
205 

 

Substantiation of Information Technology on Improving the 
Accuracy of the Signal Synchronization Received by the Radio 
Technical System 
 

Oleksandr Turovskya, Valerii Kozlovskyia, Yuliia Boikob and Vitaliy Klobukov a  

 
a  National Aviation University, Kyiv, Ukraine 
b  Taras Shevchenko National University of Kyiv, Kyiv, Ukraine 

  
Abstract  
The report considers the issues of selection and substantiation of information technology for 
the construction and application of the scheme of synchronization of the input signal by the 
phase-coherent communication system in the angular demodulation of the signal transmitted 
by the satellite communication system. The aim of the work is the choice of information 
technology and substantiation of its application in synchronization systems to increase the 
accuracy of signal synchronization by a phase-coherent communication system adopted by a 
satellite communication system at angular signal demodulation. The problem to be solved is to 
investigate the expediency of its application on the basis of the chosen information technology 
on the basis of assessing the possibility of closed and combined phase synchronization systems 
to increase the accuracy of signal synchronization received by satellite communication system 
at angular signal demodulation. The following results were obtained: the choice of information 
technologies was made and on its basis the analysis of synchronization systems of closed and 
combined type was carried out; their inconsistencies and advantages in increasing the accuracy 
of signal synchronization during carrier frequency tracking in angular signal demodulation are 
determined; the features of signal processing and minimization of phase error in the transient 
mode of operation of the synchronization system are determined. Conclusions: as an 
information technology for building synchronization systems in the article offers an invariant 
approach, which determines the possibility of the schemes presented in the article for building 
a synchronization system to increase the dynamics and order of astatism, reduce constants and 
transient errors; it is shown that taking into account the additive Gaussian noise and instability 
of generators, the desire to minimize the variance of the phase error in the class of closed 
synchronization systems causes a deterioration of the system dynamics and does not increase 
the order of astatism; the combined synchronization system with open communication is a 
synthesized invariant system, has the ability to increase the order of astatism, and is able to 
minimize the phase error in the angular demodulation of the signal; The selection of open 
communication parameters in combined synchronization systems can affect the transmission 
function and thus ensure the minimization of constant and transient errors of the system without 
affecting the dynamics of the system.  
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1. Introduction 

Improving the efficiency of communication systems largely depends on the quality of operation of 
systems and devices that are part of them, as well as on the processes and methods of transmission, 
reception and processing of useful signal, which are directly related to signal modulation - changing 
carrier parameters in depending on the level of the transmitted signal. 
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Satellite communication systems mainly use angular modulation, which is free from the 
disadvantages associated with the technical complexity of systems that use amplitude modulation. 
When angular modulation, the transmission of information is carried out by changing the phase and 
frequency of the carrier. However, a serious disadvantage of angular modulation should be considered 
that the transmission of a unit of information requires a wider range of frequencies than amplitude 
modulation. Angular modulation can be in the form of frequency or phase modulation. Regardless of 
the type of angular modulation, its implementation requires synchronization of the input signal, which 
is carried out by the corresponding synchronization systems. For example, in phase-coherent 
telecommunications and control systems, they are used to restore carrier and clock frequencies and for 
coherent demodulation of analog and digital signals with angular modulation [1]. 

The operation of synchronization systems is characterized by the influence of a number of 
disturbances and noise on their operation. Namely, additive fluctuation noise, perturbation of useful 
angular modulation (in the case of carrier frequency filtering), phase and frequency jumps and others. 
In some cases, it is necessary to ensure high accuracy of the system in steady and transient modes. Thus, 
in satellite communication systems, the main perturbations are additive Gaussian noise and Doppler 
frequency shifts. Therefore, synchronization systems operating in such conditions should be 
characterized by low phase error variance and high speed [2]. 

Noise immunity, accuracy and speed of synchronization systems affect the main performance of 
phase-coherent communication systems. In turn, these system parameters depend on information 
technology and the scheme of construction of this system. Thus, improving the accuracy of signal 
synchronization received by the satellite communication system requires the choice of information 
technology, and on its basis the selection and justification of the optimal signal synchronization scheme, 
which can provide low phase error variance and high speed is an urgent and timely scientific task. 

