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Fast Estimation of Low Frequency Parameter for Real-Time Analysis
in Wide Area Systems
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Abstract — This paper presents a Fourier based algorithm for estimating the parameters of the low frequency oscillating
modes. The proposed methods estimates various parameters(frequency, damping factor, mode magnitude, phase) by fitting
Fourier spectrum and phase with a damped exponential cosine function. Dominant frequency is selected by " taking
frequency corresponding to the peak spectrum, and damping factor is estimated using the left/right spectra of Fourier
spectrum. In addition, mode magnitude is calculated by the normalized peak spectrum, and phase is estimated from
spectrum phase. Also, we introduce an accuracy index in order to determine the accuracy of the estimated parameters,
and the index is calculated using the deviations of the peak spectrum and the left/right spectra. The parameter
estimation methods proposed in this paper include very simple arithmetical processes, so the algorithms are simple and
the calculation speed is very fast. The proposed methods are applied to test functions with two dominant modes. The
results show that the proposed methods are highly applicable to low frequency parameter estimation.
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Fig. 4 Fourier Spectrum & Damping

K0

_xT

R’r

E%ﬁﬁﬂmﬂ#g_mﬂ
B st em® o
G2 N e T W
T bl ) i
I N
u;ﬂﬂiﬂhﬂv}%mJINrLL
_ e b
I
i e
W, TR N
TEAR YT T
l&éxr? Sew
%H%Lﬁ;/loiwmwiy
B - L
® R ioEﬂ\]dﬂ__oL
%:Tégﬂﬂﬁﬁﬂ&ljﬂo
R AR me o @
W,EW%ATI,&E
I TGN i SRR
o A
Wozom | oy w P
w_ﬁmeornfﬂ%ﬂﬁofﬁ
Y 1 B .
A R
ﬂ%ﬂeqMJ Tydl.mﬁl.ﬂoTaﬁ
A det et
K o o N o g ) o e
oo R T m RE SR PR do
/S-S (I
Qﬂﬂ%% %ﬂ&m%
ﬁdﬁﬂ& G LR
_éﬂﬂmﬂﬂm%ﬂLﬂ
%%tﬂam@wﬂﬂwﬂ
G o
b =y o
WS o @ ol ¥
MWy E N oy
ol H — T e B
MiAE 517@¢
B GO B (e
Moy o A 4k gy ®™ T o
E#Eofﬂﬂofﬂoﬁ%wﬂ%
ﬂﬂmﬁ%@xﬁcﬂu
mﬂTzﬁ EXM_WE_ﬂ
;ZUﬁHATEOnﬂAa‘_ﬂﬁCT
ol Leﬂ%%dl.% §
HuEVMoOLOEH._ﬂWUN!
W o ™ gy o &
.@v e T o= ‘w
NN A
=F LEwETE
WEW% & ;%erﬁ
= % T
ool bz T W T
R K Ko o H

AT agng

e

AFATT o A2

g

o g

%0
K

.

<0
oF

o4
P

<f

T oW oW R of o o
TRBE R T
o ~
wwwwﬂ%%w "
NE o =<0 o T e
w o REoF R MO
ECIEE I oy =H
) o
W%%Eﬂ% oy
=% XA Njo 5
pr T Al c& ~
or s n_Alﬁ_W Wl
T~ 3
VEPEeR ¥
w A — <
A:Twwmo.% )
B, 25T
RO
T o ® T A
4 A R
ﬂ%ﬂiﬂﬂ%mﬂ7mﬂ
R S
=y ® W o
Bempx P igX
P S
T B TE
Tl g
R
Mo e w0 ®
%NE MR N
T B S
oTEﬁl wu|oﬁﬂ_o»
TR Tl o
ﬂ»_/_.%.# o X T
W
L - A
x_la‘._:;e A_:Am
ﬂvoTM oTwﬂmﬂﬂm
= F ﬂ%ﬂﬁﬂm
A
ﬂéﬂ@.@%ﬁ%
TR T i e
=
.Nﬂ]%%oﬁw
srTEieL”
o»ﬂ%pﬂ%%uwﬁmoww
FToe® 522
%%%%4%@&
~ -
TN T g
o N o
Lok VT s AR
T ® O ol R W

K
i

KR

o
UL

R

A=

o

e
o

E
7} sl whet

v X
<
7}

(8)

(Xu-L‘Xn)

Wy T Wy

W, —
1 —
Xu} 1 Xw 2

®

!

M A, 0

Al
|

o]

ol

o

=Yt =2t

22t 20

=
JBE

F ot 3 L ARETRE

1

48

=

S x:rm

+ox

w <

K- o

i Q

=3

A o

a1

W

T ks

= 3

B

B %

+ 2

HE

Nk =

BT

@

o N
Z

mm I
14

T RO

o

ojn

5

A=

=

=

T

i

S

=

o

3

it

o

&u

s

]

!

