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1. Introduction 

In railway signaling systems, some param-

eters required for monitoring and controlling 

train movements are transmitted using ampli-

tude shift keying (ASK) signals. This is due to 

the fact that the historical first electrical sig-

naling systems were implemented on the basis 

of electromechanical transducers, in which the 

realization of more complex types of modula-

tion encounters some limitations on the func-

tionality of electromechanical devices [1].  

Therefore the ASK signals are more often 

used in railway automated systems due to their 

simpler generation by contact transmitters, but 

such signals have a low level immunity.  

Electrified railways are spatially distribut-

ed powerful sources of electromagnetic inter-

ference in a wide range of frequencies that can 

cause disturbances in railway signalling sys-

tems [2-6]. One of the main sources of elec-

tromagnetic interference at electrified railways 

is the rolling stock and the traction system as a 

whole. Rolling stock is a non-linear power 

load that generates electrical disturbances in 

the traction network, covering a wide frequen-

cy range with significant variations in ampli-

tude, and these disturbances penetrate into 

railway signalling lines through conductive or 

inductive paths and can lead to maloperation 

of signalling systems. 

Information on the state of the tracks, sig-

nal lights, railway switches, etc. is transmitted 

to the control room, and the control commands 

are sent in the opposite direction to the track 

signalling devices. The safety of train traffic is 

directly dependent on the accuracy of the 

transmission of information and control sig-

nals [1].  

Ensuring of the timely detection of signal 

disturbances in transmission lines is possible 

by organizing the monitoring of electromag-

netic interference in them. 

Fast Fourier transform (FFT) is one of the 

most widely used methods for detecting and 

identifying frequency distortions of a signal. 

But distorted current is non-stationary and 

FFT-based methods are not suitable for its 

analyzing. 

For spectral analysis of non-stationary sig-

nals Dennis Gabor [7] proposed the Short-

Time Fourier Transform (STFT) that applies 

FFT to signal divided into segments of certain 

length (by sliding windows), where the signal 

could be admitted as stationary one.  

STFT is widely used for spectral analysis 

of traction current, but this method has some 

limitations, and one of them is associated with 

trade-off between the FFT window length and 

the frequency band width caused by the use of 

a fixed-length window. This restriction be-

comes important when the signal has transient 

components localized in time. Therefore, the 

STFT is more useful for analyzing quasi-

stationary signals. 

In recent decades, wavelet theory has be-

come a powerful signal processing tool, wide-

ly used for non-stationary signal analysis in 

many practical applications [8, 12]. Wavelet 

transform (WT) allows simultaneously analyze 

signal features in both time and frequency do-

mains, but in contrary to STFT, the wavelet 

analysis uses a varied time window, the length 

of which depends on the frequency being ana-

lyzed. This property of WT makes it very ef-
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fective for revealing the features of continuous 

non-stationary signals [11,13,14]. 

The use of wavelet decomposition for de-

coding continuous automatic locomotive sig-

naling codes was first described in [11]. The 

possibilities of power quality analysis using 

WT have been explored in many papers 

[13, 14]. 

But automatic on-line detection and locali-

zation of disturbances with values exceeding 

certain allowable levels by direct using WT for 

analyzing code signals in transmission lines 

requires large computer resources. Wavelet 

decomposition of the signal showed high effi-

ciency for detecting and localizing features in 

continuous signals. 

2. The purpose of the work 

The purpose of the work is to investigate 

the efficiency of using the signal decomposi-

tion method by wavelet transform to reveal 

distortions for continuous ASK railway sig-

nals. 

This paper is organized as follows. Section 

2 gives brief overview on wavelet transform 

and multi-resolution analysis, section 3 de-

scribes results of signals simulation and their 

decomposition by WT, and section 4 con-

cludes the work. 

3. Wavelet Transform and Multi-

Resolution Analysis 

The wavelet theory was first put forward 

by Morla in 1984 [8]. Wavelets are mathemat-

ical functions that decompose data into differ-

ent frequency components, but unlike the short 

time Fourier transform (STFT), each compo-

nent is analyzed with a resolution matched to 

its scale. WT is suitable for analyzing physical 

situations where the signal contains disconti-

nuities and sharp spikes. The commonly used 

wavelet algorithms are continuous wavelet 

transform (CWT), discrete wavelet transform 

(DWT), and discrete wavelet packet transform 

(DWPT). 

