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Introduction. This paper is devoted to the development of a method for estimating the current time-frequency
parameters of each of a set of simultaneously and independently operating generators in the radio electronic system. A
general case is considered, in which the deviation of true values of the nominal generator parameters from the assumed
values of these parameters is determined not only by random, but also by long-term frequency deviation. The work
objective is to generalize the method for estimating the time-frequency parameters of signals (long-term nominal
frequency and current frequency deviation from the nominal value) based on the simultaneous measurement of the
phases of signals generated in the system of independently functioning generators. The research task is to consider a
system of simultaneously and independently operating generators. Each of them generates harmonic signals, whose
time-frequency parameters, such as the average frequency, are constant during a certain interval of observation. But
herewith, these time-frequency parameters are known with insufficient accuracy due to the influence of external factors
(changes in temperature, pressure, supply voltage, etc.). It is required to obtain estimates of the time-frequency
parameters of signals (the duration of the measuring interval, values of the long-term frequency and the standard
deviation) from the results of measurements of the phases of signals formed by the generators at measuring intervals
belonging to the observation interval, within which the average frequency remains constant.

Materials and Methods. A system of simultaneously and independently functioning generators is considered. The long-
term value of signal frequency for each of the generators over the observation interval remains constant, but it is known
with some margin of error. During the observation interval, several measurements of the signal phase of each of the
generators are performed. At the same time, the current values of the signal frequency and the duration of the measuring
interval have random deviations from the long-term values, and follow the normal distribution law with zero
mathematical expectation and a known variance. The estimation of time-frequency parameters based on the results of
measuring the signal phases is carried out using a multidimensional likelihood function. The maximum is found on the
base of solving the redefined system of linear algebraic equations.

Results. A new mathematical model and a numerical-analytical method for determining the time-frequency parameters
of signals are developed. They take into account both the long-term constant frequency deviation and short-term
random deviations.

Discussion and Conclusions. The results obtained can be used under the development and creation of data-measuring
and information-telecommunication systems, including geographically distributed systems. The resulting estimates of
the time-frequency parameters enable to increase the signal frequency stability and, accordingly, to improve the
accuracy of measurements and the quality of information transfer.
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MeTtox ouneHMBaHMsA JIMTEIbHOCTH BPEMEHHOr0 MHTEpBala C  HCIOJb30BaHHEM
O/JHOBPeMEeHHbIX M3MepeHMii ¢a3bl B cHcCTeMe OJHOBPEMEHHO M He3aBHCHMO PadoTAIOIIMX
reHepaTopoB

. . raﬁpl/DJ'lblel, A. A. Kocroraoros’, O. A. Ca(l)ap])flﬂz, JI. B. lIep1cec01;a2, 0.B. I[BOpHnKOB3

! ®I'YIT «PocToBcKuii-Ha-JloHy HayqHO-HCCIIEIOBATETLCKUIT HHCTHTYT PaIocBs3my (. Poctos-Ha-J{oHy, Poccuiickas Menepaliis)
2®I'BOY BO «JIoHCKoii rocy1apcTBeHHbII TeXHUYECKHUiT yHIBEpCHTEeT» (I. PocToB-Ha-J{ony, Poccuiickas denepaiius)
*OAO «MuHCKHiT HaydHO-HCCIIeI0BATENLCKHIT IPHOGOPOCTPONTETLHBII HHCTHTYT (I. MuHCK, Pecniy6imka Benapyc)

