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Abstract. Automated digital signal processing technique is widely used in 
nondestructive testing of rails. It allows increasing considerably informational 
content, reliability and productivity of testing. However the reliability of 
classification algorithms significantly depends on quality of a preliminary noise 
filtration. This work describes the benefits of adaptive filters in the scope of 
magnetodynamic signals processing. The results of spectral analysis prove that use 
of simple digital filters considerably distorts amplitude of desired signal. The 
algorithm is realized on the basis of a two-layer artificial neural network with direct 
signal propagation. Training of a network has done on a low-frequency noise 
component of signal. It is shown that application of an adaptive filtration allows 
reduction of signals from the tie plates which existence complicates identification of 
signals from defects.  
 The advantages of an adaptive filtration are: 
 1. More effective filtration in comparison with frequency domain filtration. 
 2. Less distortion of amplitude and form of desired signal. 
 3. The possibility of automatic adjustable parameters of the filter for noise 
suppression with various carrier frequencies. 

Introduction  

Nowadays ultrasonic and dynamic magnetic-induction (DMI)  methods of nondestructive 
testing are widely used to detect damages on rails. These methods used in high-speed rail 
inspection trains. With application of the automated digital signal processing, it 
considerably increases informational content and accuracy of inspection results. 
Magnetic field response acquisitions include signals from flaws, rail joints, splice bars, tie 
plates and welded joints. In addition, magnetic field interference can distort a form of 
signals and affects on reliability of classification algorithms. In this case, data 
preprocessing must be applied to exclude errors in recognition algorithms. 
The high-frequency noise  results to chaotic changes of a form of a signal. The low-
frequency component contains information on location of tie plates. DMI signals on 
figure 1 represent amplitude to track position response. 
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Fig. 1.  Example of typical DMI signal diagram. 

The carried-out spectral analysis of DMI signals  pointed out, that amplitude ranges of 
signals from rail joints, welded joints, flaws, tie plates and surface damages are similar 
(figure 2). Therefore, use of standard digital filters for signal processing is not effective, or 
appreciably distorts amplitude of other signals. 

 
Fig. 2. DMI signal amplitude spectrums from:  

rail joint – a; welded joint – b; defect – c; surface damages – d. 

According to the aforesaid, it was assumed, that the use of the predictive filter will allow us 
to make more effective filtration. 

Description and experimental study of the algorithm 

In this study we investigate the possibility of using predictive filtering for DMI signal 
processing and the implementation of predictive filter based on neural network algorithms. 
Basic scheme of predictive noise suppression shown in figure 3. 
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Fig. 3. Illustration of predictive noise suppression process. 



3 

In figure 3 filter receives the waveform X, filters it and predict �̂. Then subtract �̂ from 
noisy input X. For this filter, the noisy input X acts as desired response. Noise canceling 
generally performs much better than the classical approach since the noise subtracted out 
rather than filtered out. 
To produce the output signal closest to the base signal X, the predictive filter must 
compensate noise. Algorithm of filtration consists of the following steps: 

1. Adjustment of filter parameters. 
2. Producing the output signal of the filter �̂. 
3. Producing the output signal Y. 

 
Consider the problem of filtering signals from tie plates – their presence hampers the 
detection of signals from surface and inner flaws with small amplitude. To evaluate the 
possibility of using noise filtration were used snippets from real DMI signals. These 
snippets contain signals from inner flaws, rail joints and tie plates. 
As it was impossible to split the base signal and the noise signal, the part of input signal 
was used as desired signal (figure 4,a). 
Predictive filter is constructed on two-layer neural network with direct signal transmission, 
back error propagation, non-linear activation function in the hidden layer and linear 
activation function in the output layer. Further details on neural networks of this type can 
be found in [3]. 
Filter parameters adjustment performed during the training of the neural network. The 
neural network is trained to predict signal on one step forward. It was found, that training 
procedure requires from 8 to 50 cycles. Further increase the number of cycles does not 
improve the quality of training. Thus, in the first step filter is trained to predict the behavior 
of the noise signal. Figure (4,a) presents the desired signal and the output of the network, 
and figure 4b shows a training error to number of cycles response graph. 

 
Fig. 4.  The result of training the neural network noise prediction: 

a – input and the predicted signal; b – mean square error at each cycle of training. 

On the second step filter has to simulate the noise component of a signal containing both 
high frequency noise and signals from tie plates, and signals from flaws and splice bars 
(figure 5,a). The input signal X passed to the neural network. Dimensions of the input 
signal and training one were the same. Smoothing operation on predicted signal �̂ improves 
the performance of result filtering (figure 5,b). In the third step the �̂ signal subtracted from 
the original signal and the output signal Y is generated (figure 5,c). 
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Fig. 5. The results of the predictive filtering of waveform: 

Original waveform – a; predicted waveform – b; result of subtraction – c; waveforms matching – d; 

1 – signal from surface damage; 2,3 – flaw signal; 4 – signal from the beginning of the splice bar.  

Figure 5 shows the results of noise suppression. As can be seen, the use of predictive 
filtering allows for removing tie plates component, while keeping the amplitude and shape 
of signals from flaws.  Also significantly increases the amplitude ratio of signals from 
surface flaws to the level of noise component. Some distortions of amplitude can be noted 
on a splice bar signal. We suppose that the signal from the splice bar has an increased 
duration compared to the signal from a flaw or rail joint. Therefore, it is more expose to 
filtration, since the predictive filter is configured to remove a low frequency component. 

Conclusion 

Using predictive filtering for DMI signal processing showed that this technique allows 
suppressing the signals from the tie plates while keeping the amplitude and waveform of 
source signal. The predictive filter based on two-layer neural network with direct signal 
propagation. This type of network can successfully predict the behavior of the signals from 
tie plates. 
With predictive filtering, it becomes possible to detect signals from flaws with amplitude 
less than amplitude from tie plates. The advantage of predictive filter is that it automatically 
adjusts parameters for various tie plates patterns. Predictive filtering can be used along with 
image recognition in automated defect type determining and defect sizes evaluating 
systems. 
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