Generally, the continuous wavelet trans-

form of a finite energy signal ( )f t , defined in 

 2L R  space, can be written as  

  ,, ( ), ( )a bCWT f a b f t t     

1

2 ( )
t b

a f t dt
a






 
  

 
  

where b  and a  are the so-called translation 

(or time location) factor and the scaling (or 

dilation) factor, respectively, 
1
2a


 is used for 

energy normalization across the different 

scales, ( )ab t  is a function obtained by dila-

tions and translations of a so-called ''mother 

wavelet'' ( )t . The CWT is characterized as 

redundant transform over representation of a 

signal in a form of a two-dimensional array.  

In DWT the mother wavelet dilate and 

translate discretely by selecting 0
ma a , and 

0 0
mb nb a , where 0a  and 0b  are fixed values 

with 0 1a   , 0 0b  , ,m n Z , and Z  is the 

set of positive integers. Then the corresponding 

discrete wavelet transform is given by 
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DWT provides a decomposition of a signal 

into sub bands with a bandwidth that increases 

linearly with frequency. In the case of dyadic 

transform ( 0 2a  , and 0 1b  ), each spectral 

band is approximately one octave wide. In this 

form, DWT can be viewed as a special kind of 

spectral analyzer.  

The algorithm of multi-resolution signal 

decomposition introduced by Mallat [10] con-

sists of a series decompositions of the signal 

(with length 2n ) into two components: detail 

coefficients jD , which capture the high fre-

quency low-scale information in the original 

signal and approximation coefficients jA , 

which capture the low frequency high-scale in-
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formation, both components with a reduced size 

of 2n j , where j  is the decomposition level. 

Then the detail coefficients jD  remain un-

changed while the approximation coefficients 

jA  are decomposed into new the detail and ap-

proximation coefficients. This process repeats 

until the decomposition level reaches. DWT 

can decompose the signal into different scales 

by utilizing the orthogonal wavelet basis as 

( ) ( ) ( )m

k

f t A k t k     

 22 2 , 1,2... ,
i

j
j

k j

D t k j m
      

where, ( )t  is the scaling function, mA  repre-

sents the last scale approximate coefficient. 

The frequency range of each sub-band can 

be presented as 

1
max max

max

: 2 , 2

: 0, 2

j j
j

j
j

D f f

A f

  



    


 
  

,  

where, maxf  represents the frequency of the 

highest component. 

The wavelet packet transform (WPT) can 

be viewed as a generalization of the classical 

wavelet transform, which provides a multi-

resolution and time–frequency analysis for 

non-stationary signal. A low and high pass fil-

ter is repeatedly applied to the function, fol-

lowed by decimation by 2, to produce com-

plete sub-band tree decomposition to some de-

sired depth. Because WPT not only decom-

poses the approximations of the signal but also 

details, it holds the important information lo-

cated in higher frequency components than 

WT in certain applications. 

Thus, with the use of WPT, a better fre-

quency resolution can be obtained for the de-

composed signal. DWPT recursive decomposi-

tion can be expressed as: 

0,0
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i j i jk
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where ( )h k  and ( )g k  are high-pass and low-

pass filter respectively, and ,i jd  is the recon-

struction coefficients of wavelet packet de-

composition (WPD) at the i -th level for the 

j -th node. 

4. Simulation and analysis 

The short-duration variation disturbances 

with durations of several tens of the signal pe-

riods are considered in this work,. Such dis-

turbances can be generated by electrical 

equipment of the rolling stock, and they can 

cause failures in the railway signaling systems. 

The disturbances are described in detail in lit-

erature on power quality and include sags, 

swells, interference with signal carrier fre-

quency or/and another frequencies, sharp 

peaks [13-21], and etc. Simulated signals 

(Fig. 1) were generated using MatLab as a 

pure ASK signal with a carrier frequency of 

420 Hz and a modulation frequency of 8 Hz, 

as well as five variants of the original signal 

with disturbances in the form of a distorted 

signal shape, a signals with swells in pause, 

with sags (dips) at pulse durations, with 50 Hz 

interference, and with sharp pulses. The num-

bers, locations in time, amplitude values and 

durations of disturbances were randomly vary-

ing during generation of them. The average 

values of the disturbances were about to the 

signal amplitude. The signal segments of ten 

periods were decomposed using a five-level 

wavelet packet transform (WPT) with 18fk  

wavelet.  