A number of works are devoted to the question of the choice of information technology of 
construction and substantiation of the scheme of synchronization of the input signal of phase-coherent 
communication systems.In scientific works, for example [3, 4, 5], studies are described, aimed mainly 
at optimizing the parameters of the filter and the system as a whole for the class of closed 
synchronization systems (ClSS). However, due to their inherent contradictions, the ClSS does not allow 
in some cases to ensure the required quality of work. This is especially noticeable when you want to 
improve the quality of the system on two or more conflicting indicators.  

Inaccuracies in the filtering of the carrier oscillation phase in the ClSS reduce the signal-to-noise 
ratio at the output of the coherent receiver. Therefore, when filtering the phase, it is necessary to ensure 
minimal error. The desire to increase the ability to filter the synchronization system in the class ClSS 
leads to the inevitable narrowing of the retention band, and the desire to increase the order of astatism 
impairs the dynamics of the system. 

Improving the dynamics can be done, for example, by recording the signal at the current time and 
reading at the next clock interval M times, as defined in [6]. However, the processing of information in 
such systems is not in real time, and in addition, the recording and reproducing devices introduce 
additional distortions. Certain researches in the direction of improvement of qualities of ClSS due to 
change of the scheme of realization in the direction of its combination and reduction by various methods 
of the minimum errors at a phase filtration stage were carried out and their results are stated in the 
following works. In [7], the peculiarities of the implementation of the carrier frequency recovery system 
with coherent demodulation of the signal with a continuous phase are shown. The question of practical 
realization of the system of phase autotuning of frequency on a modern element base is investigated. 
The article does not consider the synthesis of open communication in the scheme considered as the 
optimal scheme. Also, this article does not address the issue of increasing the order of astatism. 

Substantiation of prospects for research in the direction of synthesis of open communication is well 
presented in [8]. But the synthesis of open communication in the combined synchronization system was 
not considered. In the article [9] the possibility of constructing a clock synchronization system for signal 
receivers with minimal frequency manipulation based on an autocorrelation demodulator is considered. 
The operation of an autocorrelation demodulator with a complex signal envelope with minimal 
frequency manipulation has been studied. On the basis of machine modeling dependences of parameters 
of a clock signal on inaccuracies of execution of elements of the scheme are received. This article does 
not address the issue of synthesis of open communication in the given scheme of clock synchronization 
and there is no consideration of the issue of increasing the order of astatism. 

The author of [10] proposed a method of synchronization of the sequence of signals, which expands 
in conditions of significant excess of the noise level over the level of the information signal. For 
synchronization the service channel which works on one frequency with information is used. Channel 
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distribution is performed during the formation of signals of quadrature channels: in-phase channel is 
used to generate a phase-locked signal with spread spectrum, quadrature channel is used to transmit a 
clock signal. 

2. Statement of the research problem 

The choice of information technologies of optimization and substantiation of the rational scheme of 
synchronization which would provide to reduce a dispersion of constant and transient errors in the 
course of tracking of carrier frequency in the presence of noise in the communication channel at angular 
demodulation of a signal. the problem to which this work is devoted. 

3. Choice and substantiation of information technology 

As the main information technology, on the basis of which we will evaluate the possibilities of 
different synchronization schemes to minimize the variance of the phase error, we choose the concept 
of invariant system. And to the considered schemes we will apply the requirement, as to the selective 
invariant system which basic indicator of quality will be an opportunity on increase of the order of 
astatism. 

In the General case, the phase modulation of the signal contains four components [11]: 

    𝜑𝑖𝑛𝑝(𝑡) = 𝑑(𝑡) + 𝑀(𝑡) + ∆(t) + N(t)                                                  (1) 

Where:  
𝑑(𝑡) – Doppler shift at the input; 
𝑀(𝑡) – useful angular modulation; 
𝛥𝜓(𝑡) – generator instability. 
Depending on the application of the synchronization system, some components in the above 

expression are useful, others – obstacles. 
When using a synchronization system for angular demodulation, the value to be tracked will be 

𝑀(𝑡). And the values 𝛥𝜓(𝑡) and 𝑁(𝑡)  included in vortex 1 are an obstacle. 

In this case, for phase modulation (FM)    tmKtM m . And for frequency modulation (FM) 

    dttmKtM m . Where is the K m
 – modulation index, and 𝑚(𝑡) is the modulating function [11]. 

In what follows, we consider a modulating signal 𝑚(𝑡) of two types: with the “maximally flat 
(butterworth) shape of the spectrum” and asymptotic Gaussian processes. 

