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Modal parameter identification of low frequency oscillation through
NEXT-ERA based on fuzzy clustering
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Abstract: Low frequency oscillation modal analysis provides the most basic elements of information for the safe and
stable operation of power grid. To identify low frequency oscillation modal parameters based on ambient excited data
from a wide area monitoring system (PMU), this paper investigates the use of the natural excitation technique (NExT) in
conjunction with the eigensystem realization algorithm (ERA) for the modal analysis of power systems. At the same time,
it introduces the fuzzy C clustering algorithm to automatically pick up the results, to better identify the authenticity of a
modal. The method is capable of utilizing synchronous measured data from WAMS as well as unsynchronous
measurements by the truncation approach. By modal identification of system for the IEEE four machine and IEEE sixteen
machine simulation signals to verify the validity and high efficiency of this method to extract the dominant mode, which
can also meet the needs of online and offline applications.

This work is supported by National Natural Science Foundation of China (No. U1134205) and China Railway
Corporation Major S&T Projects (No. 2015J005-A).
Key words: low frequency oscillation; modal analysis; ambient excited; natural excitation technique; eigensystem

realization algorithm; fuzzy C clustering

0 33

HL I DX SRIRN R ELIEG,  BELJE ks, T EUR G0
i P RAS I DL GO . (AL, PRIZEHERT
WARAF IR B S B X e ek
W LA BELJE Fsihl A S T, ) B i A

HEWMB: BRXAARAFELST EMA (U1134205); FE4
4 %5 E EAHOR B (20157005-A)

B W1 & 48 A & W & 3% & (Phasor
Measurement Unit, PMU)¥) 5842 v H P J 5T PMU
1) 3k I R 45 (Wide Area Monitoring Systems,
WAMS) )3 S, F) ]SS 73 R G A
G R Z N AT IRIE s R AR, R
ITVER 5y N2 JE T KIBhE 5 HER T gk
TREHL NS 5 (W) HER7E . H T, Prony
LT T RIS 7 AR 32 1 2 U0 77
NG Z R BRI s S



e
T, &

VLI ZIAFAE 5 TR S 5 52 PR G 75 1R 5 1 7™ o,
{15 Prony 5% (1) Ja B B BB B B vy ko 3
T A S AR R ik, AR R B3
(1) S B I S A5 VR DA R N, G 75 0 S i A\l
T, RIS TN D R A, L, X207
TR T G b3 AR o A R 2 I B 23 o
BT, TRAEFANIFUS T XA SR R R o
SCHR[4] 5 TN B AT 3 T 3488 (ARMA)Y B
SHATRIR, TR H N IR S HO AT
ETRUIRG B B2 s K, ik 22 s SCHR[STAI A
DU A (D) B T 3R AR A e g 3 o 5K
ARG SEL, AR e R iRz K, T
FCRAREE B s STIR[6TFBEAL T [ 7715 I N HL
JIRGAIR, %7 e A B e Pk
Be 71, EURIAASAE BT i B A R A . (H
S 28 298 HR A N TR 7 Rl AN BB A SR I T
BR, UG = A BB RS . SCHR4-5]T
PE R T T AN RIS 5 AR G B 1241
LR MR TS RN, (AELA RS AEHHRA R N
A BAASEEIIAS 5 o STHR[6-714/2 HH 15 il 3 6 LA
SR 2 Fh AR T AT 4 BT (R 7 12K iR R GRS 1
HERACR, AR AR T A )
ATCHE H — FhIE T BOR 22K 1) NEXT-ERA {43
P35 Mt R Tk, TR SR 25
55 1 NEXT VI8, Bl £ 21 5 G 10 ik e 1 6 455
RIGIEARTRIIK R, X RS0 T ERA HHR; B Xt
HHREE AR FCM R0, A BRI T
Bo LFEEHEMNIIR LR Tk mE M, A
Ja i@k TEEE4 HLM X MK R Ge A IEEE16 AL 68 75 51
MR R G R0 5 AR FD A o, SEi% 7
TEARE, [ BAT AU PR

1 ETF FCM 89 NEXT-ERA #7Z5iR 3 3%

1.1 BB AR(NEXT)

H AR Ul H K (Natural Excitation Technique,
NExT)® L& fE F AR BT 2 T B2 i 1
FHEO BB T2 N T B RGBS %
M. T REEZ/ MG, HRBL4
PR RRMIER, S5 e B M E B RS R
BN oy T RR2RARL, [ () 7 A —
BRI 25 (R A sl el AHAL, - PRI, PR ) RGN
P 73 W T LU %550 ) 2 s rp o B AR A 70 A 7 %
IR RCR o X B 518 NEXT 7RI IR 7 A5
AR E

MR RGN, A B L T
(Mdigria 2 Jr e nl XD Ps oy T iR .

