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Abstract. Ultrasonic echo signal from running rail defect detection equipment generally contains noise,
which makes it hard to identify the defects. In this paper, wavelet transform based approach is
proposed to process the ultrasonic echo signal. Through the experimental verification, the proposed
method is effective in detecting the defects of rail under running operation.

Introduction

Traditionally, ultrasonic is used to detect the defects of the rail, and it mainly depends on
experienced or specially trained workers who observe the ultrasonic echo signal to judge whether the
rail has defects. In the process of detection, because of the ultrasonic probe moving on the rail, the
defect echo signal is disturbed, and even submerged by the noise or other interferences. Workers can't
identify the defects from the dynamic echo signal effectively [1, 2]. In this paper, the ultrasonic echo
signal is decomposed and reconstructed using wavelet transform for denoising, which make the defect
signal more easy to be identified.

The Construction of the Nondestructive Defect Detection Experiment Equipment

At present, domestic nondestructive defect detection devices have low intelligence, low detection
rate of the rail defects. In order to solve these problems, this paper designs a new type of monorail
defect detection experiment in order to improve the current technology as shown in Figure 1.
Ultrasonic probes contact with the rail directly using water as coupling agent. The ultrasonic probes of
the whole device mainly have four parts as shown in Table 1. Probes at different angles are used to
detect different defects, such as 70°probe detecting rail head defect, 37°probe detecting threaded hole
defects and 0° probe detecting the defects of rail surface to the bottom of the ral and the waist
projection parts[3]. In Figure 2, we can see the 0° probe is focused to detecting two hole defects.
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Figurel Monorail nondestructive defect detection experiment device.
1. The driven system. 2. Baseplate. 3. Defect detection system.
4. Guide structure. 5. Rail. 6. The motor. 7. Drive system.
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Table 1 The types of probes in detection device

The serial number The probe model angle of avertence
1 0°+ 37° 0°
2 37°+ 70° 20°
3 70°+ 70° 20°
4 70°+ 70° 0°
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Figure.2 The 0°probes detect two holes flaws.

The Defect Echo Signal Processing

This experiment adopts the CTS - O4PC multichannel high speed data acquisition card, and the
sampling frequency is 100 MHZ. Defect signal recognition mainly includes three steps. Firstly, the
process of wavelet analysisis regarded as a decomposition function. The function is decomposed into
wavelet coefficients [4]. Secondly, a soft threshold processing is adopted for the detail coefficients[5].
Finally, the origina signal is recovered from the processing coefficients by wavelet reconstruction. In
this paper, we take the situation in Figure 2 for instance as the defect echo.

Wavelet Decomposition. Wavelet transform is used for local analysis, which is to analyze a
localized area of a larger signal. By the scaled and shifted operation, the approximations are the
high-scale, low-frequency components of the signal and the details are the low-scale, high-frequency
components, which can automatically adapt to the requirements of time-frequency signal analysis
[6].The original signal passes through two complementary filters and emerges as two signals, which
respectively are the approximations (low-pass filtering) and the details (high-pass filtering). Two
signals are downsampled under the filter in the sampling of the scale of 2 [7]. Further decomposition
means that the approximate signal as the original signal is decomposed according to the steps above.

Signal Denoising. In the non-destructive testing, due to data collection and environmental
instruments, there are inevitably some independent noise componentsin echo signals. If the noiseis not
processed and analyzed directly, it islikely to make the resultsinaccurate. This paper usesthe threshold
denoising to process echo signal.

Assuming that the original signal isf (n), and s (n) is added the noise signal. So the basic model of
the noise can be represented as:

s(n)=f(n)+oe(n) (1)
In the formula (1), e(n) is noise, and ¢ is noise intengity. In the simplest case, e (n) is a Gaussian
white noise, so 6=1.
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In the process of denoising, the key step isthat how to assign a threshold for the coefficient, which
directly affects the quality of the noise reduction. So people set up the model based on various theories
and experience. However, no models are universal, and they all have their own range of applications.

From the theoretical model, this quantity is expressed by the formula (1). There are many methods
to extract the o from s(n). Assuming that the noise is white noise (the noise of the mathematical
expectation is 0), o can be measured by standard deviation of wavelet decomposition coefficient in
each layer of the original signal.

After getting noise intensity of the signal, according to the noise intensity o, the threshold of each

layer can be determined. In this paper the threshold can be decided by the Birge - Massart mathemetical
model.
Experimental Verification The experiment uses 0° ultrasonic probe to detect two hole defects as
shownin Figure 2. If the rail has defects, there are two reflections (echo signal A and echo signal B) by
the two holesand abottom echo signal C. If there are no defectsinrail, there is only bottom echo signal
C.

We use the 0° probe of the flaw detection experiment device to get two groups of data (the static
measurement data): normal signal (Figure 3 (al)) and hole defect signal (Figure 3 (bl)). The two
groups of signal can be processing respectively by wavelet decomposing, denoising and reconstructing.
The signals are shown respectively in Figure 3: (a2) and (b2). Comparing with (b1) in Figure 3, (b2) is
easier to recognize the defects. From (b2), we can find that there are two defects in the defect signal,
respectively at x=36.37mm and x=167.5mm, which associate with the actual defect location in the
testing calibration block.
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Figure 3 (al) normal signal; (bl) holes defect signal; (a2) denoised normal signal; (b2) denoised hole
defect signal.

In order to verify whether the wavelet processing meet the requirements in the dynamic state based
on the probe velocity in 0.5 m/s, two sets of data (original signal in Figure 4(el) and original signal in
Figure 4(e2)) about the appearing to disappearing of defects are taken. At the same time, the
experiment is used to detect defectsin Figure 2. It is not hard to find that processing dynamic defect
signal in Figure4 (f1) issame asthe static processing defect signal in Figure 3 (b2). After two groups of
dynamic signal are processed, it is easy to see that the defect vary in two states, which is significantly
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and disappearing like Figure 4. Comparing the original signal and processing signals in Figure 4, the
processing signal is easier to identify defectsin dynamic state.
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Figure 4 (el) hole defectsin original signal; (f1) denoised hole defectsin original signal; (e2) normal
original signal; (f2) denoised normal original signal.

Conclusions

In this paper, a wavelet based ultrasonic signal processing method is proposed for autometic rail
defect detection. An experimental detection equipment is constructed for the verification of proposed
approach, results have shown that it is effective for rail defect detection under both static and dynamic
operation.
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