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Abstract

The article is developed mathematical support of the component detection for useful stochastic-
periodic radiosignals in telecommunication networks which based on the principles of the
energy theory of stochastic signals applying the theory of periodically correlated random
processes and component processing. On the basis of mathematical support is implemented
algorithmic support for effective detection of useful stochastic-periodic radiosignals in
telecommunication networks with interferences by calculating correlation components as
quantitative indicators of detection.
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1. Introduction

The problem of the process of efficient detection of useful radiosignals in telecommunication
networks (computer networks, mobile networks, etc.) on the background of various types of
interferences is the basic problem of radiosignal processing in the telecommunications industry. When
solving the problems of processing radiosignals with interference, a number of works have a basic worth
Tikhonov V.l., Akimova P.S., Kotelnikova V.A., Lezina Yu.S., Rabiner L., Gutkina L.S., Vinera N.,
Ageeva D.V., Sosulina Y.G., Levina B.R., Gould B., Oppenheim A. and other notable scientists of the
technical direction.

In existence algorithms processing radiosignals with interferences in telecommunication networks
for identify useful components used methods of maximum likelihood [1,2], filtration [3] and correlation
[4], which are implemented on the basis of radiosignal models of the sum of white noise and useful
radiosignal, stationary random process. These models are simplified in terms of their design because
they take into account only stochasticity without taking into account periodicity (repeating), which is a
structural characteristic of real radiosignals. The characteristic of the periodicity of radiosignals is due
to the conditions of transmission of radiosignals in telecommunication networks.

Existing models and methods of detecting useful stochastic-periodic radiosignals in modern
telecommunication networks, implemented on their basis, are characterized by a low level of
authenticity of the results, when decisions are made regarding the fact of the absence or presence of
radiosignals in telecommunication networks, which is distorted by various interferences.
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Therefore, the development of new mathematical support, in particular the mathematical model of
radiosignals and the implementation of new effective mathematical methods and algorithms for
detecting useful radiosignals in telecommunication networks in the presence of interferences on its basis
is an actual problem.

2. Mathematical support

In the development of telecommunication networks (fig. 1), the transmission/reception channel is
the basic link where the source of radio signals and blocks are coordinated.
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Figure 1: General model of radiosignals in a telecommunications network

The mathematical image of radiosignal network model of a real telecommunication network is
directed for development of a mathematical apparatus of empirical radiosignals at the outputs/inputs of
this telecommunication network and certain communication mechanisms of this network with the
radiosignals of the network. For specify the indicators and characteristics of radiosignals in
telecommunication networks, it is necessary to analyze the behavior of the values of real radiosignals,
and on its basis to select the structure of the mathematical image of radiosignals.

Fig. 2 shows an amplitude-modulated radiosignal with the interferences in its structure.
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Figure 2: The amplitude-modulated radiosignal with background interferences

Amplitude-modulated radiosignals in the telecommunications network are characterized by
periodicity by the modulation method and stochasticity by the influence of interference of various
natural and artificial origins.

Therefore, the mathematical image of the model should provide a constructive combination of
periodicity and stochasticity. These needs are agreeing a mathematical image as a periodically
correlated random process (PCRP), which organizes the process of ensuring the specified combination
and has methods of processing radiosignals of the network for effective detection of the useful
component in these radiosignals in telecommunication networks with interferences.

Because of the fact that the value of the power of radiosignals is limited and characterized by a
certain ending within one modulation period of time, it is possible to confirm that the radiosignal

belongs to the class known from the energy theory of stochastic signals (ETSS) as class z' [5]. ETSS



indicates an adequate mathematical representation of the model of radiosignals by the PCRP

representation from the class z' in which, in the most general form, the stochasticity of radiosignal
values is combined with the indication of periodicity, which is interpreted as the periodicity of statistics.

The radiosignals represent as the PCRP belong to the class 7z and represented in expression [5]:
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where &, (t) - stochastic component of the radiosignal in the network, A - periodic component
A=27/T.

The selected representation of the mathematical image of the radiosignal by the PCRP model from
the ETSS theory provides the development of means of detecting useful components in
telecommunication networks with interferences based on in-phase or component processing by the
calculation of numerical indicators of statistics as the correlation components.

The statistics of the correlation components in the component processing of the radiosignal are
calculated according to the expression:

ék(u)=
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where £&(t) - centered implementation of the radiosignal relative to the average.
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3. Algorithmic support

Fig. 3 shows a general algorithm for researching the process of detecting useful radiosignals in
interferences transmitted through telecommunication networks.
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Figure 3: Generalized algorithm of empirical analysis of radiosignal detection process

The structure is based on procedures:

- Component processing of radiosignals in the network according to expression (2) for
calculating correlation components as indicators of detection of useful radiosignals in
telecommunication networks with interferences.

- The process of assessment components and making a decision based on their look, structure,
shape and values which regard to the presence/absence of useful radiosignals in the network on the
background of interferences.

