIEAT T, AET A7 Tk 30%. AN[EE T
KN RAEMIRG B WL 5 Prow.



467 2 TSR E 5 s, nLUEH,
BAT AR, SRR PSS ZH8U5 R4che
FERURLIN A NP RS L D) R ik . Hi53R 5 A
3.1 WHI AT RE 2P IE T ARSI T VAR A AL
I Friedman K346 LU [R5 HITT 2 F R4
FA AR L ZE . iR Friedman K345 (P
fE)/NT0.05, ULHIPRRMIEEIT RAaEAENEER. 5
AL, CS Rt RIA ST M) P AE
%174 0.014 3, UL EHPRMAL T 23590 WikE T RS
IR JE s CS 2 Rl 5 A SCARAL J7 58 1) 22 e PE A 56
5000 0.414 2, B AU TV RERE R 42 )R
DAl —FFIE8 B e B e Fge s R fzoe M H 1.

-30- €0 &P B AH
32 = 1.8 =
' I e | ol e |
e ] 14 : i i
i RTLBO | _:; 12 - tz:wn 1
_5 j; Lop | Fi
# 22 & 08} | ! 21
i ot b ; 0.6 it '
18} gap v A F A \
1.6} 02 Y s
14 " - —T 0= 3 4 5 6 7 8 9 10
Js s
4 WP R RGN EIRS sk 5 MRS R EREE LR IR RS B 4k (A X)
Fig. 4 Oscillation curve of tie line power Fig. 5 Oscillation curve of tie line power
%5 FEIEHH R FRERHFIER (8L (increase the load)
Table 5 Oscillation modes of the power system under 3.3 AT BRMIL ARtk
different control methods (increase the load) N T B TR e, ASOHER T
wEEa B mma  cs  mwso | AEHIMAIE. FRBEGMUASOEAR NG T,
o s sew ss 40 EBRIRI AR N B
1 filHz 1.311 1.354 1.420 1.323 s, WK 6 Fr. mE A, B WAPSS 44
S 0328 0336 0369 0432 PR TTERIN,  HAbR e B S B A e, IE AR EL
s e HURHBE o 5381, (EAAIR S TIRBE RIS
S SCHRI29 TR S 7 32 FUM LA 1) 554.6 5 1
o 093 1146 1296 149 82.1's, FE—2L I UE T A7 L REA R DAL 1) &
3 fi/Hz 0.561 0.563 0544 0.527 1) R A BT 1]
Z, 0.255 0308 0.354 0412 0.9 o
thd S T ROEAT AR, AR o8 Y
Je tet R AW AR . Hor: INACRARALIK) WAPSS 07
25, XIS e b3 2ok, (HAHAS 2 oo
X2 MBHJBLEE T MR 52k, R B os
[ PSS 2%, AHURIIR R 3 B 0BG LL 5 T el
P, P SCER[29] 5 VEFIAR S 306 IR R GG ol
A B R R BELJE LB 23500 2 1.129 FT 1.216. N
BB, 0 IS AT ARG RGAEAR o0 w0 s oo

ARUEL
6 A IR BB B3 b
Fig. 6 Comparison of fitness between two-stage design

and global optimization methods

4 4EE

WAPSS KT 3845 BAE D B e 2 il as o dm A
T, BEMIE O ARG ) e B K LB RCR
MEZHLRGE, $emdt ez X e AT Rg i
AR BB AL, PRI 22 ALtk WAPSS
MIZH. ASCHR M PIBT BT %, T B B2
W) TLBO 57373 B il WAPSS FRIAHAL AN
TR RIS, BB D SRR RS e AR



FWEE, 45

)k ) R GURE a2 KU Y BEDM IR A 7 i

- 31 -

GERHJE IR o R P IX DU ZR G i) B, A

SCRTEE TAEAN IR 56 R 4eiz iaCi ELe

bt DL g e i B 2% 2 D 2 (R gk v it £, B T

WAPSS Z 505 L WAL B g i RGER e e, JF

HAEIEAT M2 o RGN B & N s w Ee4e

JR AR )& B BEIRAR I 2, 328 Wt T i SIOH B

B, IRARIREIL Y, BE—DIGE T AR SO VA I

Rtk ASCIERUPIX DUNLR ST R Sl ) R4t

DX TR 5 PO A S ARV, DA SO ik

FESE B KA ) R GERI N ISR At T B RE Al A1 4]

A, AR B A SO NEE H I AR 2 K

A SR IS, T A S o TR IS R S R AN ] 22

I, X ARK A E ST R .

