5548 45 5 6 1] A ERBEY D EH Vol.48 No.6
2020 43 J4 16 [ Power System Protection and Control Mar. 16, 2020

DOI: 10.19783/j.cnki.pspc.190412

EF MEMD #1 HHT HY 8B 1RGSR H RN IR A A A AR

Bk, pAm, Bk, B8, & &, Tkir’

(1. BT TH B AHINE, iLF i 110006; 2. Adbd A RKFEALEFE, S+ 4k 132012)

WE: 1T ME T2 Iua A& (Multivariate empirical mode decomposition, MEMD) 145 /R 1A $y 15 A5
(Hilbert-Huang Transform, HHT)AHZ5 & (1) Hi ) R Ge AR G B U0 ke EEXT @ I35 73 i (Empirical Mode
Decomposition, EMD) i H T LB IE A HRR I R BRIE,  DARAFAER RS A RACR IR B A, 51N MEMD
J7EN 22 M E G S AT AR B, SREAS 30 38 A R AR AN [F) AR RS 1 [ 45 B2 6 £ (Intrinsic Mode Functions,
IMF)43 1, SCHR 22 20 18 0 A5 S R 03 F) 2 fiff o ZE M3 L, 51N Teager BB B9 16 H B 2 SRR 1) OCHE IMF
B 32 SRR AR IR R AR R, f5Bh HHT JBERS 3 RGN e e e tt. &5, @
I 16 L 68 5 m MR R e 07 LA AL T LW PMU STBAE X i@ AT 0 b . B01E. 45 RRWA T T ik
AR PR A 20

KR RAIRY: ARSI BABSKRE: E2REGEA

Estimating low frequency oscillation mode in power systems using multivariate empirical
mode decomposition and Hilbert-Huang transform
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Abstract: This paper proposes a new method to estimate the low frequency oscillation modes from synchrophasor
measurements in power system by using Multivariate Empirical Mode Decomposition (MEMD) and Hilbert-Huang
Transform (HHT). A multi-channel MEMD is proposed to suppress the influences of mode mixing caused by Empirical
Mode Decomposition (EMD), and further enhance the computational efficiency of decomposing multiple measurements.
In aid of the developed MEMD, the Intrinsic Mode Functions (IMF) with different frequency scales of different
measurement channels are obtained and the critical IMF associated with the dominant oscillation mode are detected by the
Teager energy operator. Owing to time-varying characteristics of the dominant oscillation modes, the instantaneous
oscillation frequency and instantaneous damping ratio of each dominant oscillation mode are tracked by HHT. The
proposed approach is analyzed and verified by using the simulation data from the 16-generator 68-bus test system as well
as the field measurements from Phasor Measurement Units of Liaoning Power Grid. The results show the accuracy and
effectiveness of the proposed method.
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(LS8 FFIE(E f/Hz 1%
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in 16-machine 68-bus test system
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Fig. 8 IMF2 extracted from all the rotor angles

in 16-machine 68-bus test system
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Table 2 Dominant modes estimated from the rotor

angle of each generator

it 1 Bk 2 i 3

f/Hz O%  flHz % fHz %
G2 21049 18728  — — 11401 32804
G3 19948 18888  — — 11461 3.5001
G4 20144 18516  — — 11395 34533
G5 20873 19177  — — 11673 3.5622
G6 20689 18923  — — 11602 34505
G7 20465 19011  — — 11568 33023
G8 20911 19023  — — 11630 3.5001
G9 — — 15977 24725 @ — —
GI0 20833 19056 — — — —
Gl 20875 18677 — — 11461 3.5622
Gl2 20566 19100  — — 11500 3.4301

G13 2.069 8 1.8756 — — — —
G14 2.065 4 1.8897 — — — —
G15 2.074 6 1.907 3 — — — —
Gl6 2.087 4 1.8823 — — — —
YA 2.066 6 1.8903 15977 24725 1.1521 34490
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K 14(f=1.596 3Hz » ¢=2.5106%) I #i = 10(f=
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% 3 EMD &A% MEMD & {145 RaTtt

Table 3 Estimated dominant modes compared

with EMD and MEMD
I ZH i 1 M2 B3
i fiiHi/Hz ~ 2.109 8 1.5983  1.1581
BE/% 1.1312 0.1253  0.9589
FMP WL 5T/ % 1.886 7 24546  3.5941
R 7% 1.064 5 22305  3.0300
ik fhiiHE/Hz  2.066 6 15977 11521
MEMD BE/% 09395 0.0877 04359
B flit{E/%  1.8903 24725 34490

72 % 0.8757 1.1518  1.1295
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mode estimated by MEMD and EMD
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Fig. 13 IMF signals extracted from active power on

Dandong-Danhai by using the proposed method
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Table 4 Relative of IMF signals for the active power on

Dandong-Danhai Line

IMF 73 IMF1 IMF2 IMF3 IMF4 IMF5
fie (e 43738 33436 27389 04927 1.0765

IMF 43 IMF6 IMF7 IMF8 IMF9 IMF10
fie 0.0082 821E-04 8.73E-05 5.15E-06 3.74E-06
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Table 5 Dominant modes estimated from the field active
power in Liaoning Power Grid
i 1 il 2

f/Hz 1% f/Hz 1%
FHRACS P 2k 15826 04573 08550  1.1947
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BIE 16048 04701 08508  1.1373
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