Their energy spectra can be described according to the following expressions [11]: 
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c
 – frequency corresponding to half the power. 

The following spectra are characteristic of a wide class of signals used in communication [11]: 

𝐺1(𝜔, 1) = 𝐺2(𝜔, 1) = 𝐺 (𝜔, 1) 

When 𝑛 = 1 they are the same. This spectrum is characteristic of a stationary telegraph signal, where 
the factors contain the parameters of the amplitude of the "rectangular wave" and the intensity of the 
sign change. The spectrum (2) is 𝑛 = ∞ uniform in the band c  [60]: 
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This spectrum has a modulating multi-channel process with channel amplitude-modulated signals 
with the transmission of one sideband signals (AM TSИ signals) [11]. If this process modulates the 
phase of the signal then 𝐺𝜙(𝜔) = 𝐾𝑚

2 𝐺1(𝜔, ∝), and if the frequency, the phase spectrum will be 𝐺𝜙(𝜔) =

𝐾𝑚
2 𝐺1(𝜔, ∝) 𝜔2⁄ . The spectrum of the form (3), on the other hand 𝑛 = ∞, approaches Gaussian. 

𝐺2(𝜔) =
2𝜋

𝜔𝑐

𝑒−(𝜔 𝜔𝑐⁄ )2
 

This spectrum has a phase of the signal modulated by a random process that has passed through a 
linear device with a bell-shaped frequency response [11]: 

    






  /exp/qG 2  

where is q the coefficient depending on the signal-to-noise ratio, ∏ is the integrated band of the 
linear device preceding the limiter in the synchronization system.  

Let us assume for simplification . That is, consider the case when the main 
interfering factor is additive Gaussian noise, and the effect of Doppler shift and generator instability is 
small. If necessary, their impact can be easily taken into account. 

Then the phase modulation spectrum will be determined only𝑚(𝑡)  and equal to: 

    GKG imM
2

                                                                      (4) 

In order to substantiate as an information technology the proposed invariant approach to the 
evaluation of synchronization systems, we turn to the evaluation of some schemes of its construction. 

4. Analysis of a closed synchronization system 

Let's evaluate the possibility of increasing the accuracy of signal synchronization by the criterion of 
minimizing the phase error when using closed synchronization systems (ClSS). 

Preliminary analysis of such schemes has shown that their application has advantages in simplicity 
of design [2, 3]. As an information technology for the construction of synchronization systems, we 
consider an invariant approach, in which we determine the possibility of a closed synchronization 
system to increase the order of astatism [14,15]. Usually ClSS includes several units that perform their 
tasks and have certain transfer functions. The following transfer functions include [12,13]: 

–  SW1  – the transfer function of the phase discriminator (PD); 

–  SW2  – filter (F); 

–  SW 3  – adjustable generator (AGn). 
These transfer functions are as follows: 
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When 𝐾1 = 𝐴1𝐾𝑃𝐷   ; K 3  – AGn gain;  𝑆 - Laplace operator. 

To assess the possibility of such a system to minimize the phase error, we consider ClSS 
synchronization with a proportional-integrating filter (PIF) in a closed loop with a transfer function of 
the form [12, 13]: 
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If the condition is met 1T/T 21  , then such a filter is close to an ideal integrator (IF) with a 
transfer function [12]: 
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The transfer function for the error of such ClSS will be [13, 14]: 

    0 ttd
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From the vortex. (8) it is seen that the achievement of invariance in the ClSS is impossible, because 

equality must be observed   003  SD . The schedule of the transfer function in the Taylor series 

showed that when used in CCC PIF it is inoperable, and to restore its efficiency it is necessary to 
increase the order of astatism [14].  

Replacing the UIF with an ideal integrating IF filter or two series-connected IFs can increase the 
order of asthma ClSS [14,15]. To switch from the link with the transfer function (6) to (7), the parameter 

T1  must be reduced and T 2  increased. Since both of these parameters are included in the characteristic 

equation of the ClSS   03 SF , their change will affect the quality of the transition process. 

Let's evaluate this influence. The characteristic equation of ClSS has two roots 𝑆1,2 =

(−𝑎1 ± √𝑎1
2 − 4𝑎0𝑎2) 2𝑎0⁄ , where the coefficient 𝑎0 depends on the parameter T 2 , and 𝑎1from T1 . 