S X3k

(1] AR, st XN, 5. rp R SR F R R A JR A

ORISR D], o AL CRE 2R, 2014, 34(29):
4999-5008.
ZHOU Xiaoxin, LU Zongxiang, LIU Yingmei, et al.
Development models and key technologies of future grid
in China[J]. Proceedings of the CSEE, 2014, 34(29):
4999-5008.

(2] BAZrZ:, xR, BRI, 55, HEEH ) RIS 2%

BN K HARBIEAR T[], D R G R I S0,
2015, 43(14): 1-9.
ZHAO Hongsheng, LIU Yuan, CHEN Weibiao, et al.
Fluctuation mechanism of tie-line active power of
interconnected power system and its oscillation
probability analysis[J]. Power System Protection and
Control, 2015, 43(14): 1-9.

[3] ABOUL-ELAM E, SALLAM A A, MCCALLEY J D, et
al. Damping controller design for power system
oscillations using global signals[J]. IEEE Transactions on
Power Systems, 1996, 11(2): 767-773.

[4] CHOW J H, SANCHEZ-GASCA J J, REN H, et al.
Power system damping controller design-using multiple
input signals[J]. IEEE Control Systems, 2000, 20(4):
82-90.

(6] BRARE, SKICH, 1REBE, 5. FETHT K SRAEEARN 0

T RGN GV E N I [T]. W) R R S5,
2017,45(13): 117-123.
CHEN Yuehui, ZHANG Wenchao, XU Xialing, et al.
Locating method of low frequency oscillation source
based on K shortest paths[J]. Power System Protection
and Control, 2017, 45(13): 117-123.

(6] BAEFIR, XRHE, SN, S5 BT S B K D R S
AR E BRI BRVER[T]. B RGERY L 20,
2016, 44(5): 1-9.

[7]

(8]

[9]

[10]

[11]

[12]

ZHAO Jinquan, DENG Hui, WU Xiaochen, et al. Review
on power system transient stability control technologies
based on PMU/WAMSJJ]. Power System Protection and
Control, 2016, 44(5): 1-9.

XFAR, TL4AT0, &K, JET T 5 & Hos i) ok
HBVTHEBCRD]. W1 BE &, 2009, 29(1): 46-49.
LIU Xindong, JIANG Quanyuan, CAO Yijia. Fast
transient stability simulation based on PMU[J]. Electric
Power Automation Equipment, 2009, 29(1): 50-53.

HOU Kaiyuan, SHAO Guanghui, WANG Haiming, et al.
Research on practical power system stability analysis
algorithm based on modified SVM[J]. Protection and
Control of Modern Power Systems, 2018, 3(3): 119-125.
DOI: 10.1186/s41601-018-0086-0.

B, PhoCE, SR, S5 SR IE R B R
(F177 3% PSS ZH&I[I]. W RS HBMk, 2009,
33(18): 6-11.

LI Chunyan, SUN Yuanzhang, PENG Xiaotao, et al.
Parameter design for wide-area PSS using global
signals[J]. Automation of Electric Power Systems, 2009,
33(18): 6-11.

ZHANG J, CHUNG C Y, LU C, et al. A novel adaptive
wide area PSS based on output-only modal analysis[J].
IEEE Transactions on Power Systems, 2015, 30(5):
2633-2642.

B, B, BN, AF SR TR R AR R AL
S0 B 0 BELJB 45 o1 38 U [I]. WL R AR S I,
2012, 40(19): 1-6.

ZHAO Yi, LU Chao, LIU Yongjun, et al. Wide-area
generator supplementary damping controller design based
on residue and identification methods[J]. Power System
Protection and Control, 2012, 40(19): 1-6.

BRI, FEAK, Fhoce, &6 JE TR JUAHRFRIN) 1
N &gt s [J]. Bl RS Ak, 2013, 37(2):
18-22.

CHEN Gang, CHENG Lin, SUN Yuanzhang, et al. Wide-
area power system stabilizer design based on joint
geometric index[J].
Systems, 2013, 37(2): 18-22.

Automation of Electric Power

[13] HENICHE A, KAMWA 1. Assessment of two methods to

[14]

select wide-area signals for power system damping
control[J]. IEEE Transactions on Power Systems, 2008,
23(2): 572-581.

KBk, JEE, $A3C. JET Hamilton ERM) 43R
LNER A Z AL RGEHRE BRI, B RGR
51480, 2016, 44(19): 17-24.

GUAN Linyan, ZHOU Hong, HU Wenshan. Nonlinear
wide-area and control of

time-delay stabilization



-32-

@A &R B R

[15]

[16]

[17]

[18]

[19]

[20]

[21]

multi-machine power system based on Hamilton
theory[J]. Power System Protection and Control, 2016,
44(19): 17-24.

X HE, BEME, phOCE, SF. )Tk PSS IR TR
AR e HLAR D). B RS A Bk, 2013, 37(10):
54-59.