<k

™o

m 5

‘murE ReLN

= <k

A 5w

T2 T Rt 2 o EA

i

N

7 [elA FnE AT} A

Hr

Ei

——
o

(9

1081

-

t4= oiato] &

E]
Kk

4
o

!

o

o



Fe AT HAE AIRE A, Hdel 3 AeA wAEA
2g F vt WA o] AFe HFAE FHoEZ oY
HAY o] HAo F5o deste 4L 4833 94
oz Aag 4 gt}

& NS FHEAA AE8S A4S F4E o, F
oz AT Y3k AHMEYHAE] BF AGAE FF
9 HHE FAF AES A3 & F d9

o e ‘ .
:t(] g |
I |
i Ty
—
|
e
a3 5 chest Azt 3zt
Fig. 5 Various Time Interval
—6— To=2T1
o
)
[}
8
&
Fraquency {(radfsec)
agl 6 FelodAHEHD HSH T
Fig. 6 Fourier Spectrum Phase & Damping
33 ¥Est Fu FH

NS 24 R FaE AR BohAA uTh B
=g¢ 29EY JARHS A& 5 YohA HelA &
@ AR AYR A FED e 24 ¥, A4
Aol A AFE el Wt Fas, F BHol LAY
#3542 AR FA4s 48T £ Q. oA Fis
SdEsH 29 Ao diy Tdse oxg Tad
£ dge @

ol sl A mEtelEE FA43% ¥, SEieiEe FFEE
& AFsux & ), AEZNFSH(SNR, signal to noise
ratio)® ®ol AFS@TH6] oA A58 FAT s g
S vt AZHN e AEE HoE SNRe| 242
A% genErt AEgs

o

omaet, 281} SNRE 4
Al ghol ohvimz & o) AU FAT FehvlE
7t @uivt AgstA FHHAEA € F At

1082

of ERAME FHE Fiie) YREE Fulo2dE
9 WA Axz A} o AHd A IZARIEGTF
FoAadedLe gd FHu0Ae gdg vEhdEz ot
Ty ANE FAFAE FTAHLE g ol Hojopdth
gy ol abE oW ~2dEY FAN AEZH, ol
B 4 283 9y RE §5¢ gebd] d8e g3 nos
Mg Fee A"ER 2AF Yeidth 2 7dE AF
B4 gogdd veig = e NF 29=Ed@F HdA
292 (e e Yt Y AR BEe F¥Ad
Ede #¢ A wy 2= #EA BEE & AT
AFLAEY Xw)d F22HEHE X(o)d 32 $52
HEDS Xlw)eh 519, FFE dd2E 2 107 Zo] 4
9% 5 Atk AN ARE A2t 1 AAEFE F
sadERS N2 B PAu du Frdadege
Wyol A7A Aok GeA 1o 2PBSE AT Fus
g 4% o2 44T 5 du 0 2HLSEEF 928
wol Xgd Aoz A74E 5 Utk
Xw,) — Xwy)
= X
Azda: X(wl)—X(wz) 3 (X(wo)> (wz)) (10)
£
=4
k3]
@
o3
7]
£ | X{eo) = X(w)
= Y
Q H
Wy (0]} 0;2
Frequency (rad/sec)
(a)
£
=
3 | X{wo)
@
& | X(2)
g
5
0
e

Wy W w2
Frequency (rad/sec)

(b)
a7 7 Feloadede |

Fig. 7 Fourier Spectrum Pattern

bk Y BN} AT AHEFE TR
& Aese AuH AuF FA58E 92 F Aok



Giatgiolet 2

DFT
Fourier Spectrum | &

Werlie =8

g 8 wefoly =3 oty

Fig. 8 Parameter estimation Process

V. At 7t

AE7A 7l Feod W] 9
S NGl H85t] 2 BEAS
A Fa A

o] ghpol disial AlZr AE /1022 AAsta, 30%

I3
fH

» OF
&
i

T A5 ol (N=300)8 2% 9o “ehHAtH

Signal y{t)

{/1 Hletipadimineas

oy 9 MgEs

Fig. 9 Test Function

o
12
2t
am
1o

AZhlAE 9l DS METS afziojE £

Trans. KIEE. Vol. 58, No. 6, JUN, 2009

del A N=d ANFFFE o|FdEste FEoa
Ay Yae Adstn, 1 AHE 19 109 =245
g 1000 AFEEFe] AR Azl 3029 &7
1029 a7 o|AFduEs FYstd o A3E
Vel Re® Zt Rroa Fayg FFXNE ' 19 YE

i,
Zo] disiA Zhzh 31589,
44918 HAEHEZ dQx, BT 20 4= Zzb 3281, 48989]
AEAE AMSAT ot Le AFEAL Fold AT
= A ATl A
g5 AzdolE F7h BolARE
2 5 Ak 2y Fae 34e A
WA FLH T

Spectrum

0.8 0.5
Fraguency {Hz}

Angle (Degree)

1 | 'S
65 08 0.7 08 03 1 1.1 12
Frequency {Hz}

ag 10 FelodAHEHD 24

Fig. 10 Fourier Spectrum & Phase

I 1 o|xtFelol & 23}

=
Table 1 Descrete Fourier Transform Results

Mode frequency Peak spectrum
No (rad/sec) 10sec 30sec
1 . 4.398(0.7Hz) 31.59 4491
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