Bsedenue. Crarps nocssineHa pa3paboTke METO/1a OLICHUBAHMS TEKYIIMX YaCTOTHO—BPEMEHHBIX MapaMeTpOB KasKA0Tro
U3 COBOKYITHOCTH OJJHOBPEMEHHO W HE3aBUCHMO (YHKIMOHUPYIOUIMX TI'CHEPAaTOPOB B COCTaBE PAaHO3IEKTPOHHON
cucreMbl. PaccMoTrpeH oOmmii cimydaif, Ipy KOTOPOM OTKJIOHEHHE MCTHHHBIX 3HAUEHHH HOMMHAIIBHBIX IapaMeTpoOB
TeHEpaToOpOB OT NPEAINOJIaraeMblX 3HAYCHUH yKa3aHHBIX MapaMeTpOB OMpEAENsIeTCS HE TOJBKO CIIydYaiHbIM, HO U
JIOJITOBPEMEHHBIM OTKJIOHEHHEM dacTOThl. Llenbio pabGoThl sBIseTcs 0OOOMIEHHE MeTOAa OLEHMBAaHMS YacTOTHO—
BPEMCHHBIX IMapaMETPOB CUTHAJIOB (HOHFOBpeMeHHOﬁ HOMMHAJIbHON YacTOTHI M TEKYHICTO OTKJIOHCHHUA YaCTOTBHI OT
HOMHWHAJILHOTO 3HAYEHHS) HAa OCHOBE OJHOBPEMEHHOTO W3MepeHus (a3 CHrHaioB, (HOPMHPYEMBIX B CHCTEME
He3aBUCUMO (YHKIIMOHHMPYIOIIUX I'eHepaTopoB. [locTaHoOBKA 3a/1a4M — pacCMaTPHBAETCS CUCTEMA M3 OJJHOBPEMEHHO U
HE3aBUCUMO (YHKIIMOHUPYIOIINX TEHEPATOPOB, KAKIBIN U3 KOTOPHIX (OPMHUPYET TAPMOHHYECKHE CUTHAIBI, YACTOTHO—
BpPEMCHHBIE IapaMeTphl KOTOPBIX, TaKWe KaK CPEIHss YacToTa, SBISIOTCS B TEYEHHE HEKOTOPOro HHTEpBasa
HaOJIIOICHUsSI TTOCTOSIHHBIMH, HO HM3BECTHBIMU C HEHOCTATOYHONW TOYHOCTHEO HM3—3a BIHSHHS BHEIIHHX (AaKTOPOB
(M3MCHEHUE TeMIIepaTyphl, JIaBJICHHS, HAIPSDKCHUS MUTaHHA U T.O.). TpeOyeTcs MO pesyiabTataM H3MepeHui ¢a3s
CHTHAJIOB, POPMUPYEMBIX TE€HEpaTOpaMH Ha H3MEPHUTEIBHBIX HHTEPBaIaX, MPUHAIICKAIIUX HHTECPBAIY HAOMIOCHHS, B
npenenax KOTOPBIX 3HAYCHWs CPEIHEH YaCTOThI OCTAIOTCS MOCTOSHHBIMH, TMOJYYUTh OLECHKH 4aCTOTHO—BPEMEHHBIX
nmapaMeTpoB CHUIHAJIOB — [JIMTCIIBHOCTU HU3MCPUTCIBHOIO MWHTEPBAa, 3HAYCHUI HOHFOBpeMeHHOfI HaCTOThI U
CPEAHEKBAIPATHYECKOTO OTKIOHEHUS YaCTOTHI.

Mamemamuueckas modenv u Mmemoovl peuienus. PaccMaTpuBaeTcst CHCTEMa OJHOBPEMEHHO M HE3aBHCHUMO
(GYHKIMOHUPYIOIMX TeHepaTopoB. J[oJaroBpeMeHHOe 3Hau€HHE YacTOThl CHUTHaja Uil KaKAOTO M3 I'€HepaTopoB Ha
HUHTEpBAJIC Ha6HIOZ[eHI/I$[ OCTAaCTCA IMOCTOAHHBIM, HO U3BCCTHBIM C HeKOTOpOf/'I TMOTPEIIHOCTHIO. B Teuenue HWHTEpBaJia
HaOJIOJICHUs] TTPOBOAMTCS HECKOJIBKO W3MEpeHHuil (ha3bl CHTHAjOB Ka)XI0ro W3 reHepatopoB. [Ipum stom Tekymime
3HAYCHUS YacCTOTHl CHTHala W JUIMTEIBFHOCTH HM3MEPHUTEIBHOTO HHTEpBala HMMCIOT CIIy4ailHble OTKJIOHCHHS OT
JOJITOBPEMEHHBIX 3HAYCHUI M TONYUHSAIOTCS HOPMAIBHOMY 3aKOHY PAaCIPEICNICHUS C HYJICBBIM MAaTeMaTHYECKUM
OXXHMIaHHEM U W3BECTHOW BEIIMYMHON TUCIICPCHHL.

OLeHMBAaHUE YaCTOTHO-BPEMEHHBIX IapaMeTPOB MO pe3ylbTaTaM HW3MEpeHHs (a3 CUTHAJIOB IPOBOIUTCS C
UCIIONB30BaHHEM MHOTOMEpPHOH ()YHKIMH NpaBronofoOus. B kadecTBe OLEHOK CIy4ailHOIO OTKJIOHEHHS YacTOTHI
CHUTHAJIOB H ILHHTCHLHOCTGIZ HUHTEPBAJIOB HU3MCPCHUA, BI)I6I/IpaIOTCH 3HA4YCHUA, NOCTABJIAIOUNINE MAaKCUMYyM (byHKLII/II/I
npaszpononoous. HaxoxaeHne MakcuMyMma MpOBOJMTCS. HA OCHOBE PEIISHHUs TIEPEOIPEeIeICHHON CUCTEMbI JIMHEHHBIX
anreOpandeckux ypaBHEHHI.