Therefore 𝑎1, it decreases and 𝑎0 increases, which causes a decrease in the absolute value of the 
roots (or their real parts), the imaginary parts of the roots increase, the transition process becomes 
oscillating and weakly attenuating. In this case, as shown in [15], the choice of system parameters must 
be made under the condition of compromise adjustment. A similar situation arises in the ClSS of a 
higher order, the approach of the filter in a closed loop to the integrating second order also worsens the 
transition process, ie the transient error increases and the dynamics of the system decreases [15,23]. 

In addition, as follows from the relations and conclusions given in [14], for ClSS, by switching from 
UIF to IF it is possible to reduce the permanent error, but it is not possible to eliminate it completely, 
and at r = 2 in (1.4) the system remains inoperable. Thus, minimizing the phase error variance in the 
class of closed synchronization systems can be done by optimizing the parameters of the filter and the 
system as a whole, but this leads to a deterioration of the system dynamics. 

5. Combined synchronization system (CbSS) analysis. 

As a precondition for the analysis of Combined synchronization system (CbSS), it should be noted 
that the error transfer function and the phase error dispersion in the optimal system in the spectrum of 
the input signal of type (2) can be described by expressions [11]. 

𝑊О𝑃Т(𝑆) = 1 − [
𝜔2𝑛 + 𝜔𝑐
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when ,  ,     

For example, the  characteristic equation of the optimal Wiener system 

 has two complex roots . That is, the transient in 
the system will be oscillating with a weakly decaying amplitude. 

You can reduce the transition component of the error only by increasing the parameter В1 . 
However, this is impossible, as for the specified values of the signal and interference В1 = 𝑐𝑜𝑛𝑠𝑡 and 
it is impossible to change [11,15]. As a CbSS, consider a system that has one or two links of open 
communication. Preliminary analysis shows that, in general, CbSS is free from contradictions between 
established and transient errors. And by synthesizing an open connection in them, it is possible to 
achieve an additional reduction of the transient component of the error with the optimal steady-state 
error and vice versa [14,16]. It will be relevant to evaluate the possibility of CbSS on the influence of 
open-loop synthesis under the condition of minimizing the phase error variance and the identical task 
of optimizing the closed-loop parameters with a proportionally integrating open-circuit filter 
synthesized to ensure optimal phase error dispersion. The equation of CbSS dynamics can be given in 
the form [11,15]: 

𝜑(𝑆) = 𝜑𝑖𝑛𝑝(𝑆) − 𝜑𝑜𝑢𝑡 (𝑆),      𝜑𝑜𝑢𝑡(𝑆) = 𝑊3(𝑆) ∑(𝑆),   
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∑(𝑆) = 𝑊4(𝑆)𝜑𝑖𝑛𝑝(𝑆) + 𝑊1(𝑆)𝑊2(𝑆)𝜑(𝑆) 

If we exclude intermediate variables, we obtain the equation of CbSS dynamics with respect to the 
error: 

               SSWSWSSWSWSW  43321 11  ,                                    (9) 

hence the condition of absolute invariance [15]: 

    01 43  SWSW . 

Given that      SF/SDSW iii  , we rewrite equation (1) as follows: 
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From expression (10) it is seen that the denominator of the transfer function of the open channel 

 SF4
 is included in the characteristic equation CbSS (9) in the form of a coefficient 

                    SFSFSFSDSDSDSFSFSFSF
k 434321321   

when              SDSDSDSFSFSFSF 3213213   – characteristic polynomial CbSS. 
Therefore, open communication does not affect the stability of the system [16,17]. 
The presence of a difference in the right-hand side of the equation of dynamics of CbSS (9) allows 

due to the appropriate choice of polynomials    SFSD 44  to influence both the constant and the 

transient components of the error. From expression (2) it is seen that to achieve absolute invariance in 
the system, the transfer function of the open channel must have the following form: 

           SF/SDSD/SFSW/SW 443334 1                                   (11) 

It follows that the order of the polynomial  SD4  must be higher than the order of the polynomial 

 SF 4 , which is impossible from the conditions of physical realization [16,17]. Thus, the achievement 

of absolute invariance in continuous systems by means of units or computing devices of continuous 

type is impossible. However, the introduction of physically realized links  SW 4  into the open channel 

of the system allows to increase the order of astatism of the system and to synthesize 𝜀 – invariant 
systems [15, 16]. 