Histograms of relative energy (REn) of in-

vestigated signals, taken in logarithmic units 

with inverse sign (as log2( )REn  are shown 

for the first 32 nodes in fig. 2.  
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Fig. 1. Simulated signals in a form of original ASK signal (a),  

the signal with distorted envelope (b), with swells (c), with sags (d), with 50 Hz  
interference (e), with sharp pulses (f). 

 
Fig. 2. Histograms of relative energy for the first 32 nodes of the original  

ASK signal (a), the signal with distorted envelope (b), with swells (c), with sags (d),  
with 50 Hz interference (e), with sharp pulses (f). 

The time dependences of the WPT coeffi-
cients for first four decomposition nodes 
(4.0)..(4.3) are presented in fig. 3.  

For all investigated signals, variations of 
the distortions or interference values lead, not 
only to changes in distribution of partial ener-
gies at the nodes, but also to the appearance of 
strong differences in the form of oscillations of 
the WPT coefficients (fig. 3).  

WT coefficients correspondent to carrier 
frequency 420 Hz, 8 Hz, and side frequencies 
420±8 Hz are contained in respective nodes 
for all investigated signals. 

The variations in WPT coefficients in low-
frequency nodes (4.0)..(4.3) reflect changes in 
the waveform due to pulse distortion, sags, 
swells, etc. 

Disturbances of the signal in the form of 
its distorted shape, swells, sags, and interfer-
ence 50 Hz lead to an increase of WT coeffi-
cients values at low-frequencies nodes by 
more than twenty times, from values of about 
5·10–3 to values greater than 1·10–2, and even 
to 1·10–1 for the signals with sharp pulses 
(fig. 3).  

The dips in WT coefficients of original 
signal in (4.2) node that corresponded pauses 
for ASK signal are smoothed out and therefore 
weakly pronounced for WT decompositions of 
the signals with swells. For signals with sags 
and 50 Hz interference the shapes and values 
of the WT coefficients in (4.1) node are 
strongly changed compared to original signal. 
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a)  

c)  

e)  

b)  

d)  

f)  

Fig. 3. WPT coefficients for original ASK signal (a), the signal with distorted envelope (b), with swells 

(c), with sags (d), with 50 Hz interference (e), with sharp pulses (f) 

The feature corresponded to the higher 

frequencies components of disturbances (such 

as interference or sharp pulses) lead to varia-

tions of WPT coefficients in higher nodes 

(they aren't shown in fig. 3). These results con-

firm the effectiveness of the use of the wavelet 
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decomposition method to reveal distortions in 

continuous ASK railway signals. 

Conclusion 

ASK signals are more often used in rail-

way automated systems due to their simpler 

generation by contact transmitters, but such 

signals have a low level of immunity and inter-

ference in them can lead to incorrect operation 

of railway signaling systems. The efficiency of 

using the signal decomposition method by 

wavelet transform to reveal distortions for con-

tinuous ASK railway signals have been inves-

tigated in the work. 

Simulated signals were generated as a pure 

ASK signals with a carrier frequency of 

420 Hz and a modulation frequency of 8 Hz, 

as well as five variants of the original signal 

with disturbances in the form of signals with 

distorted signal shape, signals with swells, sig-

nals with sags, signals with 50 Hz interfer-

ences, and signals with sharp pulses . 

The signal segments of ten periods were 

decomposed using a five-level wavelet packet 

transform (WPT) with 18fk  wavelet. 

For all investigated signals, the distortions 

or interferences in them lead, not only to 

changes in distribution of partial energies at 

the nodes, but also to the appearance of strong 

differences in the form of oscillations of the 

WPT coefficients. 

The variations in WPT coefficients in low-

frequency nodes reflect changes in the wave-

form due to pulse distortion, sags, swells, etc. 

The obtained results confirm the efficiency 

of using the wavelet decomposition method in 

order to detect distortions in the ASK continu-

ous railway signals. 
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