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Estimation of Oscillation mode Using ESPRIT Method
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Abstract - Power system transients cause problems
and disturbances that might be harmful to generators.
Ilowever, very little have been done to systematically
understand and analyze power system transients.
There 1s also a lack of computational effective
methods as transients are short and associated with a
wide range of events and system conditions. This
paper addresses to propose a signal processing
method, ESPRIT, for the analysis of a range of
transients due to disturbance. Experimental results are
included to evaluate the usefulness of ESPRIT in
power system transient analysis.

.8 B

o AHAF L giFRelvAy FF
7P T ol 312 A% e
AL WS glon £3 A%
E e 7€ °l &8 A 9
o AEREE g

‘01*1 %‘:&?If} AEE A

Ol
Ok

il
Mo

o &

4
-

!

;

ioik
rfo

o Ll oo

FRBD oML 0K o O 02 M
e ECI g g ¢ e

2

242
N o o Tl

i)
0

i

o
o
2
2,

N
)
Jou -

ok
"
o

rlo «
X H
i
o 22
oo :
2 N
yo, 1 of
._3-_'-,

Ol
o=
i

ok
i
A

-

oo Lo
T
o2 oy
= g o
AL g
m?L o
2
Lo{' o,
o
P
ot ol
1o
’rz
N
3
]
~
o 2 O B ok
5|
2

7} "ﬂ—c’r '1’%1 THE 0%
3 HolAl il ME F&y
F7X *]741?3 12 SRS P B B RS 'r% BE
F A Hyew DFT(Dlscrete Fourier
ransform) S Y wol AREE YT ol o)A
told R e w2y 4gsls :’?‘-ﬁ}-?: %’% T
23 WEold. a8y AAGEelE Y AERES
H];’\GL setne] FHoE= DFTWHET Pro yi
ESPRIT Wyie] g5 x o

[y
T

TR 3
Ho 2L ¢

i

=3
B =R tﬂOM u%%’ AT ol disA
Wzbehs Ao ol wWetd AF et s o
BE sE&7198 ESPRIT ¢S o83y, =
Aol A% $g dole & ESPRIT €3 d&g o
ool Rmg FH 0 94 SEREL AL e
Ao 1 H5e Hrrstrt

2.1 ESPRIT ¢ 3

2.1.1 2]% 33 nd

YA Az E AR ZrAsE o FalslE o) #4
< Prony ®el sith 289y ESPRIT(Estimation of Sig
nal Parameters via Rotational Invariance Techniques)

Buel Pronv st st de gusie Aol ol
stk & ds "H’H”’ F5o) 242 Quslyl ea
AE Fol FHan, Baby H]O] E] Aol A 1utocorrelat1

B.J. Leexx
Korea University**

on} cross-correlation® &3 o] ZRE A & 4

o 3

Fol % §3),

ESPRIT @32)%9] 28218 Sohol thgs 2&

ek
- z]
- T
- 7}

- =

ARE & 5 Aok
.1

WA, S@ HEE TR 2 4oz HESY o
£ 72
)4
- [(()k+_/2'fk (n—1)T+46,]
z(n)= E 1)
1M p: g 2}

AAH) FRF FE, pE EAdE FH5 Aee
F a7t @ p =2 X {frequencies).

/Z’;u(n)ﬁ'(n)r

crror 5
2
q

reconstraction ™

714 g Hel" e sFelx, x(n)2 9A @z,

X ()E ARE DR E v},
2.1.2 ESPRIT ¢xdF

ESPRITE 7Rte g '}t NEAPEE S o #FE

of el e e HoE pHHE AE tepd
%+ 9t
z(n)= 3 A"+ w(n) (3)
ANA g AT AlEe APy Fa4F
Gehhs Bagol S

o, pE mele A%, Ak AE3
'

71 914 vioba s et BAS wine B4 gt

zero-mean Gaussian 7&—30] er )
A o mRy = W A%t oF F4

sz Zlo] o] Uil ‘- 4’“‘01‘4 Lde] A4E



M>p2 2 dol8& WeZ Yehid e 2ot

=[z(k) zk+1) -
W= [wk) wk+1) -

zk+M-1))7 (4)
wlk+ M- )7 (5)

gel @Ae JRHo2 YW e Bt

Xy=%ra + W, (6)
ek vk
71N, ¢, =
ec,(k+.llvl) eq,(l'vjl~l)

% =9 1/_1_1(_1 D
A71A A =diagle” -+ e™]

A (9% BN Reld doleuelol s AR
o wABAE AL T 2o

.
R,= %;}&Jg’ ®
R, = —EXA-XH) 9

9714 K& putt 2
2@ g3 2ok

IARUIL @A} (NS F

.
J g@kau”@” + W+ B W+ Wa"8l)  (10)

R,= {wa”éiﬁ. +WWE L+ Sa WP+ Wa Bl
(n

9 AL AHEW A (10)9] Sl + Wad! F-§
A (1) gaW,, + We's{., Tvol wapg e MI \4
el = %OXE}. K7t F7h gl olzigt &2
olxjA €t =% K7t %f&gg 7}‘4 Z}%% B Y
Ay wal FE4 AFH goldn, AT JudAe o
23 o] & ¢ ¢ Moz FHI 4 g},

2@,,00’@”4—12,“ (45 A+ RY (12)

w_ 1 w
R, =7;‘2k‘12/@k+1 + By = I7a @1:‘11142{1) + 1 (13)

o714,
Ry = % Z& w2y (14)
o83,
" 1 L3 ” I—o0 00 =
Ri= g Wil —= *[02,1 0] 1o

4 <14)9} 154 B = MxX M $582,
283 2e JYF) JFFE U Feolch 14
& K& K>Me] x5 #A AAsd g5+% ‘33*
& A= full rank7t Hlol Bio) 3Hee nHAE 3HE

ol ik 24t gfo] drh

A3 #A&ol AAE A#dA FFe g #ge] 7
48,
Ry=R -1 (16)’
Ry=n-[ 2 0] a7

ol@A Fgo] AAY PYEL o] &5E HF wAAF
g o) FHFEL THA ARRE ALE # Uh

Rz =\Ryz & AB = N AN BT — N A" = 0o =—In (X, )
(18)