The variance of the phase error of KSS for the case under consideration can be expressed by the 

following quadratic polynomial: . By comparing  


22
OPTK

 and solving 

the obtained equation, we determine the value of the parameter K 4  of the additional connection, which 
provides a minimum variance of the phase error at the required quality of the transient process. That is, 
it seems appropriate to use the KSS with open communication in the synchronization schemes for 
angular demodulation of the signal transmitted by the satellite synchronization system. 

Direct synthesis of open communication in CbSS under the condition of increasing accuracy during 
angular demodulation is a separate scientific problem and needs further solution. 

It is advisable to separately investigate and take into account the effectiveness of the introduction of 
open communication in the presence of restrictions on the original coordinate and its derivatives and 
assess the sensitivity of the system to the deviation of the parameters of open and closed channels. 

Issues of improving the quality of the phase synchronization system are constant important scientific 
tasks and in a number of studies are solved by creating appropriate optimal schemes for its construction 
in the direction of minimizing the variance of the phase error and at the same time ensuring high speed. 
It is obvious that these schemes solve the problem of minimizing the phase error through the 
development of scientifically sound optimal construction schemes that operate on the basis of developed 
mathematical models. These mathematical models must take into account both the parameters of the 
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components of the scheme of construction of the synchronization system and the factors of external 
perturbations, which is quite fully defined in [18, 19, 20]. 

The results of evaluation of the limitations formed by the influence of the random input signal on 
the process of minimizing the phase error during the monitoring of the carrier frequency of the 
combined synchronization system of the radio communication device presented [20] showed that: in 
the presence of restrictions on any coordinate of the input signal the introduction of an additional link 
of open communication in the implementation of CbSS is reduced and at some threshold values 
becomes "0" and the introduction of an additional link does not give the desired effect and becomes 
impractical. It should be noted that in general, when receiving the input signal by the synchronization 
system, the actual problem is to reduce the effect of noise interference in order to increase the signal-
to-noise ratio (SNR). This problem is also relevant for other technical systems operating under various 
influencing factors. One of the methods to reduce the impact of noise at the input of the synchronization 
system is quite illustratively presented in [19,20]. The scientific article [20] is devoted to orthogonal 
Lager filtering of noise processes, which are described by linear random processes. The proposed 
filtration method makes it possible to reduce the influence of noise interference, which is described by 
stationary linear random processes, during the operation of correlation systems. The idea of this method 
is to use orthogonal Lagerr filters as input links of the correlation system. This method can be used in 
further studies to increase the efficiency of the process of minimizing the variance of the phase error in 
the process of monitoring the carrier frequency. 

6. Directions of minimization of influence of a phase error in a transient mode 
of operation of the combined synchronization system  

It is known that in the list of factors of internal disturbances and interferences of 
telecommunication systems, which directly affect the dynamics of the whole system, there are 
transients. They are caused by the reaction of the system to the transition from one steady-state 
to another steady state. For the phase synchronization system, they can be caused by cases 
when the input signal is received by the circuit for the first time, when the connection is 
interrupted, due to Doppler frequency shift, etc. [18,17,19].  

Thus, the development and creation of a phase synchronization system of the input signal 
in the direction of increasing its dynamics, as a prerequisite for increasing the bandwidth of the 
satellite telecommunications system require taking into account the impact of the transition 
process on its speed. systems. In previous studies on improving the operation of the 
synchronization system, it was shown that the optimization of the synchronization system to a 
minimum of the phase error variance leads to a deterioration of its dynamics [18,19]. 

It is established that transients can be influenced in two ways [20,21.22]: 
- reducing the transient time with a single-phase jump of the input signal without taking into 

account the effects of noise; 
- minimization of the transient component of the error while limiting the variance of the 

main (base) error. 
In the case of a decrease in the transient time during a single-phase jump of the input signal 

without taking into account the effect of noise, the phase of the input signal will be defined as  
𝜑𝑖𝑛𝑝(𝑡)=d(t) [20,22]. Since the phase estimation must be accurate enough to be used in a 

synchronization system, the case with a high signal-to-noise ratio, when noise can be neglected, 
is of practical interest, and estimating the time of system synchronization in the absence of 
noise is important. most systems associated with synchronization [19,20]. In addition, this 
approach allows to development of a technique for the synthesis of open communication in 
relation to synchronization systems, taking into account nonlinearity.  

