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Abstract. In the process of detecting and recognizing a digital 
radio signal, a topical issue is increasing noise immunity. The 
features of the use of low frequency filters with quadratic and 
linear response dependence on the input signal are 
investigated in the article. It is shown that the principle of 
operation of filters is that the summation process is performed. 
In this case, the useful signal is summed up coherently and the 
interference signal is incoherent, ie, the useful signal 
increases and the interference signal decreases. The filtration 
process is simulated at different correlation coefficients. This 
confirmed the possibility of isolating the signal of the means of 
silent receiving of information by the method of determining 
the two-dimensional density of the likelihood of interference 
signal against the background of the common signal. It is 
proved that the use in the process of signal processing of 
narrow-banded filters of low frequency allows to increase the 
noise immunity of the system of detection and recognition of 
digital radio air signals by 23 %. 
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variance. 

I. INTRODUCTION AND PROBLEM STATEMENT 

A considerable number of publications are devoted to the 
issue of noise immunity.  The technical methods of improving 
radio efficiency related to noise immunity are considered. 
However, noise immunity issues are not addressed when 
probable digital signals are detected. The issue of digital signal 
recognition is not resolved. From the analysis of modern 
literature, we can conclude that the problems of noise 
immunity, which have their own peculiarities in the process of 
detecting and recognizing digital signal of digital radio 
broadcasting, are practically not considered.  

II. PROBLEM SOLUTION AND RESULTS  

Almost all methods of noise immunity receive signals 
based on the principle of signal averaging and interference. 
This principle is that the summation process is performed. 
Moreover, the useful signal is summed up coherently, and the 
noise signal is incoherent. For the purpose of averaging the 
useful signal and interference, linear systems of two types are 
used: narrow band filters and low frequency filters. It is 
possible to optimize low pass filters or narrow band filters. 

To consider the issue of interference filtering, let us assume 
that the narrowband filter itself does not distort the signal that 

has passed through it.  An ideal bandpass filter is a filter with 
an amplitude-frequency response of the type: 

0 0

0 0

1
2 2

( )
0 , ,

2 2

if

K
if U

,     (1) 

The frequency response of the expression for (1) is the 
impulse transition characteristic, which will be determined by 
the expression: 
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Given that the digital signal is not a clear pulse [8], it is 
possible to calculate the envelope voltage at the output of an 
ideal filter when exposed to a rectangular pulse of duration: 
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Using the envelope voltage theorem of the narrowband 
filter, we write the expression for the envelope voltage at the 
output of the filter: 
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Substituting expression (5) into expression (4), we get the 
expression: 
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In fig. 1 dependency graphs of the duration of the 
influencing rectangular pulse (blue color - pulse duration  
T = 1, red color - T = 10, green color - T = 15 and black color - 
T = 20) on the frequency range (filter bandwidth). 

The graphs show significant differences between the input 
rectangular pulse and the output signal. The distortion of the 
input impulse increases as its duration increases. This distortion 
of the pulse shape can be characterized by the duration of the 
envelope of the impulse of the filter output to the duration of 
the envelope of the output impulse. 
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Figure. 1. Graph of the envelope voltage when exposed to a 

rectangular pulse signal 
 
Research, methods and research techniques, collection and 

processing data, and for the mathematical and computer models 
- results of numerical simulations. 

III. CONCLUSIONS  

The peculiarities of the use of low-pass filters to increase 
the noise immunity of an automated system for detecting and 
recognizing digital airwaves are investigated. It is shown that 
the principle of operation of filters is that the summation 
process is performed.  In this case, the useful signal is summed 
up coherently, and the noise signal is incoherent. That is, when 
summing up, the useful signal increases and the interference 
signal decreases. 

Taking into account the peculiarities of the digital signal, 
the signal parameters are defined (mathematical expectation, 
correlation coefficient, variance, root mean square deviation) 
and the outputs of linear and quadratic filters at the influence 
on the input of a rectangular pulse that simulates the signal of 
modern digital means of silent receiving of information are 
determined. 

The graphs of the envelope voltage at the output of the 
perfect bandpass filter with the influence on the input of a 
rectangular pulse (digital signal) of different duration are 
obtained. 

The results of the simulation of the filtering process, with 
different correlation coefficients, confirmed the possibility of 
selection of the digital signal by the method of determining the 
two-dimensional probability density of the signal of 
interference on the background of the common signal. 

It is proved that the use in the process of signal processing 
of low bandwidth filters of low frequency allows to increase 
the noise immunity of the system of detection and recognition 
of digital radio airwaves signals by 23 %. 

A considerable number of publications are devoted to the 
issue of noise immunity. Thus, in [1], the technical methods of 
improving radio efficiency related to noise immunity are 
considered.  The methods of increase of noise protection and 
noise immunity are considered and the factors that shape them. 
It is shown that variants of coding of the source of information 
do not fundamentally affect the stability of radio stations 
during the action of these interferences. However, noise 
immunity issues are not addressed when probable digital 
signals are detected. In [2], the process of noise immunity of a 
typical detection path composed of sequentially included 
modules is considered: an ideal bandpass filter, a quadratic 
detector, and an ideal integrator. However, the issue of the 
effect of interference on a rectangular signal that is similar to a 
digital signal is not addressed. In article [3], using the methods 
of statistical radio engineering, the noise immunity of receiving 
signals with quadrature amplitude modulation in the presence 
of noise and harmonic interference is analyzed.  In article [4], 
based on distributed models, a method of bringing voice 

signals to a single amplitude and time window is proposed. The 
proposed methods can be used in signal recognition systems. In 
[5], an optimization model for the measurement of power in 
circuits was developed on the basis of studies conducted in 
MATLAB. In [6] investigated the effect of multiray 
propagation of radio waves on the transmission of audio 
content through channels with normal and lognormal 
interference distribution using GSM and WiMAX wireless 
technologies. In [7], a technique for the interaction of mobile 
technical objects in the process of data flow transfer under 
conditions of powerful electromagnetic field is proposed. The 
work [8] is devoted to increasing the noise immunity of 
information messages under the conditions of powerful 
electromagnetic interference by the use of complex signal-code 
structures. This increases the volume and speed of information 
transfer. In [9] the results of studies on increasing the signal-to-
noise ratio in mobile communication systems are highlighted. 
This direction is realized through the use of methods of 
dynamic change of transmitter power, organization of multiple 
access and dynamic distribution of communication channels. 
However, the issue of digital signal recognition is not resolved. 
From the analysis of modern literature, we can conclude that 
the problems of noise immunity, which have their own 
peculiarities in the process of detecting and recognizing digital 
signal of digital radio broadcasting, are practically not 
considered.   
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