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Summary. Mathematical (radio signal model as a periodically correlated stochastic process
and synphase method of its processing) and algorithmic support for synphase detection of stochastic-periodic
radio signals in electronic communication networks with noise by calculating new detection indicators
in the form of correlation components, which ensure effective making a decision regarding the
presence or the absence of a useful radio signal in obstacles of different power. For a more detailed
assessment of the calculated indicators of radio signal detection in the form of correlation components,
were used averaged estimates. Software for synphase detection of radio signals in electronic
communication networks with a graphical user interface is implemented in the Matlab environment.
The process of synphase detection of radio signals in electronic communication networks with
noise was investigated and the effectiveness of the application of new detection indicators was
ascertained.
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Statement of the problem. Effective detection of useful radio signals in electronic
communication networks (computer networks, mobile communication networks, etc.) with
noise is the main problem of radio signal preprocessing in the field of designing electronic
communication networks. Fundamental works in this direction are the works of V. Tikhonov,
V. Kotelnikova and B. Levin and a number of other scientists.

Analysis of the well-known results of the research. Known algorithmic
and software processing of radio signals for detect the useful component (signal without
noise) in electronic communication networks with noise are implemented on the basis of
maximum likelihood methods [1, 2], filtering [3], correlation [4] and wavelet processing
[7]. The core of the existing methods are mathematical models of the type of random
stationary process and the sum of useful signals and noise. These models are idealized by
the constructive consideration in their structure of only the stochastic component without
taking into account the periodic component as a basic characteristic of real radio signals for
various types of modulation in electronic communication networks during data
reception/transmission.

The Objective of the work. The development of a new additional mathematical
(mathematical model of a stochastic-periodic radio signal and its processing method),
algorithmic and software for effective detection of useful stochastic-periodic radio signals
(making a decision about the fact of the absence or presence of a useful radio signal) in
modern electronic communication networks with noise is actuality problem.
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Mathematical support for detection of radio signals in electronic communication
networks. The electronic communication network is the most vulnerable link, which is exposed
to noises of various power (Fig. 1).
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Figure 1. View of the model of radio signals in an electronic communication network

The mathematical image of the model of radio signals (Fig. 1) as the core of
mathematical support for their detection is directed on describing real signals, taking into
account all the features of various types of noises on the electronic communication network
itself. The connection between the input and output signal has a mathematical representation
by an expression:

Et)=st)+n, () teR. (1)

where n, (t) — additive k-th noise, which has a negative effect on the network, in particular, on
the useful radio signal s(t).

The experimental implementation of a radio signal, in particular, on the example of an
amplitude-modulated signal with noise, is shown in Fig. 2.
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Figure 2. Amplitude-modulated radio signal with noise
Modulated radio signals in the process of their transmission/reception are characterized

by the property of combining a stochastic component (influence of noise) and a periodic
component (caused by radio signal modulation) [14].
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Therefore, when implementing the caused by radio signal modulation method of
processing radio signals cf(t) in electronic communication networks with noise, it is necessary
to adequately present their model as the core of mathematical support for detection, which is a
determining factor in the effectiveness of methods, algorithmic and software detection of useful
radio signals s(t).

These requirements are met by the image of a model as a periodically correlated
stochastic process (PCSR), which is equipped with a powerful arsenal for processing radio
signals for the purpose of their detection in electronic communication networks with noise.
This interpretation is presented in the work of Khvostivska Liliia and Koval Liliia [6].

Radio signals in electronic communication networks with noise are represented in the
form of PCVP through the expression [5, 6, 8, 9, 13]:

ikz—”t
T

=&t T, teR ()

kez

where & (t) — stochastic radio signal component in electronic communication networks with

noise;

.27
eIk T a periodic component of a radio signal in electronic communication networks with a
period indicator T .

The mathematical representation of the model of a radio signal in electronic
communication networks with noise through PCSP according to the energy theory of stochastic
signals enables the implementation of methods, algorithmic and software for the detection of
useful radio signals based on synphase processing as a method of calculating the effective

detection index in the form of correlation components B, (u).

The synphase method of radio signal processing provides the process of calculating
the correlation components taking into account the statistics of the parametric covariance
b(t,u) [5, 10]:

B, (u)= }6(t,u)exp(—ik Z_I_—”tjdt. 3

=

where
b, (t,u) = SE(t U+ KT)E( +KT) (4)

where T — the value of the period of the radio signal (calculated according to the methodology
given in the work [11]);

N — the number of repetitions (periods) of the radio signal;

u — time shift.

The synphase method according to expressions (3) and (4) ensures the calculation of
static detection indicators by correlation components B, (u) of a stochastic-periodic radio
signal as PCSP.