In the expression to determine the phase of the input signal: 

𝜑𝑖𝑛𝑝(𝑡) = 𝜑0 + ∑ (Ω𝑟𝑡𝑟+1)(𝑟 + 1)𝑁−1
𝑟=0 , 

we will consider r = 0 (phase jump) and r = 1 (frequency jump). In this case, we use the 
method of synthesis of open communication under the condition of suppression of slow-
decaying components described in [19,20,21] with respect to linear automatic control systems.  
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The transfer function of the phase discriminator, taken as an open link, is defined as 

    NS KW 11 .                                                        (12) 

Where 𝑁(𝜙) the nonlinear characteristic of the phase discriminator is normalized. The 
corresponding transfer functions of the system are obtained from the previously found 
expressions by including them instead  SW 1

 of their value from expression (12). 

The expression to display the phase error, in this case, is written as: 

       SSDSSF
вх


                                                   (13) 

The complete solution (2) can be given as forced  t
в

  and transient  t
п

  components.   

     tt
вп

t   . 

The forced error component  t
в

  in this case depends on the control effect  t
вх

  and is 

defined as the solution of the inhomogeneous differential equation (13). It characterizes the 
accuracy of the system in a steady state.  

The transient component of the error is the solution of a homogeneous differential equation. 

    0 SS
пF . 

This error occurs in transient modes and is determined by the roots of the characteristic 
equation.  

If the characteristic equation of the synchronization system 𝐹(𝑆) = 0 has simple (multiple) 
roots, then the transient component of the error can be represented as the sum of the exponents: 

𝜙𝑛(𝑡) = ∑ 𝐴𝑖
𝑚
𝑖=1 𝑒𝑆𝑖𝑡 ,                                                   (14) 

where S i  – і – root of the characteristic equation, Ai  – initial value і –   component of a transient 
error.  

From expression (14) it is seen that the magnitude of the transition error depends both on 
the roots of the characteristic equation that determine the intensity of the decline of the 
exponents, and on the initial values of the exponents that characterize their maximum 
amplitude. Thus, increasing the real parts of the roots, or decreasing the initial values of the 
component of the transient component of the error, can affect its value. However, in closed 
synchronization systems, such possibilities are limited, as the coefficients of the characteristic 
polynomial are selected from the condition of compromise tuning. To synthesize an open 
connection under the influence of transients, we write the expression for the phase error in the 
temporary form. To do this, to move from the expression for the phase error in the form (2) to 
the temporary form of the record (3), we use Cauchy's theorem on subtraction. 

Then we get [22, 23]: 

.                               (15) 

Where 
   e

St
SS 

, the subtraction of the function 𝑓(𝑥) at a special point 𝑎, which is the 
pole of the multiplicity 𝑚, and is determined by the expression [15, 16] 

                              (16) 

We present the transfer function of the synchronization system and the input effect in the 
form of fine-rational expressions [21, 24, 25]: 

𝑊𝜑(𝑆) =
∑ 𝑏𝑖𝑆𝑖𝑚

𝑖=𝑣

∑ 𝑎𝑖𝑆𝑖𝑚
𝑖=0

=
𝑏𝑚 ∏ (𝑆 − 𝑆𝑖)𝑆𝑣𝑚

𝑖=𝑣

𝑎𝑚 ∏ (𝑆 − 𝑆𝑖)𝑚
𝑖=1

=
𝐷𝜑(𝑆)

𝐹(𝑆)
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𝜑𝑖𝑛𝑝(𝑆) =
∑ 𝛽𝑖𝑆𝑖

ℎ
𝑖=0

∑ 𝛼𝑖𝑆𝑖
𝜇
𝑖=0

=
𝛽𝑚 ∏ (𝑆−𝑞`𝑖)𝑆𝑣ℎ

𝑖=1

𝛼𝑚 ∏ (𝑆−𝑞𝑖)
𝜇
𝑖=1

=
𝑀(𝑆)

𝑅(𝑆)
                                     (17) 

where 𝑆𝑖
/
,  𝑆𝑖 ,  𝑞𝑖

/
,  𝑞𝑖   - zeros and pluses of the transfer function and input influence, 

respectively. 
Then the initial value 𝑘 of the component of the transient component of the error in 

accordance with the expression (15 and (16) for simple roots of the equation 𝐹(𝑆) = 0, in 
general, can be written as follows: 

,                        (18) 

where 𝐹/(𝑆к) = 𝑑𝐹(𝑆) 𝑑𝑆⁄ , S K
S  .  

