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Identification of power system low frequency oscillation mode based on multivariate
empirical mode decomposition
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Abstract: A new method about dominant low frequency oscillation mode identification for power system is proposed.
The method combines Multivariate Empirical Mode Decomposition (MEMD), Teager energy operator and Prediction
Error Method (PEM). The signal containing low frequency oscillation characteristic information of power system is
decomposed by MEMD into several Intrinsic Mode Functions (IMFs) components. The main IMF containing dominant
oscillation mode is selected by means of the rapid response ability of Teager energy operator. The Prediction Error
Method (PEM) is applied to identify the oscillation frequency and damping of each dominant oscillation mode. The
method is validated by IEEE68 bus test system and the PMU data of the Liaoning Power Grid. The analysis results
demonstrate that this method can effectively identify the dominant oscillation mode from the wide-area measurement
information of power system.
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Fig. 1 Schematic diagram of 3-dimensional coordinate system

1.0 g >~
¥ .
AR ﬁ@-‘ﬁ‘j T
R I T ) ot
0 [  tr et o
o " . - w8 ."
~ e Pt e e | BT
X} . ..
b - . ot
. -
U :: . - .- -
8 L
0.5 e b3
.
> ol
- " - .
10— L R o

1.0 : ‘-.-__1.\_‘ j jw-’ =

0.5 el )
\ ; =" 05

X )

05 ——"05 ¥

1.0 -1.0

2 RFREEBKE LMD H
Fig. 2 Distribution of sampling point set on hypersphere

2 303 B 5 AN B 7 15 1 R

[ LU IR ex(t)(e?) » FHIX LWL S5 —1F = fibidk

TR BEE, ¥z BED AR R, A E
[ = R e A

Pl =e"x(t)(e”) -i 3)



- 116 - @ ERIEF B R

AH: O=an/J,a=01,-.J ; ¢=bn/K,b=
0,1, K 3 J MK 535 /2 0 F ¢ (P13 5 RFEANSL

X R S A BN T A R, R A

WA RS (22, x(2)) » FFlIE 2 TR S E A G 25

AL, L e THEITH A LI,
M58 8 22 015 5 SR B m(e) BsKREL, BT

1 J K
m)=—2-2 > ¢ “)

2o AR A WA AR S AR A T
A AR A R AR bR B d () FN— A PR AR
AR r(0) 4k, WA Ao N, T

x(t)= d,(0)+r(0) ®)

SRR AT FE S B b R SRAF 115 5
IR S AW i, D IRIUER i s 2K
(A TR bR B0 R R o ASHE A B B AR T 6
WARES

B2 IEEE T SRS E, BEMdQ) -

x(H)—m(t)=d(2) (6)

— MR, I d () R E A LME A
TERERREL, 5 20 2 LU A4

1) BN B AR i (ELFE AR O A R /IMEL)
$H R F i B H T AR O 2= A

2) LEATAT — pii, AR OB A 5 1 A 2 540N
EAfE I AL VTS I Sy 38 R %

BESEPR TR, RNZHUE SR AE, I
AR 2 FIR A, WOk R AN
Sy T SEIA M E R oE, /P

iy (6=, (O
4y (8)

X N RR(E S IERFESAN G PRR R
FErP AR RPGLRLG, 2 SD (IHUEAE 0.2 &
0.3 Z I, AR 25 3 ] DIAE A — N AAE
Bk, JRRIAERBIMANG S, RS
EEMEAE 2, ERHTIEAR: &2, 25 SD HUE
ATE 0.2 5 0.3 2 (0], WK d (@) VBR8N NE »
FORT AT AR

T R AN IR L AEAR R,
FIEAR R T 1 RS R R I (5 S
FATT I ) T BGEARAE N T 3), ARt
FEARS PP AR AR R, 2 e R0 iR
IMRIIFELE I, AN 2 A o A (1) STV R
w3 s

N

SD

()

k=0

+<
| 4no=xi=1k=0 |
N
v
| k=k+1,d,(6)=r,(t) |

[d OWEZA DI RET R, 32 K]
v

(45 IR d (07 B AT — I, 49— ut]

2 JURE AR A BT ORI AR R A
A IME 25 2%
v

st |

Hen () =1.(0)

A

I di, () =d, (1) = m (1) ‘

| B B AR ¢ () =h0) |

| n0=r0-c,0 |

C D
E 3 Z AR RA S EREE
Fig. 3 Flow chart of MEMD

2 ESIRHEAMMER Teager BEBETF

P 3 15 R OG0 0 R ge e e P i K
Sz i, bR IR B Kk
R AT CARE 208 o IbAh,  MSEBRIGT BN R 4
TR A3 1) W BB M e oA AR B R B M P, X
PR AT AR, 230] 5 2E R S B0 R4 R 1)
HERIEIE e o A T UKL ) kA, AR
o0k 2 e AR IR J5 159 3 1) 4 A AEASE pR 2
i o ISR T 2AE M £ 2R EA, R
X e S i 28 G SR 1 L ) T R BT AR 2
. R T P IRG A IT0 BY R AH T BE A
K, ASCH Re A AR, T o ST Le &
AN AAEASE BR 25057 FE PRI AEDRT R B 58 O 32 4R35 6
A% o

Teager A H T1EN ML MHE T, 2
H.M.Teager 7EMFFTARLEMETE St By, I —Fh
S5 IR 5 2 M ik, AT I b i
Re IR ERErE, LAk RAE SR BE e . 3C
BR[301KF Teager figt 551 IV HI T+ i AT f 4G I 7
T, I T RO .