Algorithmic support of detection of radio signals in electronic communication
networks. Figure 3 shows the structural sequence of the process of detecting useful radio
signals in electronic communication networks with noises.
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Figure 3. Structural sequence of radio signal detection in electronic communication networks

Steps of the structural sequence of detection of useful radio signals:
Synphase processing of radio signals &(t) in electronic communication networks with

noises according to expressions (3—4), which ensures the calculation of the detection index in
the form of correlation components B, (u).
Evaluation of the calculated correlation components B, (u) in accordance with the form

and values that will ensure the process of detecting a useful radio signal s(t);

Making a decision based on the form and indicators of the estimated correlation
components regarding the presence/absence of useful radio signals s(t) in electronic
communication networks with noises.

Algorithmic provision of synphase radio signal processing as a method of their synphase
detection in electronic communication networks with noises is shown in Fig. 4.
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Figure 4. Algorithmic support of synphase radio signal processing as the core of
software for their synphase detection
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The developed algorithmic support created prerequisites for the implementation of
synphase processing software as the basis for synphase detection of radio signals in electronic
communication networks with noises.

Software and the result of detection of radio signals in electronic communication
networks. The software for synphase detection of radio signals is developed in the MATLAB
environment based on algorithmic support (Fig. 4).

The result of synphase detection of useful radio signals in electronic communication
networks with noises in the form of 3D correlation components the power of noise of 0V? is
shown in Fig. 5.
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Figure 5. The result of synphase detection of a radio signal the power of noise of 0V
a) radio signal implementation; b) detection rate (correlation components)

Figure 5 shows that the useful radio signal (Figure 5,a) is clearly localized on the 11th
component (Figure 5,b), which ensures its detection. This fact indicates the relevance of using
correlation components (Fig. 5, b) as detection indicators.

The noise power level was increased to 0.6\V? and the correlation components of the
radio signal were calculated, which are shown in Fig. 6.
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Figure 6. The result of synphase detection of a radio signal at the power of noise of 0,6V
a) radio signal implementation; b) detection rate (correlation components)

In this case, the useful radio signal is clearly localized on the implementation of the
correlation components (Fig. 6, b) as in the case without noise in Fig. 5, b.

The noise power level was increased to 1.2 V2, which exceeds the power of the useful
radio signal, and correlation components were calculated, which are shown in Fig. 7.b. The
result of localization of a useful radio signal on the implementation of correlation components
(Fig. 7.b) is identical to the results obtained above, which indicates the effectiveness of
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detecting a useful radio signal in electronic communication networks with noises without any
difficulties.
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Figure 7. The result of synphase detection of a radio signal at the power of noise of 1,2V
a) radio signal implementation; b) detection rate (correlation components)

Therefore, the correlation components (Fig. 5-7, b) as detection indicators ensure the
formation of logical and justified conclusions which regarding the presence/absence of a useful
radio signal (Fig. 5-7, a) in electronic communication networks.

To ensure a more detailed evaluation of detection indicators (correlation components
B,(u)), their averaged statistical evaluation by components was used, which was proposed in

the work of Khvostivskyi Mykola [12] in according to the expression:

N

Mk{ék(u)}zNikkz:ék(u), U=LN,, k=1N,. (5)

where u —displacement value; N, —shift length; N, — total number of components k;

Realizations of the averaged correlation components B, (u) of the radio signal calculated
according to expression (5) at different noise power are shown in Fig. 8.
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Figure 8. Averaged network radio signal components with noise component with
power level {0:0,3:0,6;0,9;1,2} V?
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The estimated averaged components of the radio signal (Fig. 8) provide a more detailed
comparison of detection results in contrast to the unaveraged correlation components (Figs. 5-7)
and provide effective detection of radio signals in electronic communication networks with noises.

Using the GUIDE utility of the MATLAB environment, software with a graphical
interface was developed for automated detection of useful radio signals in electronic
communication networks with noises (Fig. 9).
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Figure 9. The result of the work of the software for synphase radio signal detection
(noise power level 1 V?)

The implemented software provides a procedure for automating the synphase detection
of a useful radio signal in electronic communication networks with noises of different power.

