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Abstract: To enhance the vibration detection performance of phase-sensitive optical time-domain reflectometry (©-OTDR) in
complex noise environments and address the issues of mode mixing and parameter dependency found in traditional denoising
methods when processing non-stationary, multi-frequency vibration signals, a ®-OTDR signal denoising method based on time-
varying filtering empirical mode decomposition (TVF-EMD) is proposed. This method first adaptively decomposes the origi-
nal vibration signal into multiple intrinsic mode functions using TVF-EMD. By calculating the sample entropy of each mode, a
threshold is set to distinguish between signal-related modes and noise-related modes. The vibration signal is then reconstructed
based on the signal-related modes, thereby achieving effective noise suppression. Simulation results and experimental verifica-
tion show that the proposed method increases the average signal-to-noise ratio by 13.281 dB and 14.3 dB, respectively, and sig-
nificantly reduces noise fluctuation in the practical vibration signals from a highway tunnel.

Key words: phase-sensitive optical time-domain reflectometry, signal-to-noise ratio, time-varying filtering empirical mode de-

composition, intrinsic mode function, sample entropy
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