Pesynomamur  uccnedosanusa. Pa3paboTaHa HoOBas MaTeMaTH4ecKas MOJENIb U YUCICHHO—AHAIUTHUYECKUH MeTo[
OIpeAC/ICHUA YaCTOTHO—BPCMCHHBIX MapaMETpPOB CUTHAJIOB, YYHUTBIBAIOIIUME KaK JOJITOBPEMEHHOC MOCTOSIHHOC
OTKJIOHEHHUE YaCTOTBI, TaK ¥ KPAaTKOBPEMEHHBIE OTKIOHEHHUE, HOCSILHE CITyYaiHbIH XapaKkTep.

Obcyorcoenue u 3axniouenus. IlomydeHHbIE pe3yIbTaTl MOTYT OBITH HCIIOJIB30BAaHBI TPH pa3pabOTKe M CO3TaHUHU
UH)OPMALMOHHO—HM3MEPHUTENBHEIX M MH()OPMALMOHHO-TEICKOMMYHHKAIIMOHHEIX ~ CHCTEM, B TOM  4YHCIe
TEPPUTOPHAIIBHO PACIPEACIICHHBIX CHCTEM. I[loiydaeMble OLEHKHM YaCTOTHO-BPEMEHHBIX IapaMeTpOB MO3BOJAIOT
HOBBICHTh CTa0WJIBHOCTh YAacTOTHI CHUTHAJIOB W COOTBETCTBEHHO IIOBBICUTH TOYHOCTH IPOBOAMMBIX H3MEPEHHH U
Ka4yecTBO Nepeayy HHPOPMAIHH.

Knwuesvle cnosa: TEeHCPATOPbl BBICOKOYACTOTHBIX KOHeGaHHﬁ, BBICOKOYAaCTOTHBIC pPaJAUOCHUTHAJIbI CTaTUCTHYECKHI
METOQ CTa6I/IHI/I3aHI/II/I 4aCTOThI, CTaOUILHOCTH YacCTOTbl, METOA HAMMCHBIINX KBAaJApPaTOB.

Jna yumupoeanusn: T'abpmdnbsn, /1. JI. MeTon olleHWBaHUS JJIMTEIHPHOCTH BPEMEHHOTO HHTEpPBaja ¢ HCIIOJIb30BaHHEM
OJHOBPEMEHHBIX M3MEPEHHUH (a3bl B CUCTEME OJHOBPEMEHHO W HE3aBHCHUMO paboTaromux reHeparopos // Advanced
Engineering Research. — 2021. — T. 21, Ne 1. — C. 105-110. https://doi.org/10.23947/2687-1653-2021-21-1-105-110

@unancuposanue: Pabora BbIIoIHEHa Y MaTepraibHON noanepxkke POOU, rpant Ne 19-01-00151/21.

Introduction. The constant growth of requirements for audio and video information transmission, for data
formation and transmission systems, necessitates an increase in stability of the time-frequency parameters of signals
generating in radio-electronic systems (RES) [1]. The information-telecommunication systems and data-measuring
ones are typical examples of such systems. One of the components in providing high efficiency of such systems is
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associated with the formation of signals with highly stable time-frequency parameters. The latter is relevant, in
particular, for the systems of information transmission with complex signals, radar and radio navigation systems,
and audio and video information transmission systems as well.

Currently, the main approach in the creation of RES is a modular construction principle, which determines the
use of functionally completed blocks and devices connected to each other. The application of this approach leads to
presence of a large number of high-frequency signal (HF signal) generators in any radio-electronic system. At the same
time, functional completeness of each of the devices included in the system enables to consider the HF-signal
generators of these devices as units operating simultaneously and independently on a certain time interval.

Despite the fact that signal generators in various devices have different parameters, the presence of a large
number of simultaneously and independently functioning generators in the RES provides determining the current values
of the time-frequency parameters of these signals through measuring and subsequent processing of the generated signals
phases' [2-6]. The latter makes it possible to estimate the current values of the time-frequency parameters with higher
accuracy. In turn, the obtained values of the time-frequency signal parameters are associated with the parameters of the
generators that are forming them. That allows either to stabilize the generators frequency, or to consider its current
value during the subsequent signal processing [2—6].

Well-known solutions to the problem of estimating the current time-frequency parameters take into account, as
a rule, only random components of the frequency deviation due to the influence of various factors. In this case, the
values of such parameter as the nominal (mean) frequency of the generator are considered known. At the same time, in
many cases, long-term frequency deviations associated with both the influence of external factors and the technology of
generator production are not analyzed in the papers under examination.