The given procedures (fig. 3) and the structure (fig. 4) provide the procedures for the development
of the algorithmic consistency for the implementation of detecting useful radiosignals in
telecommunication networks with interferences on bases of ETSS and the mathematical representation
of such radiosignals as PCRP.
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Figure 3: Algorithmic progression of detection radiosignals in networks with interference

In fig. 3 sign operations: 1 — calculation of the average statistics of the radiosignal mé(t);
2 — modeling of a consistency of average radiosignal statistics [m,(t) m.(t) m.(t) ... m.(t)] by

their periodic arrangement; 3 — a procedure for centering a radiosignal relative to a set of consistency
average statistics £(t); 4 — the procedure for calculating radiosignal components B, (u); 5 — the

procedure for evaluating radiosignal components B, (u) as indicators of their detection in a network
with interferences V(k); 6 — procedure for making decisions about the presence of a useful radiosignal.

4. Results of detection of useful radiosignals

The result of calculating the correlation components of the radio signal of the network with the
existing interference component with the dispersion 0 mB? (without interference) is shown in fig. 4.

Radiosignal

Amlitude, V

i i i i i
2 25 3 35 4 4.5 5 \ W A V. G i "
Time » Sec o [ 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

(a) (b)

Figure 4: The result of detection of a network radiosignal with an interference component with a
dispersion 0 mV/? (abscissa axis — shift, ordinate axis — component number, applied axis power
(mV?)): a) radiosignal; b) components as a result of detection

On fig. 4, it can be seen that the components of the useful radio signal (fig. 4, a) are clearly localized
according to the correlation components as a detection indicator (fig. 4, b).

The result of calculating the radiosignal components of the network with an existing interference
component with a dispersion 1 MmB? is shown in fig.5.
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Figure 5: The result of detecting a network radio signal with an interference component with a
dispersion 1 mV? (abscissa axis — displacement, ordinate axis — component number, applied axis —
power (mV?)): a) radiosignal; b) components as a result of detection



Fig. 5, b shows that the components of the radiosignal are clearly localized, unlike radiosignal
implementation, where the signal is not noticeable (fig. 5, a) in the background of interference.
Correlation components quantitatively establish the fact of the presence or absence of radiosignals in
the background of various types of interferences.

As a criterion for a more adequate and more detailed assessment of indicators of radiosignal
components (fig. 4-5, a), used the procedure for calculating their averaging by radiosignal components
according to the expression (the idea of Khvostivskyy M.0O.):
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where u —time shift; N, — total number of shifts; N, — total number k-th component.
The result of the averaged components of the radiosignal of the network with interference and
with the level of dispersion 0-1 mB? is shown in fig. 6.
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Figure 6: Averaged components of the radio signal of the network with interference with a dispersion
level of 0 mV2 (a) and 1 mV? (b)

The averaged components (fig. 6) provide a more detailed comparison procedure when compared
with non-averaged components (fig. 4-5, a), which guarantees the effective detection of radiosignals in
telecommunication networks with interferences.

According to the results of processing radiosignals, in particular their averaged components of the
radiosignal with interference, it was established that the developed mathematical and algorithmic
support is provides the process of detecting and tracking the presence of useful radiosignals in
telecommunication networks with the given distortions. Such facts indicate the effectiveness of the
radiosignal detection procedure which based on the developed mathematical and algorithmic support.

5. References

[1] Yu.E. Korchagin, K.D. Titov. Detection of an Ultra-Wideband Quasi Radio Signal with Unknown
Duration Against the Background of White Noise. Radiophysics and Quantum Electronics volume 61,
pp.853-866 (2019). doi: 10.1007/s11141-019-09942-5.

[2] A.P. Trifonov, Yu.E. Korchagin, M.V.Trifonov. Detection of Radio Signals with Unknown
Duration, Amplitude, and Initial Phase. Radiophysics and Quantum Electronics, Volume 58, Issue 5,
pp.361-372. October 2015. doi: 10.1007/s11141-015-9610-5.

[3] O. Laptiev, I. Polovinkin, S. Vitalii, O. Stefurak, O. Barabash and O. Zelikovska, "The Method of
Improving the Signal Detection Quality by Accounting for Interference,” 2020 IEEE 2nd International
Conference on Advanced Trends in Information Theory (ATIT), 2020, pp. 172-175,
doi: 10.1109/ATIT50783.2020.9349259.

[4] G. Kolumban, T. Krébesz . Chaotic Communications with Autocorrelation Receiver: Modeling,
Theory and Performance Limits. Intelligent Computing Based on Chaos, 2009, SCI 184, pp. 121-143.
doi: 10.1007/978-3-540-95972-4_6

[5] Y.P. Drahan. Energy theory of linear models of stochastic signals. Lviv: Center for Strategic Studies
of Eco-Bio-Technical Systems. 1997. XV1+333 p.



