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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). 

 

 
 

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: 
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where  tnk  – additive k-th noise, which has a negative effect on the network, in particular, on 

the useful radio signal  ts . 

The experimental implementation of a radio signal, in particular, on the example of an 

amplitude-modulated signal with noise, is shown in Fig. 2. 

 

 
 

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  tξ  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  ts . 

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]: 
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where  tk  – stochastic radio signal component in electronic communication networks with 

noise; 

t
T

ik

e

2

 – 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  uBk . 

The synphase method of radio signal processing provides the process of calculating 

the correlation components taking into account the statistics of the parametric covariance 

 utb ,


 [5, 10]: 

 

    dtt
T

ikutb
T

uB
Т

k  









0

2
exp,ˆ1 

. (3) 

 

where 

 

   





1

0

00

.),(ˆ
N

k

kTtkTututb 
 (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  uBk  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  uBk


. 

Evaluation of the calculated correlation components  uBk


 in accordance with the form 

and values that will ensure the process of detecting a useful radio signal  ts ; 

Making a decision based on the form and indicators of the estimated correlation 

components regarding the presence/absence of useful radio signals  ts  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. 

 

 
 

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 0V2 is 

shown in Fig. 5. 

 

  

a b 

 

Figure 5. The result of synphase detection of a radio signal the power of noise of 0V2: 

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 0.6V2 and the correlation components of the 

radio signal were calculated, which are shown in Fig. 6. 

 

  

a b 

 

Figure 6. The result of synphase detection of a radio signal at the power of noise of 0,6V2: 

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. 

 

 
 

a b 

 

Figure 7. The result of synphase detection of a radio signal at the power of noise of 1,2V2: 

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 

 uB
k


), their averaged statistical evaluation by components was used, which was proposed in 

the work of Khvostivskyi Mykola [12] in according to the expression: 
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where  u  – displacement value; kN  – shift length; uN  – total number of components k;  

Realizations of the averaged correlation components  uBk


 of the radio signal calculated 

according to expression (5) at different noise power are shown in Fig. 8. 

 

 
 

Figure 8. Averaged network radio signal components with noise component with  

power level  0,9;1,20;0,3;0,6;  V2 
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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). 

 

 
 

Figure 9. The result of the work of the software for synphase radio signal detection 

(noise power level 1 V2) 

 

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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МАТЕМАТИЧНЕ, АЛГОРИТМІЧНЕ ТА ПРОГРАМНЕ 

ЗАБЕЗПЕЧЕННЯ СИНФАЗНОГО ВИЯВЛЕННЯ РАДІОСИГНАЛІВ 

В ЕЛЕКТРОННИХ КОМУНІКАЦІЙНИХ МЕРЕЖАХ ІЗ ЗАВАДАМИ 
 

Лілія Хвостівська; Микола Хвостівський; Василь Дунець; Ірина Дедів 
 

Тернопільський національний технічний університет імені Івана Пулюя, 

Тернопіль, Україна 
 

Резюме. Реалізовано математичне (модель радіосигналу у вигляді періодично корельованого 

випадкового процесу та синфазний метод його обробки) та алгоритмічне забезпечення синфазного 

виявлення стохастично-періодичних радіосигналів в електронних комунікаційних мережах із завадами 

шляхом обчислення нових показників виявлення у вигляді 3D кореляційних компонент, які забезпечують 

ефективне прийняття рішення щодо присутності/відсутності корисного радіосигналу у завадах різної 
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потужності. Математичне забезпечення обробки забезпечує поєднання у своїй структурі властивості 

періодичності (модуляційні процеси в процесі передавання радіосигналів в електронних комунікаційних 

мережах) та стохастичності (вплив різного роду завад) досліджуваних радіосигналів, що є їх 

конструктивною особливістю в реальних умовах. Для більш детального оцінювання обчислених показників 

виявлення радіосигналів у вигляді 3D кореляційних компонент використано їх усереднені статистичні 

оцінки. На основі алгоритмічного забезпечення в середовищі Matlab при використанні утиліти Guide 

реалізовано програмне забезпечення з графічним інтерфейсом користувача для автоматизованого 

синфазного виявлення радіосигналів в електронних комунікаційних мережах. Досліджено процес 

синфазного виявлення радіосигналів із завадами різної потужності та констатовано ефективність 

застосування нових показників виявлення (3D кореляційних компонент та їх усереднених оцінок), які чітко 

відображають як кількісно так і візуально локалізацію та рівень корисного радіосигналу замаскованого 

завадами. Встановлено, що запропоновані нові показники виявлення (кореляційні компоненти) 

стохастично-періодичних радіосигналів в електронних комунікаційних мережах із завадами на базі 

математичного забезпечення обробки з ядром математичної моделі у вигляді періодично корельованого 

випадкового процесу за своєю інформативністю є ефективнішими на відміну від показників стаціонарної 

моделі через кількісне відображення факту присутності/відсутності корисних радіосигналів 

спотворених завадами різної потужності. 

Ключові слова: радіосигнал, математичне забезпечення, періодично корельований випадковий 

процес, синфазний метод, алгоритмічне забезпечення, програмне забезпечення, виявлення, завади, 

електронна комунікаційна мережа, Matlab. 
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