Conclusions. The results of processing stochastic-periodic radio signals as periodically
correlated stochastic processes in electronic communication networks with noises as averaged
correlation components indicate that the developed synphase method, algorithmic and software
organize the process of tracking and effective synphase detection of the presence/absence of
useful radio signal on the background of noises of different power.
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B EJEKTPOHHUX KOMYHIKAIIMHUX MEPEXKAX I3 3ABAJJAMHU
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Peztome. Peanizoeano mamemamuune (Mooeab padiocucnany y Gueiadi nepiooutdno KOpenbo8ano2o
BUNAOKOB020 Npoyecy ma CuH@asHutl Memoo 1020 00pobKu) ma ancopummiyne 3abe3neventHs CUHPA3ZHO2O0
BUSIBTIEHHS CMOXACMUYHO-NEPIOOUYHUX PAOIOCUCHANIB 8 eleKMPOHHUX KOMYHIKAYIUHUX Mepedcax i3 3asadamu
WAXOM 00YUCTIEHHA HOBUX NOKA3HUKIG 8UAGNeHHA Y 8uenaoi 3D xopenayiliinux KomMnoHenm, AKi 3a6e3neuyoms
eghexmugHe NPUUHAMMA PIUEeHH Wo00 NPUCYMHOCMI/BIOCYMHOCMI KOPUCHO20 PAdioCUSHATLY Y 3A6A0aX Pi3HOT
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nomyarcnocmi. Mamemamuune 3a6e3nevents 0opoOKu 3a6e3neyye NOEOHAHHS Y CE0IU CIMPYKMYpPI 61ACMUBOCMI
nepioouynocmi (MOOYIAYIUHI npoyecu 8 npoyeci nepedasants padioCUSHANIE 6 eeKMPOHHUX KOMYHIKAYIUHUX
Mepedicax) ma CmMoXacmuyHocmi (8naug pisHo2o poody 3a8ad) OO0CHIONHCYBAHUX pAdiOCUSHANIE, WO € IX
KOHCMPYKMUBHOI 0COOIUBICIIO 8 peanbHuX ymogax. /[na 6invus 0emanbHo20 OYiHIO8AHHS 00UUCIEHUX NOKAZHUKIB
susAsieHHA padiocueHanie y euenadi 3D Kopenayilinux KOMNOHeHm BUKOPUCMAHO iX ycepeOHeHi CIamucmuyHi
oyinku. Ha ocnosi ancopummiynozo 3abesneuenns 8 cepedosuwi Matlab npu euxopucmanni ymunimu Guide
peanizoeano npocpamue 3abesneuenHa 3 cpaghiunum inmepgeticom Kopucmysaua O dA8MOMAMU308AHO0
CcuHpasHo2o BuABNEHHA pAOIOCUCHANIE 6 eleKMPOHHUX KOMYHIKayitiHux mepedxcax. Jocrioxceno npoyec
CUHpA3H020 BUABNIEHHST PAOIOCUSHANIB i3 3a6a0amu PI3HOI NOMYICHOCMI MA KOHCMAMOBAHO eheKmusHiCmo
3aCmMOCY8ants HOBUX NOKA3HUKIG @usigienHs (3D Kopenayitinux KoMnoHeHm ma ix ycepeOHeHux OYiHoK), sIKi 4imKo
81000padcaromp K KiIbKICHO MAK i 8i3yAIbHO JOKALI3AYII0 Ma PIGeHb KOPUCHO20 PAOIOCUSHATLY 3AMACKOBAHO20
3asadamu. Bcmawnoeneno, wo 3anpononosani HOBI NOKA3HUKU 6UAGNEHHA (KOpENAYitiHi  KOMNOHEHMU)
CMOXACMUYHO-NEPIOOUYHUX PAOIOCUCHANIE 8 eNeKMPOHHUX KOMYHIKAYIUHUX Mepedcax i3 3aeadamu Ha 6a3i
mMamemamuyHo2o 3abe3nedents 00poOKuU 3 A0POM MAMEMAMUYHOT MOOeNi Y 8Uis0i nNepioOUYHO KOPENbOBAHO20
BUNAOKOB020 NPOYECY 3d CEOEI0 THHOPMAMUBHICMIO € eheKMUBHIUUMU HA 8IOMIHY 8i0 NOKA3HUKIE CMAYIOHAPHOT
MoOeni uepe3 KiNbKiCHe 8i000padceHHs akmy npucymuocmi/giocymnocmi  KOPUCHUX —paodiocueHanie
CNOMBOPEHUX 3a8A0aAMU PI3HOI NOMYHCHOCHI.

Knrwuosi cnosa: padiocucnan, mamemamuute 3a0e3neyeHHs, NepioOUtHO KOperbo8aHUll 8UNAOKOBUL
npoyec, CUH@A3HULL MemooO, aiopummiue 3a0e3neueHHs, NpocpamHe 3aOe3NeyeHHs, 6UAGIEHHA, 3A8a0u,
eflekmpoHHa KomyHikayitina mepedsica, Matlab.
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