LT RO ZE 2 1) NEXT-ERA (AR 3 2 e 5 iR - 41 -
d’s dé

M= =p, -p-D2 1

> M de M

Le M BRI EG Py WIREE DI Pe A
SIABRYIE; D A REG 6 T M. K&
SR ERE R AR, FEIAT SN AT e AL,
CIYECE

M(PAZ5+D@+KA5=O 2)

dt dt

X K NFEIBDIRER:  AS & T RN 1
hiks .

WL RGN SEBR s PRSI RS 2 RS, &
AN FHLAR IS 252 21— B BEALES K 1) 3 Ul
IEERh, b, HATIE AL R ) £ s BE AL
AR E . T4, R RSN R
G EAREE, B, B TR N R, D
TERFAF DR ESE. BRI ARE, » Al
FE e 1 a4 37 7 Rk X R (3) .

MAS(t)+ DAS (1) + KAS (1) = F(¢) (3)
X F@) 2B RE; M. D K 530 R
MU R« BELJE RE B0 W) 20 D2 A B, 32024 nxn
B BREERE:  AS () 2% THI) n BB R ()
BRI KT FERQ) AT NS HH Tl
A8, (s) » B BOPERAEAS 2 A :Ln(4) .

ME[ AS(t)AS,(s) |+ DE[ AS(H)AS, () |+

KE[AS(1)AS,(s)]|= E[F(1)AS,(s)]

A, E[e] MEUAHIREE, K@M FRRm T
MRASA&, (t,8)+ DRASA&, (t,5)+ KR, 5.5 (1,5) = Ry 5 (1,5)
(5)

4)

K, R(e) h EAHK R =
Bk A(r) « B() A& PAad 2, Wi
R, () =R () (6)
Kb r=r-s; A" NBEHLEFE A(e) X I Ta) f 5
m KT R A HAH KRR, () Xt 3 m
KT
Mr>0, RGERBIAEEESERN, 2% M40
B AS.(s) 5 F@) AR L. Bl e>0 1,
RFA&,(taS)=O o TN, BRI TN AS(r) L I
FE A8 () BLEIE AS (1), B2 PR RE, M4
KG)H
MRA(SA&r (T)+ DRA(SAé‘r (r)+ KRMMr (r)=0,7>0 (7)
PRI, AR 47 (S B B 6B R g, (7)
5 WAL A R 0k oy D7 REAR AR, W BUKE
R 5 55, (7) AR K00 13 bR 250 P T I I 25 2 20



_42. @& AEY D EH

ille FEISAT RIMTIT, RN 7 5 R G0 A
7B S L URA TE S ¥ i ey VAN 17 R (I BPI Rz [N
MRS, DAL, I L6y AR & e Y A] R B AH
S BRI A W AT R A AT kb e 1 R B, 1HEAT R
GRS

NEXT i 52 H A T RIAT AR KR AL,
BT SFE ML AS, « MRFEZE AR
JilJ , PMU U6t )25 2% AR B HAT— 58 IS L]
PEMI PRI EE
1.2 NExT 3RS M E KR E R E

2 PUM il 30 i #ctls R AERI I, ] AR
KRBT A2 A RPN 22 6 o ey, |
FH G RRHL Rys, a0, (= 15 8) T R[] D367 Sy 7 B 0
B ASe F1Z2% i ¥ A, e AFF & (Q2). AR X
Tp=t—ty—s=(—8)—ty=T—1y, TAHCHKETTLL
P

Rys.n, (tp) = Rys.n6, (t—1t) (3)

B 1 rhod KB JE R e TR] A AR R I R 1 1

FHIR BRI o

20

20

HARKEREL

0 S 10 15 20 25 30
t/s
(a)lml At Al

H IR R B
s o 0B

[3e)
[=}

PALENIIEE

0 5 10 15 20 25 30
t/s

(o)l 20 A
Bl 1 RFERAGZRT SRS NEERIEEXEIE

Fig. 1 Schematic example of cross-correlation functions of two

synchronized and two usynchronized measurements from an

underdamped oscillating system
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