LIU Zhixiong, LI Xiong, SUN Yuanzhang, et al. Variable
delay and its treatment in wide-area PSS closed-loop
control engineering[J]. Automation of Electric Power
Systems, 2013, 37(10): 54-59.

PADHY B P, SRIVASTAVA S C, VERMA N K. A
Wide-area damping controller considering network input
and output delays and packet drop[J]. IEEE Transactions
on Power Systems, 2017, 32(1): 166-176.

ZHANG P, COONICK A H. Coordinated synthesis of
PSS parameters in multi-machine power systems using
the method of inequalities applied to genetic algorithms[J].
IEEE Transactions on Power Systems, 2000, 15(2): 811-816.
RS, HEER, PO, AF. PSS FEHIE LA
JEM G B JE RUN[I]. TP R AL TR 4R, 2004,
24(5): 11-15.

ZHAO Shugiang, CHANG Xianrong, HE Renmu, et al.
Borrow damping phenomena and negative damping
effect of PSS control[J]. Proceedings of the CSEE, 2004,
24(5): 7-11.

MY, IACE, AR BT 25 SRR PSS
P BeHI]. WL R S A K, 2010, 34(8): 14-19.
YUAN Ye, SUN Yuanzhang, CHENG Lin. Wide area
PSS coordinated design based on multi-signal online
identification[J]. Automation of Electric Power Systems,
2010, 34(8): 14-19.

MOLINA D, VENAYAGAMOORTHY G K, HARLEY R
G. Coordinated design of local and wide-area damping
controllers for power systems using particle swarm
optimization[C] // Power and Energy Society General
Meeting, July 21-25, 2013, Vancouver, Canada: 1-5.
CHEN Xiangyi, LI Chunyan, MA Zhanjun, et al.
Wide-area PSS design considering the time-delay of
feedback signals[C] // 2010 International Conference on
Power System Technology (POWERCON), October

24-28, 2010, Hangzhou, China: 1-5.
KE D, CHUNG C Y. Design of probabilistically-robust

wide-area power system stabilizers to suppress inter-area

[22]

oscillations of wind integrated power systems[J]. IEEE
Transactions on Power Systems, 2016, 31(6): 4297-4309.
BLLME, BRAAN, SKRERR. shAH ) RGH IS A7)
FrM]. dbxt: iR AR, 2002.

ABD-ELAZIM S M, ALI E S. A hybrid particle swarm

optimization and bacterial foraging for optimal power

(23]
[24]
system stabilizers design[J]. International Journal of
Electrical Power & Energy Systems, 2013, 46: 334-341.
ALI E S. Optimization of power system stabilizers using
BAT search algorithm[J].
Electrical Power & Energy Systems, 2014, 61: 683-690.
NGUYEN H D, TURITSYN K. Robust stability

assessment in the

[25]

International Journal of

[26]
presence of load dynamics
uncertainty[J]. IEEE Transactions on Power Systems,
2014, 31(2): 1579-1594.

RAO R V, SAVSANI V J, VAKHARIA D P.

Teaching-learning-based optimization: a novel method

[27]

for constrained mechanical design optimization problems[J].
Computer-Aided Design, 2011, 43(3): 303-315.
KUNDUR P. Power system stability and control[M].
McGraw-Hill Education, 1994.

ELAZIM S M A, ALI E S. Optimal power system

stabilizers design via Cuckoo Search algorithm[J].

[28]

[29]

International Journal of Electrical Power & Energy
Systems, 2016, 75: 99-107.

Wis B#A: 2018-01-17;
fEE B

EME(1991—5), 5, MEHRE, HRTFTEAHRHZ
SR 54,

23 (1992—), %, ML, AR F @ H 0 ZGAEE
545 4|; E-mail: chenyujiao3235@126.com

Bl R(1984—), F, &3k, WHEASR, M@
Al ) R GAMRACEAT 14 A At MR SN TRA
&R & %, BE-mail: binzhou@hnu.edu.cn

{&El HHF: 2018-06-26

E-mail: wangpengda@mail.tsinghua.edu.cn

(Gt BHehr)



	DOI: 10.7667/PSPC201834 
	广域电力系统稳定器参数的两阶段协调优化方法 
	A two-stage coordinated optimization method of WAPSS parameters 
	WANG Pengda1, 2, CHEN Yujiao3, ZHOU Bin1, 2, LI Canbing1, 2, YANG Bin4, CAO Xiangyang4 

	[29] ELAZIM S M A, ALI E S. Optimal power system stabilizers design via Cuckoo Search algorithm[J]. International Journal of Electrical Power & Energy Systems, 2016, 75: 99-107. 



