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Power system low frequency oscillation modal identification based on a tunable Q-factor
wavelet transform and sparse time domain method
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(1. School of Electronic Electrical and Physics, Fujian University of Technology, Fuzhou 350118, China;
2. Fujian Provincal University Engineering Research Center for Simulation Analysis and
Integrated Control of Smart Grid, Fuzhou 350118, China)

Abstract: There are problems of noise interference in low-frequency oscillation pattern recognition and parameter
extraction in a power system. Thus a new method for extracting key modal parameters of low-frequency oscillation is
proposed, one which combines a tunable Q factor wavelet transform (TQWT) with a sparse time domain (STD) method.
First, TQWT technology is used to preprocess the wide-area measurement signal of low-frequency oscillation in a power
system with noise, and then the processed signal is used as a new input signal to identify the oscillation modes and their
parameters by an STD algorithm. Then the input signal can be collected by single-point or multi-point measurement. The
advantages of the proposed method are verified by simulation of the test signal and a EPRI-36 machine system. It can
effectively suppress the noise and accurately identify the oscillation modal parameters of the system in the environment
with low signal-to-noise ratio. Compared with the traditional method, it has better anti-noise ability, shorter identification
time and more accurate identified parameters.
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Fig. 2 General process of TQWT-STD identification method
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Table 1 Comparison of denoising methods in different
SNR environments
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WRGIEASHINPHR, SESHRG R IR 7
FioR. fEH I RGP RGBS IR e bt/ T
5%, WIVEAFZIECRI RBEBIR A &5t
P TR 5 ARS8 0.777 5 Hz, 0.980 2 Hz,
FEJE EL43 5124 0.011 2.0.043 4 [F AN AR % 1A
Hr, Prony. ITD BAK AL STD FHR P45 51
7930 By 24 By A 19 By, eBYE R 7 i EdE T
M, ERGTESEEYT ITD ek T, R
WIEMT B Fib 2 E S HHER R B E AR B 2,
FHBEiRZEHE I T 0.01, W®ERK: i Prony
BRI RN TR E R AR 2 MEASHIRE e
tts i 6 2l & B R H P MRS RS
FHJE LbsrAm, DIAEES 2 M5, Prony #HIH HIBHJE L
O e mEs IR H, 1TD /e 5Lk 10 dB A1 15 dB
THEA W B FE e e AR RO RR R b s IR, T
ASCTTENRENS AR N R ZE AT HERF I R o

o, P15 dB AN DR (5 5 G il
B, i 7 R, EIEES AR A LS
JRAE(E 5 & 2 RIPR B i e R, VI AW AR S
AR IR [ R UR(E S iRPEER 8 & TEM
G 85 BE UL & 3507 R 2 A &, TQWT-Prony .
TQWT-ITD Ll Jz TQWT-STD 2 fif 5 3l 1) & &
R-square 5454374 0.997 5. 0.9759. 0.999 7, /)
305 % 2 $8 4523 74 0.002 0. 0.010 7. 0.000 5,

R7 ET TQWT FiAIBT 3 MESKMPHALR

Table 7 Identification results of three algorithms
based on TQWT preprocessing

PHROT BB BiFEHz %Mz et BHERE
0.7798 0.0023 0.0166 0.0054
1 1.0312 0.0510 0.1096  0.066 2
TQWT- 07779 00004 0.0155 0.0043
Prony 20 09920 00118 0.0916 0.0482
07762 00013 0.0143 0.0031
2 09757 0.0045 00685 0.0251
0.7745 00030 0.0216 0.0104
1 09829 0.0027 0.0589 0.0155
TQWT- 2 0.7804 0.0029 0.0035 0.0038
ITD 09755 0.0047 00318 0.0116
- 07711 0.0064 0.0105 0.0007
09625 00177 0.0615 0.0185
0.7770 0.0005 0.0127 0.0015
1 09864 00044 0.0538 0.0030
TQWT- 20 0.7772 0.0003 00123 0.0011
STD 09831 0.0029 0.0490 0.0056
0.7768 0.0007 00126 0.0014
2 15150 0.0004 0.0482 0.0048
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Fig. 6 Damping ratio identified by different methods
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Table 8 Fitting accuracy of each method identification
under different SNR