A71M *& T F24E vehin] oF Atsd 2
dAso} Foeg T '

z =2 (19)
714
1 1 1
2 Zy Zy
Z=
O ! V=1
Z 2 2y
a8,
h= the by hn]r
=z 7 -~ )7
C,
z=¢

2 (19914 84 Z¥ Vandermonde #ZEeith 4 (1
9olM HAAF A& 75 Ly 3o
h=(212)'2" (20)
9ot e HAL Fatd, HEHOZ hE AL }01
zt A ‘E}T—l AZ3 z7] 94 dAEFE oL 4
2 ANg 5 Ut

A =|h (1)
6, = tan” ' [In{h, } /Be {h; }rod (22)

22 dueFe 4% ¥4

221 %4 94

PR do2 dAe A delHst 2004
d A AE dolge ESPRIT 2xelEe] Asd MY
st SAAE nAA ANEAE o) &te] AF

AEol yehbe AMAQ) REE ohh: FHE H
sttt
222 ¥4 A%

o5 463':—; 4A wlolg w¥y ESPRIT ¥2ddF
o2 wrg Pl A FHE A A otk
A Al °‘*’{l A4 sy e Yoz HHY ”é 135
7t Aol A#eA FE3M A¥He &S ¢ F A
o 23 219 H@e doje APesol e, 17 22
o] 285 FAAE dolee 2FAtolxg el
4% 395 e Felth



Signal Response y

29 21 AN Y F83 AR By ww

Signai Response y

Jmaginary

Signal Response y
@
&
-

1550 7
5

135

-20

Real & Estimated Signal
raa( dala
- es(rmated signal !

Time {seconds) t

Real & Estimated Signal

- resl data
-+~ gstimated signal

R

2 3 4 5 s 7 8 e 7
Time (seconds) t
Real & Estimated Signal
- real da{a -
~ « ~ estimated signai

}0
- ~ :
HAT (A
AN 3 D zf\%
*m,v - lu}
PSR
Y
Y
)
P T A Y

Time {seconds) t

EREREEES EC B EIE TS

& Z-Bade EnEg 4% selth

Mode of Z:plane

Bl "o 1 2 3 4
Real

1% 23 Z-9We An 2

a1

o} ko] dlelel Al nF FATHIHE —%
3 vla Axtol 3y ESPRIT €agjdo] Aol %

ANFE L Qs glgol & HAu 01“*1 i’
Agdolele e 73 HFsgy Z=o FAHF,
agn FoeE e 2o

it

% 21 ESPRITSZ 78 2&,
No. Modes
1 0399 | j6.466

AR, F

Damping
6.155

Frequency
1.029

A% 2RS
ESPRIT 71k 2
S84 5E ESPRI
ozl o] XEE
HEsA HE 0}04

ESPRIT %
g7h el
o ojg W
g Bafel F83tn 27
svstem identification®l 71‘:}

1o
ot
o
o

A gedes

4 alo

= 2 o, it
ﬂ'. o I ol nio ©e

2 g

4

‘o o
o

>

2,

2

e

a

2

32
£9
.o

pi s

J]m Jl

R
,o(,

o}, =3 \'—HﬁL AlEol gk reductlon gl X
ﬂ?%z QA Mze} Loz FHFoTA FAAS
2 ?S}E 5‘ ge B OM T Ao BT
[&# 2 2 8]

[1] JAIME QUINTERO RESTREPO, A REAL-TIME
WIDE-AREA CONTROL FOR MITIGATING
SMALL-SIGNAL INSTABILITY IN LARGE
ELECTRIC POWER  SYSTEMS, WASHINGTON

STATE UNIVERSITY School of Electrical Enginecring
and Computer Sciences, MAY 2005

[2] Emmanouil Styvaktakis, Irene Y.H.Gu, Math IL]. Bollen,
Event-based Transient Categorization and Analysis in
Electric Power Systems, IEEE, 2003

13| Mohammed A. Ilasan and Ali A.
Approximation with
Identification, AACC, 2000

|4} Chris j. Dafis, Analysis of Power System Transient
Disturbances Using and ESPRIT-based Method, IEEE,
2000

{5] Powertech, Small Signal Stability
manual, Version 1.2, 2001.

16]11. K. Nam, S. G. Song, K. S. Shim, D. J. Kim, Y. IL
Moon, C. J. Moon, Iessenberg Method for Small Signal
Stability Analysis of Large Scale Power Systems, IEEE
PES WM 2000,Vol. 2, pp.872-876, Jan.

{713, F. Hauer, C. J. Demeure, L. L. Scharf, "Initial Results
in Prony Analysis of Power System Response Signals,”
IEEE Trans. on Power Systems, vol. 5, pp.80-83, Fcb.
1990.

[81]. F. Hauer, "Application of Prony Analysis to The
Determination of Modal Content and Equivalent Models
for Mcasured Power System Response,” IEEE Trans. on
Power Systems, vol.6, pp.1062-1068,

19)D. J. Trudnowski, J. R. Smith, T. A. Short, D. A. Picne,
“"An Application of Prony Method in PSS Design for
Multimachine  Systems,” IEEE Trans. on Power
Syvstems, vol. 6, pp.118-126, 1991,

Hasan,
Applications to

Subspace
System

Tools (SSAT), User

- 367 -



