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Abstract 

A measure of Frequency Gaussian is defined and used to detect rail crack acoustic emission signal 

in this research. Piezoelectric sensor signal is a linear mixture of rail crack acoustic emission signal 

and background noise, thus assuming those signals has the following three properties based on the 

central limit theorem: 1) the background noise is a linear mixture of stochastic non-stationary 

signals, making it a Gauss signal or approximate Gauss signal, as for the measure of Frequency 

Gaussian is near zero. 2) As rail crack acoustic emission signal is an unascertained non-stationary 

signal, the measure of Frequency Gaussian is a scalar far greater than zero. 3) The piezoelectric 

sensor signal is a linear mixture of an unascertained non-stationary signal and Gauss signal (or 

approximate Gauss signal), the measure of Frequency Gaussian is a scalar far greater than zero.  

Introduction 

This article gives a rough method for detecting rail acoustic emission signals, this method is based 

on the detection of frequency-domain Gaussian. This algorithm design theory will not be omitted, 

but may be false positives, if you want to be precise detection, other detection methods require a 

subsequent match. 

Signal Model 

Through the study of Rail acoustic emission signals and Background noise in the laboratory, 

Acoustic emission signal can be modeled as linear superposition of Anti-exponential decay 

oscillation signals, is an unascertained non-stationary signal, the measure of Frequency Gaussian 

is a scalar far greater than zero. Background noise is a linear mixture of stochastic non-stationary 

signals, making it a Gauss signal or approximate Gauss signal, as for the measure of Frequency 

Gaussian is near zero. The piezoelectric sensor signal is a linear mixture of an unascertained non-

stationary signal and Gauss signal (or approximate Gauss signal), the measure of Frequency 

Gaussian is a scalar far greater than zero. 

Linear superposition of Random non-stationary signals has Strong Gaussian based on Central 

Limit Theorem. Linear superposition of unascertained non-stationary signal has Weak Gaussian 
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based on Central Limit Theorem. The Gaussian measure of rail crack acoustic emission signal is far 

different from the Gaussian measure of Background noise. 

 

Fig1: Rail acoustic emission signals (linear superposition of Anti-exponential decay oscillation signals) 

 

 

 

 

Fig2: Background noise (Linear mixture of stochastic non-stationary signals)  

 



 

Fig3: Piezoelectric sensor signal (linear superposition of Rail acoustic emission signals and Background noise) 

 

Time Domain Gaussian Vs Frequency Domain Gaussian 

Different form in different transform domain of an signal have the same information. Through 

the study found that: 1) Different transform domain form of Gaussian signal is not sensitive to 

Gaussian measure; 2) Different transform domain form of Non-Gaussian signal is sensitive to 

Gaussian measure; 

 

Tab1: Time Domain Gaussian Vs Frequency Domain Gaussian 

 

Frequency Domain Form based on Bispectrum 

Bispectrum is a statistic used to search for nonlinear interactions. The Fourier transform of the 

second-order cumulant, i.e., the autocorrelation function, is the traditional power spectrum. The 

Fourier transform of C3(t1, t2) (third-order cumulant-generating function) is called the bispectrum 

or bispectral density.  

Because the following two points：1″Bispectrum of Gaussian signal is 0; 2) Frequency domain 

form of a signal can be obtained by XianDa Zhang[2] method. Frequency Domain Gaussian of 
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Piezoelectric sensor signal can be obtained. There are two advantages to do so: 1) Frequency 

Domain Gaussian is more sensitive than Time Domain Gaussian; 2) to avoid the impact of a 

Gaussian signal (Background noise). 

Gaussian Measure 

This paper used MELVIN J. HINICH[1] method to get Gaussian measure. 

Method 

Based on 1) Signal Model; 2) Time Domain Gaussian Vs Frequency Domain Gaussian; 3) 

Frequency Domain Form based on Bispectrum; 4) Gaussian Measure; 5) Central Limit Theorem. A 

rough detection method of acoustic emission signal is as follows: 

1) Wavelet Packet Analysis to Piezoelectric sensor signal is first implemented.  

2) Getting Bispectrum of the 5th-8th wavelet packet coefficients; 

3) Getting Frequency Domain Form of the 5th-8th wavelet packet coefficients based on 

XianDa Zhang Method[2]; 

4) Getting Frequency Domain Gaussian of the 5th-8th wavelet packet coefficients based on 

MELVIN J. HINICH[1] method; 

 

Through laboratory data analysis, we found that Frequency Domain Gaussian Measure of 

acoustic emission signal is greater than 7000, and Frequency Domain Gaussian Measure of 

Background noise is near zero. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Conclusion 

The following table illustrates the measure of Frequency Gaussian of different signals: a. Laboratory 

Rail Crack Acoustic Emission Signal′Different SNR″; b. Background Noise Signal; and c. Linear 

Mixture of Acoustic Emission Signal and Background Noise Signal′Different SNR″. 

 

Signal′5000 Sampling Points″ SNR 
Measure of Frequency 

Gaussian 

Background Noise Signal   0.326 

Laboratory Rail Crack Acoustic 

Emission Signal 

20db 9.46E+04 

15db 6.57E+04 

10db 4.57E+04 

5db 1.02E+04 

Linear Mixture of Acoustic 

Emission Signal and Background 

Noise Signal 

20db 8.23E+04 

15db 3.52E+04 

10db 2.15E+04 

5db 5.46E+03 

 

 

As the three properties assumed before have been verified by the Frequency Gaussian of different 

signal. This article argues that the Frequency Gaussian and three properties could be used to detect 

rail crack acoustic emission signal by calculating its Frequency Gaussian. 
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