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Fig. 6 Time-domain plot and envelope spectrum of signals
after denoising
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Table 4 Comparison of denoising effect on resonant signals
under different methods

R ETaN RIME-VMD DBO-VMD VMD
RMSE 0.026 0.027 7 0.0308
SNR 45.604 43.276 42.961
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Table 5 Comparison of Prony algorithm and HT for
identification result of fundamental component (50 Hz)
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Table 6 Comparison of Prony algorithm and HT for
identification result of high-frequency component (2,100 Hz)
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Fig. 7 Time-domain plot and envelope spectrum of measured
signals
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Identification of pantograph-catenary resonance characteristic parameters
based on RIME-VMD algorithm

QI Jiaqi, CHANG Junchao, LI Zhichuan, CHEN Dongyan, YANG Guangrun, YANG Sen

( Metering Center, Yunnan Power Grid Co., Ltd., Kunming, Yunnan 650500, China )

Abstract: To improve high-order resonance detection for pantograph-catenary systems on electrified railways, this paper proposes

a resonance signal identification method that combines variational mode decomposition (VMD) optimized by the rime optimization algo-

rithm (RIME) with the Prony algorithm. Using the minimum envelope entropy as the fitness function, the RIME-based VMD optimiza-

tion determined the optimal parameter combination of the number of modes (K) and the penalty factor (o), and the subsequent decompo-

sition of resonance signals by VMD yielded intrinsic mode functions (IMFs). An IMF energy entropy increment threshold was then ap-

plied to extract effective IMFs, and denoised signals were reconstructed. The denoising effect was evaluated using the root mean square

error (RMSE) and signal-to-noise ratio (SNR). Finally, the Prony algorithm identified the characteristic parameters of the denoised reso-

nance signals. Verification through simulation and measurement shows that the method can accurately identify pantograph-catenary reso-

nance characteristic parameters in strong noise environments, exhibiting good noise resistance.

Keywords: pantograph-catenary system; RIME algorithm; energy entropy increment; Prony algorithm
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