RF AR, BB 0RA A



BT 2 u 2 B R K H ) R GURR  BE U R - 117 -

x, = Acos(2n + ¢) (®)
s A WIEAE: Q M55 A RAE KA IR I I 0%
@ NI o WA 576 KAE fikb Teager fig 511
ik PY
w(x,)= xi =X, X, = A?sin® Q 9
L5 SRR TRER H Y, AR s BT EPRAE ) 1E
SRAE T, A AT AL Ry A s (4 3 M AR
5T, WIN AR ATER R B IR IR A A 4, » W
GBS
x, = A, cos(2n+ @) (10)
TEARTCH, AAERRR L ISR G 15 5 &
IMEAFRIN, WMOEAE 0.1~2.5 Hz, 1 HRFRUR
ik EEMZ. EE SRR & T E S A&
PG TIEE T, AIEBR A 1~2 AR A
PR TE BRI N AR A AT LA 20, A — S IS TR] A )
WA LA B FH — 2R 51 2 3] e R IA L4 B
PRI TE AT HlA
WA T AR — R A () A R4k 3 IR A A
A s WIEAZREE BT, 2o A7 IE S AN KA i 1
W ATERE BRI 0] IR 245 5 I T T T ABA I £
KADHKA A
x = A;cos(2n + @) (11)
A, =ANSEIAEDEE, WHE S E%RFE SAb
e vl Lodat X9yt ., B
w(x)= xi2 ~ XX (12)
MR, AT AT SR AR R B I
B N T R R RE S T, HAaRER T8
ISR, A AT SHZAAEA R 2R AN e A, B

E=Yp(x) (13)

A, M OS5 RFE SN

AR ITIEN TA5 5 £ PGB A it
Y| P 2 S TS A EREEZE ATl 00 S (=
P — AN LA ANEASE R £ 5 5 R A DO e B AELAH R
T 5 T AR R 00> T A g B AR RN
PR, A AN B 0y 50 N A R LT
F FHRGH
3 ETFMMREZNIRHFERSEITE

HIRGE 54 Z n &R A0 i 5 15 2 A
TERL R 2 5 7 B 5 an 1 Bk

A(g )y, =B(q Y, +e, Vt=-,0,1,2,--- (14)
A, u, MWEIANAZE, y MRS E, e ABENLE
o XNTEERn,, n,>0, f1:

1,

Alg ) =ay+ag” ++a,q"

(15)
B(g")=b,+hq” +._,+ban_nb

R, (s, Sbysenby BRSNS
s, e, MinfE s W Sk in
ﬂ%ﬁo
y[:¢[Ta+et:Vt:'”50515925'”5 (16)
A{rh,
¢tT =(=Vess TViong oYt Uy, )T’Vt
‘9:(aof“»ana»bof"abnb)T
DRI, 3 B SRAG A AL A o8 K08 0 B IR
ik, AT DGR V5 2 H ) 0 TP BRI,
SR LI R AE 7 R
a,+aq”" +eta, g =0 17)

X RO TR AR, REIEER A A7,
FF X B RS 5 B S M e e, Al
PG IR f RBLJELE & MR AT, Bl

fzvmzmzﬂh—f
2nA

In|4|
JinAln A"
K, A AET HRAE I 8] 5] B

ASCR PR ZEER R A T S 80n) 5 0 AT
SKRAFE . TR ZEVEAE ARGV I7, AEHERP R X
A ARG VR — i) B,
Ja 1 IS [ Z A AE T E AN E SR RAG B 2 7 A 1)
IR A, Al TE RIS EC AT R L pr g .
— R, TR ZEVRAE R e R R R G 2
i, TREXRFHRRIN S G B R, ]
YEJ(0), RIFic HEUAMEX J () BEATHRMESK
fift, MIMAFRIAHER S0 I BAREUE. ik, #F
POLFE ] D G et 240 ) 8 0 dE AT BepuAlivh i
&, B

(18)

¢ =argmin J () (19)

4
R TR R =LA T R G S HRG R SHL
IEERESURER I
o, BOEMIERE 6, SHUn R LI N
6" =0 + A" =6“ +yb(J,60%)  (20)
Xrbs b(,00) R MEIER T, ST LR
A Z BT HEAS B S, A THEAE
SEAGE R P B R A -
ASCR A —h RIERATIEA, A3 F



