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SPSA Based Taylor Model Approximation and Its Application to
Power System Stabilization

Jeong-Hyuk Kim* and Ho-Chan Kim**
ABSTRACT

This paper presents a Taylor model approach for a closed-loop system identification using
input and output data and its application to design a power system stabilizer (PSS). The Taylor
model concept is introduced as an alternative intelligent system technique to design a controller
for an unknown system with input and output data only, and without the detailed knowledge of
mathematical model for the system. In the Taylor model, the data used has incremental forms
using backward difference operators. The parameters of the Taylor model can be obtained by the
simultaneous perturbation stochastic approximation (SPSA) method. The feasibility of the
proposed method is demonstrated in a one-machine infinite-bus power system. The linear
quadratic regulator (LQR) method is applied to the Taylor model to design a PSS for the system,
and compared with the conventional PSS in different loading conditions and system failures such
as the outage of a major transmission line or a three phase to ground fault which causes the
change of the system structure

Key Words : Taylor model, Power system stabilization, Simultaneous perturbation
stochastic approximation, Linear quadratic regulator
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Fig. 1. Comparison between the system
output and the SPSA based Taylor model
output (data n=100, order N=2).

% Taylor 24 F4%3 (heavy load)9} 34
Alal (three phase fault)?} 22 23 ZAs
A A gste wetth Taylor ReE o] &3le
Fd 53xHol 1 e ztdgo]r] &,
Taylor 22& 2474 N =203 dlolg 9] A%
7t n =100, Mo}71& AAGEZF sHHct 23
Taylor 2 dod R=10"" %

Q= diag {q;, Q). 411=106.sz=1 9 gk
£ 7z LQR AN E AdAsAt

Fig. 2, 3% 4 Taylor 2dd] 7|28 #d
AL A3 B2 (TMBPSS)Y 94 71&9
PSS (CPSS)e) €€ Yetix Ao Fig. 2+
dukAQl ®al zAFM — 0%l AT EL
32} WA (torque angle deviation)?} &4
ge] Aslolm, Fig. 3& F¥3 zAs M9
2L 203zt UAY E4Y o Fdeld. 1

55



a3

9a Fig 4% 3% Aa AN $ee
BojZEoh 3712 A § E5F TMBPSS7 CPSS
BT WA S5 HEE HolFE A ¥ 4

atet.

«13° CPMO angd FMBL in Norrai _cad

[ CPSS tased the system output
SPSA free moce basec the svstem oulput

angular speed [p.u]

95 1 tE 26 3 35 4 45 5
time(sec)

Fig. 2. Outputs of the CPSS and TMBPSS in

the normal loading condition.

PSS paced the sveler cuput
4 SPSA free mode! based the system putpul

angular speed [p.u]

4 L " " . A N L .

25 3 35 4 4§ 5
time(sec)

=}
=}

n
»
"

Fig. 3. Outputs of the CPSS and TMBPSS in
the heavy loading condition.

56

-dz ¥
2
8 110
CPSS based the system output
&F - SPSA free modei based the system autput

angular speed [p.u]

o 1 2 3 X
Time(sec)

"
@

Fig. 4. Outputs of the CPSS and TMBPSS in

the three-phase fault condition.

viL g &

2 =8z Ala"d AME 98 SPSAd
2A% Tayior 29 7IE & dHp1n dHGAF
A AAE LAY o A8 HF PHE
A Astd e, Taylor 2d ide @A J4H3y
29 foHE Z= uAY FFH AFAA Ao
718 A7 43 MRE AFAl2E dA7
Hog Arstdw=d Al wEe Aadl
Mg ds #84d AHE For A g=
t}. SPSAel A% Tavler £2& & e
7t 242 wiygsln LQR WHE ol&sto <t
A% PSS dAE A Ar&EH AU

Aty TMBPSSE= 1717 @diz2xd HAHAS
of Haste] thdst &M =AM AEHAU
2 7]&e PSSe wiustda. o A 2E A
2o lejx TMBPSS 719 PSSET $-4
& FzdEg 2ot

0%
Tk

Fng

1) FP. DeMello and C.A. Concordia, 1969,



Y -

Concept of synchronous machine stability
as affected by excitation control, IEEE
Trans. on PAS, vol. PAS-88, pp. 316-319.

2) S.A. Doi, 1984, Coordinated synthesis of
power system stabilizers in multimachine
power systems, IEEE Trans. on PAS, vol.
PAS-103, pp. 1473-1479.

3) J.C. Spall, 2003, Introduction to Stochastic

Search and Optimization: Estimation,
Simulation, and Control, Wiely-
Interscience.

4) PW. Sauer and M.A. Pai, 1998, Power
System Dynamics and Stability, Prentice
Hall, New Jersey.

GW. Stagg and AH. El-Abiad,

Computer Methods in Power

Analysis, McGraw Hill, Inc..

6) C. Phillips and H.T. Nagle, 1997, Digital
Control System Analysis
Prentice Hall.

7) K. Ogata., 1995, Discrete-time Control
System, Prentice Hall.

8 YN. Yu K. Vongsuriva, and L.N.
Wedman, 1970, Application of an optimal
control theory to a power system, /IEEFE
Trans. on PAS, vol. PAS-89, no. 1, pp.
55-62.

9) B.D.O. Anderson and J.B. Moore, 1990,
Linear Optimal Control, Prentice Hall, New
Jersey.

10) K.N. Srivastava and S.C. Srivastava,
1997, Application of
theory for determining critical value of a

1968,
Systems

w

and Design,

Hopf bifurcation

generator control or load parameter, Int. J.
Elec. Power Energy Syst, vol. 19, no. 8,
pp. 535-540.

11) EV. Larsen and D.A. Swann, 1981,
Applying power system stabilizers: Part
1-3, IEEE Trans. on PAS, vol. PAS-100,
no. 6, pp. 3017-3046.

e
One machine infinite bus (OMIB) power
system
V"« ejﬂ, V“,LOO
Rg Xg
‘ ] ) Infinite Bus
J(8;-mi2)

(s + jlgp)e

Fig. A.1 One machine infinite bus power
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Fig. A.2 Conventional power system stabilizer
model.

Table A.1 The parameters of PSS

Tl TZ Tw ch
0.685 0.1 3 7.091
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Fig. A.4 Turbine model.

Table A.2 The parameter of Generator,

Turbine, and Governor { ¢ . Model)

M D T4 X4
9.26 0.01 7.76 0.937

%, Xy T, Fy,
0.35 0.19 01 1

Kg Tg

10 0.1

Table A.3 The operating points

Q Ve

1. &

0.2 |1£29.602°|1.0198

£18.292°
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Table A4 Transmission line data

Re

Xk

0.03

0.5

Table A.5 Exciter data

T, (sec)

K, (pu)

0.03

0.5
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