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Dynamic frequency estimation of wideband oscillations based on successive variational
mode decomposition and an improved two-step method
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(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China; 2. Department of
Electrical Engineering, Fuzhou University Zhicheng College, Fuzhou 350002, China)

Abstract: The high penetration of renewable energy integration has exacerbated wideband oscillation problems in power
systems, potentially leading to consequences such as generator tripping. The wideband and multimodal characteristics of
such oscillations result in signal aliasing and non-stationarity, posing significant challenges to accurate frequency
estimation. Real-time and precise frequency estimation is crucial for suppressing frequency oscillations. To address this
problem, this paper proposes a dynamic frequency estimation method for wideband oscillation signals based on
successive variational mode decomposition (SVMD) and an improved two-step (ITS) approach. First, the whale
optimization algorithm (WOA) is introduced to adaptively determine the maximum penalty factor of SVMD, and the
oscillation signal is then decomposed via SVMD into intrinsic mode functions (IMFs), effectively avoiding reliance on
prior knowledge. Second, by integrating the two-step (TS) method with multi-synchrosqueezing transform (MSST), the
resolution and noise immunity of frequency estimation are enhanced through phase demodulation and time-frequency
spectrum refinement. Experimental results demonstrate that the IMFs decomposed by the proposed method closely
resemble the oscillation components of the original signal. Furthermore, the accuracy of dynamic frequency estimation is
significantly improved compared to traditional methods such as TS and Hilbert Transform, enabling effective dynamic
tracking of the instantaneous frequency of oscillation signals in both simulated and measured data.
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Table 2 Optimization decomposition results of low

and high frequency signals

WARES I} ) /s P PCC  MIbit  MSE/V?
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FAIMF2 0999  2.401 1.059
fGA IMF1L  0.998  2.265 19.647
A IMF2  0.999  2.389 2.225
4 IMF1 0.999 2375 2.637
FAIMF2 0998 2318 5.164

2%, GWO Fl WOA BEAEF-24) i ]
B R AR T A R, SR R A R R
TEVEMFEFR 7 TH, WOA BEAE AR S 5 I 3
R, A ARTERERT 3 AN BT bR 1P IME
S liEF] 0.999. 2.327 F110.936, F A WOA /iRt
MG 5 5 UG BAE 5 TR Fe T s AR . AL
2N, HAh BRI A ERANE S, T REE
KPR SRR R o ', AR T R RS
RBIG . X — )8 E 3 S BUX L HIEN 3 T
bR BT AL, HAEBARBISHEN T WOA
Hi%. XK WOA 8-Vl 4= s 18 2 il 2 7
TEA WET, Rl 78 3 AR H A AR T 1)
G, RS AR LT Hh v Al 2 BLAS 2 18] R AH B

T s S o R, 4 R SR EE T
IFGE S S EMAME R XRG4
7T, IXSSEVEEREA RO (S SR, SEEL
W 0G5 20 fi

2 FATiR, WOA-SVMD 7215 5/ i i &
WA . ol RTEARMINA & m S S b2, #RRE
Pept iR B R R R

)M EAUE T AN ST

FIFASCHT R ITS LK TS, HT. PTC J7ik
XT WOA-SVMD 43 it Ja 152U =Sk (1Y) IMF

WOAP 8.863

HHATEh ARG, H PCC. MI Al MSE K48 1 &
7 B

—@— ITS
== TS
=@=— HT
== PCT

EAHHIMF1
1.9

FIIME2 b (K AHIME2

FAITMF1

(a) PCCIY
fICARIMF1
3 —— ITS
« TS
—@=— HT
@ PCT
FIATIMF2 * {EARIMEF2
FEAIIMF1
(b) M1{&
fICARIMF1 —0— ITS EAIIMF 1
15 —e— TS
=== HT

=@= PCT

&2
IMF2

&S w
IMF2  IMF2

EHIIMF1 FIIMF 1

(c) MSEfi{

7 &30, SSRMES IMF 2R
Fig. 7 Performance effects of IMF components for
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mode of measured signals

A1 250 Hz 83 . T4 WOA-SVMD 43 il il
ITS FiFMRM TG, 32IE 9 B 3 s
R E M. 245.5 Hz RS R 52 5 250 Hz
WK RIS, SRR, BREZ) 2.5 Hz;
19.5 Hz BEASARSZIEDRTH, HARMFRE, $#3h
MEME/NT 0.5 Hz; 1SS 10 B v ARE, B
HIMEMEAY 0.05 Hz id7 . 48 L, ASCHEIERE SIS L
BriR i I B SR AS T, AR LLER S TR B Re e
TSR S i ) RS 5 AR RR M

N R BT bR A A TR I HERR I, A AT
ET U HEIAEENE ST TEN. FER
WOA-SVMD 7 fifi £5 21| ¥ 8- 525 U % £ [R] i 0 7
A AAE A S S B LB 250 55, ASCRAVURE
M7 B e N FRT A B v 42 BUS 1E2S I AE A
RNEMESRREEAEN: 19.5 Hz B3 0.43 kV,
50 Hz f545 10.052 kV, 245.5 Hz #545 0.29 kV), &
JEET ITS SR AN &5 R S EAE S 1B A
fir. BEH5ERUE, FH PCC. MI #1 MSE #4145
X E MG S 5 RGE ST e R, gRWE 3
Fim .

%3 EMESITEER

Table 3 Evaluation results of reconstructed signals

T PCC MI/bit MSE/kV?
ITS 0.984 1.880 1.601
TS 0.943 1.542 5.870
HT 0.911 1513 9.144
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Fig. 10 Assessment chart of application scope
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