From this expression, it is seen that to make equal to zero the initial values 𝑘 of that 

component is possible only if the equality is fulfilled 𝑆к = 𝑆к
/
. 

6. Conclusions 

The paper presents the results of selection and substantiation of information technologies for the 
construction and application of the scheme of synchronization of the input signal by the phase-coherent 
communication system in the angular demodulation of the signal transmitted by the satellite 
communication system. As an information technology for the construction of synchronization systems, 
the article proposes an invariant approach, which determines the possibility of the schemes of 
construction of the synchronization system presented in the article to increase the order of astatism. 

The analysis of closed and combined synchronization systems carried out in the article, on the basis 
of the offered information technology, showed expediency of application of the specified approach at 
the decision of a problem on increase of accuracy of synchronization of carrier frequency of a signal at 
angular demodulation. Analysis of closed synchronization systems showed that when designing such a 
system with a minimum of phase error in the angular demodulation of the signal, such a system is 
characterized by a large transient error.  It is shown that taking into account the additive Gaussian noise 
and instability of generators, the desire to minimize the variance of the phase error in the class of closed 
synchronization systems causes a deterioration of the system dynamics and does not increase the order 
of astatism. The combined synchronization system with open communication is a synthesized invariant 
system, has the ability to increase the order of astatism, and is able to minimize the phase error in the 
angular demodulation of the signal. It is established that in the conditions of instantaneous phase or 
frequency change it is possible to improve the system dynamics and reduce the transient component of 
the phase error variance by selecting the parameters of the open link in the direction of suppressing 
their values of the corresponding roots of the transient characteristic equation. 

The selection of open communication parameters in combined synchronization systems can affect 
the transmission function and thus ensure the minimization of constant and transient errors of the system 
without affecting the dynamics of the system. The direction of further research initiated in this article 
may be the synthesis of open communication in combined synchronization systems in the presence of 
restrictions on input coordinates and the assessment of the sensitivity of such a system to the deviation 
of open channel parameters during input signal synchronization. 

7. References 

[1] Antoniou, Andreas. “Digital filters: analysis, design, and signal processing applications“. 
McGraw-Hill Education, 2018. 

[2] Ullah, Ikram, and Muhammad Ashraf. "Comparison of synchronization techniques under 
distorted grid conditions." IEEE Access 7. 2019. 101345-101354. 

[3] R. Lyons, “Understanding Digital Signal Processing”, Boston: Prentice Hall, 2010. 992 p. 
[4] Cai, Xinbo, Can Wang, and Ralph Kennel. "A fast and precise grid synchronization method based 

on fixed-gain filter." IEEE Transactions on Industrial Electronics 65.9. 2018. 7119-7128. 

 
   

   

   
   кк

/

кк

m

n,1 1

ккm

m h

1

кhm

SS
к

SRSF

SМSD

qSqS

qSSS

SsReA
к











 










 

 

ii i

ii

i i

/

ii

a

в



214 

 

[5] Terriche, Yacine, et al. “Adaptive CDSC-based open-loop synchronization technique for 
dynamic response enhancement of active power filters.” IEEE Access. 2019. 96743-96752. 

[6] Anoop, Vylala, and Plakkottu Radhakrishnan Bipin. “Medical image enhancement by a 
bilateral filter using optimization technique.” Journal of Medical Systems 43.8. 2019. 1-12. 

[7] Miao, L. “Research of Snr Estimation and Prediction Method Used in Cognitive Radio“. 
Procedia computer science Procedia computer science, 131. 2018. 1164-1169. 

[8] Gude, Srinivas, and Chia-Chi Chu. "Single-phase enhanced phase-locked loops based on 
multiple delayed signal cancellation filters for micro-grid applications." IEEE Transactions 
on Industry Applications 55.6. 2019. 7122-7133. 

[9] Lipka, Melanie, Erik Sippel, and Martin Vossiek. "An extended Kalman filter for direct, real-
time, phase-based high precision indoor localization." IEEE Access 7. 2019. 25288-25297. 

[10] Safa, Ahmed, et al. "A pseudo open loop synchronization technique for heavily distorted grid 
voltage." Electric Power Systems Research 158. 2018. 136-146. 

