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Abstract: With the increase of service life of urban rail transit, the stability of subway tunnel lining is getting worse and worse.
Aiming at the problem of difficulty in detecting voids behind lining, impact echo method has been developed as a new means
to detect such diseases. Among them, effectively extracting echo oscillation characteristics from complex signals of detection data
has become the key to detecting voids behind lining. Based on the voids detection experiment behind “segment-surrounding rock”
full-scale model, this paper proposes a denoising method based on Butterworth bandpass filter signal coarse screening strategy
combined with local noise smoothing based on Daubechies8 wavelet transform. This method uses 4th-order bandpass filter and
sets high and low frequency cutoff frequencies of 1 kHz and 50 kHz to effectively suppress signals and noise outside the frequency
band; wavelet transform based on improved adaptive threshold method smoothes signal spikes and finely removes residual noise
within the frequency band. The results show that after denoising the two-dimensional time-frequency diagram of experimental
data by this method, high-frequency spikes are suppressed in the frequency domain, low-frequency discrete noise is removed,
and echo signals in the passband are smoothed; the distribution characteristics of echo signals are retained in the time domain
to reduce noise interference. The joint denoising method proposed in this paper significantly improves the extraction effect of
the echo signal oscillation characteristics, and provides a preliminary research basis for the impact echo method to detect voids
behind the lining of subway tunnels.

Keywords: urban rail transit; subway tunnel; void behind lining; impact echo; Butterworth bandpass filtering; Daubechies8
wavelet transform; signal denoising
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