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Demodulation Method for Amplitude-Frequency Modulation Characteristics
of AC Signals in Initial Stage of Converter Interfaced System Oscillation
Based on Particle Swarm Optimization Algorithm

CAI Baike, WANG Sicheng, YUAN Xiaoming
(School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: A particle swarm optimization algorithm based demodulation method for amplitude frequency modulation characteristics of
power system oscillation signals is proposed to address the problem of power system oscillation caused by the continuous increase in
the proportion of new energy grid connected. Firstly, starting from the physical mechanisms of formation and evolution of AC electri-
cal quantities, the constraint relationships of oscillation signals under disturbances are clarified, revealing the modulation patterns of
their amplitudes and frequencies over time. Unlike traditional harmonic superposition methods based on Fourier decomposition or
wavelet analysis, this study emphasizes that oscillation signals are not formed by static harmonic superposition but rather result from a
continuous modulation process shaped by the system’s dynamic closed-loop action, which carries greater physical significance. On
this basis, a PSO-based amplitude-frequency modulation feature extraction method is designed. By minimizing the deviation between
the fitted waveform and the actual waveform, the amplitude-frequency modulation parameters that determine the oscillation process
are extracted. Simulation results show that the proposed method can accurately reflect the oscillation patterns of typical converter-
interfaced power systems, with the fitted waveforms highly consistent with the original signals. Dynamic model experiments further
validate the applicability and effectiveness of the proposed algorithm in practical systems.
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Fig. 3 Dynamic closed-loop operation process of the power
system
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demodulation based on the particle swarm optimization algorithm

3 {FEWIE

YR AR (5 IR LA, A 5B LA

A5 T RIBCL IR H SRR R L 1 & B, RS
%%WE%%H%%WE%%%%%E%%%%@
W TR IR TR . B IR SRS O T bR
IHE P B9S2 2, Al BE H B (ER SO R
(BB B9 = ARBERHE BT 0 M ARG B0, 3L
AL ARBESAE OU N IR 155 D 0], S0 U e A3 A 7
MUY IERA 1 o
3.1 KRERFSHEHSHIR

A POARNE S, HRAIE(14)—
M@%ﬁ,ﬁmﬁ?ﬁﬁﬁﬁiﬁﬁﬂ%%ﬁﬁ
S/RE

(14)

e, (t)= A(t)sin(f w(t)dt + @,
0
A,y ko J"t: ;@
Au)=491+1ef“m{f3om) (15)
0

w, ko S % . ’_(,L
w(t) = 1007 +(11ek““gn(f 30dt) (16)
0



5 4 1]

AP, A5 TR RERA R LB I R R GRS WSS U AR WA A g 8 7 vk 71

A (14)—CLe) A IRAIR Y, 5%
BOUAHLCES , DAL 5% 07 0 e 25 R BE Ay
Hbw, FIFR R A W 75 1) 45 0 O 6T
LA, AR ME TR, TUERAEEES
IR O L 2Em G, (TRZEREN, {5
FELETT MR my Tt A M0 o] S AR e 1
ATh e A% T B BUR ¥ 1 5 1 R (55 000 3R T AL RRAIE
T 55 M P X I ) S B B SR A B R
BRAUA PO 5 IR IRG 55 R —20, Bk
TR EEAEAE MRS R P IR e S AR, &
1 ) A 1 38 T % S R 285 SR 5 4 S O SRR
BUEAHSE, PTLAE IR BEE LG Y B 5 s i
k.

600 __ e
ﬂn-—@%ﬁﬂﬁ%

P LA BRI E/V

NI

1.0 1.1 1.2 1.3 1.4 1.5
t/s

E7 RERLATIGESKEBEEER

Fig. 7 Demodulation results of the given amplitude-frequency
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Fig. 8 Topology diagram of offshore wind power centralized transmission via AC lines
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Tab. 2 Feature extraction results of the amplitude and
frequency characteristics of the instantaneous internal
electromotive force of direct-drive wind turbine 1
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Tab. 3 Feature extraction results of the amplitude and
frequency characteristics of the instantaneous line currents of
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Fig. 12 Fitting results of oscillation waveforms in the dynamic
model experiment
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Tab. 4 Feature extraction results of the amplitude-frequency
characteristics of the oscillation waveform from the dynamic
simulation experiment
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