[11] Gautam, Samir, et al. "Development of frequency-fixed all-pass filter-based single-phase 
phase-locked loop." IEEE Journal of Emerging and Selected Topics in Power Electronics 
10.1. 2021. 506-517. 

[12] Hoon, Yap, et al. "Shunt active power filter: A review on phase synchronization control 
techniques." Electronics 8.7. 2019. 791. 

[13] Scheers B., Le Nir V. A Modified Direct-Sequence Spread Spectrum Modulation Scheme for 
Burst Transmissions. Military Communications and Information Systems Conference 
(MCC’2010). Wroclaw, Poland, September 27–28, 2010, 366–3673. 

[14] Turovsky O., Kozlovskyi V., Balaniuk Y., Boiko Y. "Minimization of phase error dispersion 
in closed type phase synchronization systems in carrier frequency tracking mode. " CEUR 
Workshop Proceedings. Vol. 2845, 2021. 382 – 390.  

[15] Feng, Daquan, et al. "Kalman-filter-based integration of IMU and UWB for high-accuracy 
indoor positioning and navigation." IEEE Internet of Things Journal 7.4. 2020. 3133-3146. 

[16] Turovsky O., Khlaponin Y., Mohamed M. H. at al. "Combined system of phase 
synchronization with increased order of astatism in frequency monitoring mode. "  CEUR 
Workshop Proceedings.  Vol-2616, Session. 1, 2020. 53–62.  

[17] Scheers B., Le Nir V. A Modified Direct-Sequence Spread Spectrum Modulation Scheme for 
Burst Transmissions . Military Communications and Information Systems Conference 
(MCC’2010). Wroclaw, Poland, September 27–28, 2010. pp.366–373. 

[18] Oleksandr Turovsky, Valerii Kozlovskyi, Balanyuk Yuriy, Boiko Yuliia, Lishchynovska 
Nataliia. “Consideration of limitations, which are formed by the input signal, on the phase 
error minimization process during carrier frequency tracking system of synchronization of 
radio technical device of communication”. International Journal of Advanced Trends in 
Computer Science and Engineering, Vol. 9. No 5,  2020. 8922 – 8928.  

[19] Tomasz Gancarczyk, et al. "Direct Spread Spectrum Technology for Data Hiding in Audio." 
Sensors 22.9. 2022. 3115.  

[20] Scherbak, L. et al. “Applying an adaptive method of the orthogonal laguerre filtration of noise 
interference to increase the signal/noise ratio.” Eastern-European Journal of Enterprise 
Technologiesthis link is disabled, 2(9-104), 2020. 14–21. 

[21] Korzh, R., et al. “Low-Frequency Schemes of Substitution of Segments Inhomogeneous 
Transmission Lines”. 2019 3rd International Conference on Advanced Information and 
Communications Technologies, AICT 2019 - Proceedings, 2019. 80–83. 

[22] Sklar, B. (2017). Digital Communications: Fundamentals and Applications. Second Edition. 
Boston: Prentice Hall, 1104. 

[23] Islam, Md Zahidul, et al. "Accurate Estimation of Phase Angle for Three-Phase Systems in 
Presence of Unbalances and Distortions." IEEE Transactions on Instrumentation and 
Measurement. 2021. 

[24] Terriche, Yacine, et al. "Multiple-complex coefficient-filter-based PLL for improving the 
performance of shunt active power filter under adverse grid conditions." 2018 IEEE Power & 
Energy Society General Meeting (PESGM). IEEE, 2018. 

[25] Bernas, M., et al. "Multispectral Control of Ecotoxicity of Waters Using Duckweed (Lemna 
Minor)." 2020 IEEE 5th International Symposium on Smart and Wireless Systems within the 
Conferences on Intelligent Data Acquisition and Advanced Computing Systems (IDAACS-
SWS). IEEE, 2020. 1-5. 

https://www.scopus.com/sourceid/21100218356
https://www.scopus.com/sourceid/21100218356

	1. Introduction
	2. Statement of the research problem
	3. Choice and substantiation of information technology
	4. Analysis of a closed synchronization system
	5. Combined synchronization system (CbSS) analysis.
	6. Directions of minimization of influence of a phase error in a transient mode of operation of the combined synchronization system
	6. Conclusions
	7. References