PHET (EMRLbdB SR R-square YR

15dB 0.976 3 0.0114

TQWT-
20 dB 30 0.9915 0.0055

Prony
25dB 0.997 5 0.0020
15dB 0.9757 0.0234

TQWT-
D 20dB 24 0.956 6 0.0229
25dB 0.9759 0.0107
15dB 0.996 2 0.0018

TQWT-
20 dB 19 0.998 6 0.000 6

STD

25dB 0.999 7 0.000 5

KW 7 TQWT-STD Rl LU 1 &R B
BN TR ZERE ST A S AR
439N 30. 24 LUK 19 By, BT VARSI AL
AILAE L, Prony A 7 B DA R I OS5 5
HEAT AT HERR R, 1ITD VEZE B Rk B
WITMA; TR TR, PR IR
1A 19 B, [A] B BERS (RAIE EL AT 58 HERA 0 S B RS

[Eo L b, ASCTTFAESHHRRRE LU HHR
B e 8 A BB T

MR TQWT-STD EL K ES FRIZ &
DR =R (€7l N 0F 7 31 RT3 - El w2 Gl S OB~ % i
E, EH G1—G7 MR DI AHRZ(E S 1 5KH
BURA L 7 SRS BRI RIRGE S, K
AR = R EAR SR NSO RN
FHAE R & S B A InAS R FE B ML, DL
RELALL SRl SR BT T IR G (5 5 -

PSS g5 a3k 9 fon, MRS E0R
ZEW AN, TQWT-STD 7£% il A5 5 T iR )
ZHRORFEBUN, IFRAE R RZ Ny 0.005 0 Hz,
REMGWE S HHRRIRG L EOR, JFEER 7 /R, A3
TTEANRRAE L N EIL AR SN EE ST, #
REXT R Gt 14 3 A AN R e B S AE i R
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Table 9 Identification results of this method under

multi-point measurement signals

fEMetdB B BigHz wZEMHz e/ BHJBIRZE
1 07732  0.0043  0.0245 0.0133
' 2 09844  0.0042  0.0576 0.014 2
1 07821  0.0046  0.0048 0.006 4
20 2 09747  0.0045  0.0359 0.007 5
25 1 07727  0.0048  0.0137 0.0025
2 09752  0.0050  0.0502 0.006 8

BJa, FEHEINEENRES. EEST
BEAT SR T R SR ARIS TR], 36 10 s . AR5
BERGHIBECE T : windows7. 64 7/ R 4:.
8 GB 2% N 77 (RAM) AL 2% 4 Intel(R) Pentium(R)
G4400 @ 3.30GHz i5 4bHi%s. R4 10 HHHIFTH
INfIE AT, 5 AR SR AR IR G I A S HUR i AR b
FEDR AN ) #RACH, BN & T VAR RE M T R AE 2 By
R TR 2K, (HAHELEM &, A7 TQWT-STD
TE SR ARARATR 35 152 25 2 B0 i 7% v e FH I TR) A AE
0.67 sLAN, FrfIt ISR, BRI A SCIEERAS S
H SR AF 8] AR R

R 10 ZROKBRT PR FERTE)
Table 10 Average time spent on multiple solutions

Jiik MRES s JiHEES s I [al/s
TQWT-Prony 0.706 5 0.702 4 <0.71
TQWT-ITD 0.693 6 0.695 6 <0.70
TQWT-STD 0.663 1 0.667 3 <0.67

5 4R

AT TN Q P F /M A (TQWT) Rl A
B 18%(STD), £ #L ) RGEHIMRIIR & B 2 e 2
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