- 118 - @ ERIEF B R

R IR AR R K8 IE R T b(J, %) 7T LAl
S5 (8) 75 24 B IN 202 50t 6 1) — GE
HAFE], RSB W
6" =6 —a, (v, (6" ) 'V, 0") (21
K READ K, SR TREARUCKT k 10535 9088 5
V(@D 18K Bk BT (8) 1 0% A i B B
VI(@W) AR (0) 15 0% Ab KA
FEIAEARIL R D, XTI B RS FE &,
5 |A0W| < g W, LIS, EIEHRA SR
1 %D . T 05D Skl 00, FH I
S TIEI|AGY| LR E R AL

[ ey |
v

| zrexssin |
v

| wemens |

\ 45 A LB BRI i \

fi R
R R?

T
v
| skt sy |

4 KXFRRAZFNESTESERPHR A EREE
Fig. 4 Flow chart of the proposed method

R EPTIR, ARSI T 2 ona i )
filt (1) ) R G PRGBS AR AR i & 4 B
N, BRI RRWE

1) 3 2 Je 2 50 A A 0 L ) R e A
WRG G 5T o Ak, SHEIZANEE RGANH
PG A A ASE R 2

2) FIH Teager RE 5 TP LB I Y fE
e ANEASE R E5 0 A R p A TR AH T fi TR A 5

3) R AR R B Oy T AE T R AU A
X RER AT AR 20 SR AN, 43 B HEA AR EA bR 45 0y
MIFHXTRESE, I CARES A A Wik HE, Ok HH BE
WL R 48 B SR 1 DU . SR G, IR T &R
S T AR )N P e 75 55 2 1 o 5

4) T8I PN R 22V B R A R Y
PRGN S4L, BIR e, el SR

W

R ACHIHFIN
4 BB

EFRPAS AT i 1 3 SR G BEHHR , AR
53K IEEE68 5 sl R G BB L 7
FEL D SIS EA T 20T, ABGAIE T (0 i ) R
SR R IR R R
4.1 IEEE68 15 mlik R4t

IEEE68 17 i RS 3h b g5 M an &l 5 o,
ZIMNR R G il 5 AN, H o FIX k1 [k
ALK GI~G9; AT X4 2 R BN G10~G12
A G13; AL TIXdek 3. X3 4 Ak 5 1k BB
Wk Gl4. G15 F1 G16.

€l 5 IEEE68 Timillik R4 [E
Fig. 5 IEEE68-bus test system

MRHERFIEAE T IS5 R, R RS I 4 DMK
(4R BECR 11 AN R i, 28 1 45 Tt
FRAEAE 7 AT 45 H R A X S 4

B 1 A5 1%k JR e X 3k a2 A5 X 14 FEL
JELEI KT 10%, R BHZ R 48 1 X 3R] e 2 1
AR I PR RF I, T R Dk PR s 1T 11
A e R BB EE BN T 5%, B/ NFHLJB B
A 1.9061%, %45 RKH, KRG G AR
AT ISR EARAS, T R A iR 38 R 40
Jey R A e, DAY SR IR iy K K R 4
BRI o

N IGUEA ST VA AR, A B e
0.1 s I A1 A 2 2 AR £k 12 K= A
FHBG IR, Frok 0.1 s J5, MbERR. ARG %
A DRIk [ B 2 (1A Dh DA N RN 5, KA
N 100 Hz, 1iEEK 60s. K 6 Az ARG X1,



e, %

BT 2 u 2 B R K H ) R GURR  BE U R

- 119 -

[IEEZEEE 12, 8-9. 46-49. 1-47. 52-42 Fil 42-41
A D ZPEN DL
% 1 IEEE68 T1 m il R HRSH R BV FHEE 2 W45
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No. P JfHz %
1 -0.342 1+1.637 4i 0.269 1 19.986 0
2 -0.400 9+2.623 3i 0.426 0 14.801 3
3 -0.369 5+3.582 7i 0.578 7 10.021 8
4 -0.444 0+4.417 7i 0.703 1 10.004 0
5 —-0.260 2+5.453 2i 0.876 4 4.598 5
6 -0.265 9+5.898 7i 09473 43460
7 -0.292 0+6.447 2i 1.034 6 45354
8 -0.260 3+6.572 9i 1.054 6 3.8169
9 -0.259 9+7.026 5i 1.126 8 3.5610
10 -0.261 8+7.177 3i 1.150 8 3.5196
11 -0.259 9+7.691 9i 1.2327 32631
12 —-0.260 2+8.425 8i 1.349 5 29795
13 -0.259 7+8.643 8i 1.384 2 2.9043
14 —0.252 1+10.001 6i 1.591 8 25191
15 —0.260 6+13.194 1i 2.108 4 1.906 1
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Table 3 Critical IMF energy ratio and dominant
oscillation mode on each tie line
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mode on each tie line in Liaoning power grid
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