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Power System Oscillation Modal Parameter Identification Method Based on
Enhanced VMD and Bayesian Inference

DUAN Junfeng!, ZUO Jian?, YAO Wenxuan!
(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. State Grid Hunan Electric Power Company Limited Research Institute, Changsha 410017, China)

Abstract: To address the issue of degradation in modal parameter identification accuracy caused by mode aliasing and
noise contamination in power system disturbance recordings, a power oscillation modal parameter identification method
based on enhanced variational mode decomposition (VMD) and Bayesian inference is proposed. First, a sparsity con-
straint is introduced into VMD, and a genetic algorithm is employed to optimize the number of modes and the penalty
parameter, thereby improving the separation performance of oscillatory components. Then, a Bayesian inference model
based on Markov chain Monte Carlo sampling is established. Moreover, the time-domain oscillation model is taken as the
likelihood function, the posterior distributions of amplitude, frequency, damping factor, and phase are estimated, and the
corresponding confidence intervals are obtained. Simulation cases and measured disturbance recordings from the Hunan
power grid show that the proposed method can still be adopted to identify modal parameters accurately when the sig-
nal-to-noise ratio is no lower than 10 dB, while exhibiting good noise robustness and uncertainty quantification capability.
The proposed method can provide supports for oscillation mechanism analysis and dynamic stability assessment in power
systems.
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based on enhanced VMD with Bayesian inference
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Table 3 Relative errors of Bayesian inference for oscillation

parameter identification under different decomposition

algorithms

B e TRE% _
Mg fEL HRET K ML

TVF-EMD 1.351 3.476 0.752 4.158
ro | EWT 0.986 2.580 0.412 2,672
GA-VMD 1.124 3.051 0.631 3.836
ALTTE 0.111 0.769 0.040 0.510
TVF-EMD 1.687 3.843 0.508 4.805
EWT 1328 2.791 0.324 3.127

550 GA-VMD 1.561 3.433 0.417 4.632
AT 0.168 1.145 0.072 0.898
TVF-EMD 1.812 4217 0.598 4.466
SUR- EWT 1,463 3.243 0.392 3.745
SO  GA-VMD 1.741 3.869 0.514 4.114
ASLTTIE 0.231 1.853 0.093 1.325
TVF-EMD 1.640 4.031 0.631 4.709
MHO EWT 1.201 2.820 0.398 3.221
GA-VMD 2.043 3.943 0.547 4.458
AT 0.278 2.042 0.112 1.597

Iy SRIEENAE, THTAERMEENEES
Hfhivho SR, TESERRIRG(E 5 A, 2 L]
Xof R Tk e A TR B R T G S BT IR

D mRGES FE, SEEEOKES
RAE 2 B SR B vy, A WA 78 70 W B A ARG

2) R AT I R B BRI, TEAFAE TS SLMe A (n
PMU Wl &% 22 ) 15 0L N 56 2 Bl e 5 o

3) EAR BB AS A BE AR, AN LA (W VMD)
A BRI TR, FEHPESTRIUNE

4) J5 U643 A ok AR RN S B0 AR S, 3 R
SRFERE T P B HERE AL

gr b, fEmIE, DUMHBRY S M2 R . %
PRI , AR 0 43 AT 1A R Vi Pl It 9 Bz g i
B, WATRESE MCMC REFRCR K. JFiRAEH
BURSEZE . ISR 4, ARSI VEE SE bR s
TSRS, AR N SR e .
3.3 R B ILHRS SEOR BRI
3.3.1 IR SEULEAR 7

RIS UE BT 5 A S bR IR 5 3 s v A R
I FH SEBR AR S TR B 64T T R K. 2018
6 H 24 H, WHEHIH WAMS 24 A 5 %
HiX k CD HiJ FENUH IR ISR . F)5iR
AR BN, iR SGHh —kalEs B A (A B R
SEOYR, WEUR T i 6 S s I R SR Ek

R4 PR S HH) DU 5667341 1 vHE U
Table 4 Guidelines of oscillation parameters prior distribution

in Bayesian inference
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Table 5 Performance comparison of waveform reconstruction

for different identification methods

ik RMSE MAE R?
Prony 0.142 0.108 0.905
SSI 0.121 0.097 0.942
DMD 0.138 0.111 0.923
ATk 0.089 0.067 0.951
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