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Research on short-wave irregularity feature recognition of
urban rail transit based on wavelet analysis method

Fang jian' , Wang Yuging' ,You Riliang',Yang Mingchao3 , Deng Yuanxing', Lei Xiaoyanl, Lian Songliang2

(1. State Key Laboratory of Safety and Resilience of Civil Engineering in Mountain Area, East China Jiaotong University, Nanchang, 330013, China;
2. Key Laboratory of Road and Traffic Engineering of the Ministry of Education ,Tongji University, Shanghai, 201804, China;

3. Beijing RailwayElectrification College, Beijing 102202, China)

Abstract: The on-site measured data of short-wave irregularities on urban rail transit track surfaces often exhibit
non-stationary characteristics. In this paper, the wavelet method with multi-resolution and adaptability is used to
study the local characteristics, disease identification and track irregularity power spectrum of non-stationary track
surface short-wave irregularity. Firstly, Daubechlies10 is selected as the wavelet basis function to identify the
waveform characteristics of rail surface shortwave irregularity. The Daubechlies10 wavelet is used to decompose
the signal into 10 layers, and the power spectrum analysis of the decomposed detail signal and the approximate
signal is carried out to obtain the contribution of different waveforms to the power spectrum. The wavelet power
spectrum of short-wave irregularity of the rail surface in the joint area of the straight section and the curve section
of the two track types of the elevated line and the underground line is calculated.The research demonstrates that
wavelet basis functions can effectively identify local features of short-wave irregularity waveforms. Through the
approximation and detail signals obtained from wavelet decomposition, significant irregularities at wavelengths of

20.298 m and 115.98 m were identified. Power spectrum analysis of these decomposed signals revealed the

HEWH: BERARFIFIEETH(51668019); {LFEHE THEDH (GII13318)



contributions of different waveforms to the power spectrum across various wavelength ranges. The wavelet
spectra of underground lines, elevated straight sections, and curved sections with welded joints were calculated
using the wavelet transform method and compared with the Sato spectrum and the short-wave spectrum from the
China Academy of Railway Sciences. The results indicate that the wavelet analysis method can effectively process
non-stationary data, providing a robust approach for comprehensively analyzing the characteristics of short-wave
irregularities on urban rail transit track surfaces.

Key words: rail transit; short wave irregularity; wavelet analysis; non-stationary signal; wavelet power spectrum
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Fig. 6 Track surface short-wave irregularities detection signal power spectrum
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Fig. 7 Analysis of short-wave irregularity and wavelet power spectrum on the orbital surface
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Fig.9 Curve section welding joint area wavelet power spectrum
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