Thus, the solution to the problem of estimating the time-frequency parameters of signals, such as the nominal
(mean) frequency and random deviations from the average frequency of generators, is a challenge.

The paper objective is the generalization of the method of estimating the time-frequency signal parameters (the
long-term nominal frequency and the current frequency deviation from the nominal value) based on the simultaneous
measurement of the signal phases forming in the system of independently functioning generators.

As in the paper [3], let us consider the system of N +1 generators, each of which forms the harmonic signals,
whose time-frequency parameters, such as average frequency ,, are constant, but known with insufficient accuracy

due to the influence of external factors (changes in temperature, pressure, supply voltage, etc.) during a certain
observation interval.

It is required to obtain estimates of the time-frequency parameters of signals (the duration of the measuring
interval, frequency values and RMS (root-mean—square, or standard, deviation) of signals) from the results of
measurements of the phases of the signals formed by the generators at the measuring intervals belonging to the
observation interval, within which the average frequency values remain constant.

Mathematical model and solution method. For the system of N +1generators under consideration, let us
present the signals formed by each of the generators, as

s,()=4,cos(o,t+9¢,), n=1..,N+1. )
Using one of the generators (hereinafter the N +1 generator), we will form measuring intervals of nominal
duration ¢ (m=1,.,M), such that during all the specified intervals, the average frequency and RMS of the

frequency of each of the generators can be considered constant.

We represent the measured values of signals phase ® of each of N generators (n=1,...,N) on the m-th

n,m

measuring interval (m =1,..., M ) as follows:

D, =(o,+A0,, ) (" +Ar,), n=1,.,N, m=1..,M, )

n,m

where Aw,  — is random deviation of the n-th generator frequency on the m-th measuring interval from the

average value o ; #° and Af, are, respectively, nominal duration and deviation from the nominal value of the m-th

measuring interval duration.
For the mean value frequency, taking into account the modern production technology of HF—generators, we
can write
o, =0 +8n,, do, <o, n=1..,N+1, 3)

n 4

where the values ®'” are known, and 3w, , with account for the influence of external factors, are unknown.

Taking into account the expressions (3), the relation (2) takes the form

! Gabrielyan DD, Prygunov AG, KhutortsevV'V, et al. Generator frequency stabilization method. RF Patent no. 2219654, 2003. (In Russ.)

WupopmaTrika, BEIYUCIUTEIIbHAS TEXHUKA U YIIPABICHUE

—
S
AN



http://vestnik-donstu.ru

108

Advanced Engineering Research 2021. T. 21, M 1. C. 105—110. ISSN 2687—-1653

D, =(0"+80, +Aw,, )(tV +AL,), n=1,. N, m=1..,M. 4)

nm

After linearization (the terms dw, -Az, and Aw, , -At, , are discarded), the expression (4) enables to estimate

the random deviation of the frequency of the n-th generator on the m-th measurement interval as follows:

®U m - QL‘]ZI 60) t)(ﬂO) :0) ! Atm
AO\)”’M = . t(o) . n:l,...,N, m:l,...,M, (5)

m

where (D(O) —(,0(0 Z(O).

nm

The frequency deviations Aw,, (n=1,..,N,m=1,..,M ) and deviations of measurement interval duration

At, (m=1,..,M ) follow the normal distribution law [7]:

T (e BT,
P(A(Dn,,,,) = ZTEGLO) exp _2(020) _w(no) )2 > p(Al‘,,,)_ chw exp _2( 0 t(o)) > (6)

N+1

where o!” are known values of the relative instability of the frequgncy of the n-th generator (n =1,...,N ).

The given relations describe the mathematical model of the system of generators that function simultaneously
and independently.
Solution method. Taking into account the relations (5) and (6), we can write the multidimensional logarithmic
likelihood function:
M N (CD -0 — 3w -tV - - At )2

8co At ZZ ln\/ﬂ+lnc + o

2
el nel 2(6(0) -(,Of:]) 'l:no))

n

; (7

which includes the vectors dw and At, whose elements are unknown values, respectively, dw, (n=1,...,N)
and At, (m=1,..,.M).
The estimates 6w, and A¢, are found from the maximum condition (7) and correspond to the solution of the

system of linear algebraic equations (SLAE).

6L(6co, At)
———"J-0, n=1,.,N,
8, (®)
oL (30, At)
—=0, m= 1,...,M
OAt,
The equations in (8) have the form
(‘D —DO —§5m -1 — . As )-t“])
nm n,m n m 2” m " = , n= 1,...,N )
(o -0i-1")
(CD —0° —3w 1V - - At ) W "
nm nm n m = , m = 1,...,M

(o0}

In a matrix form, the SLAE (9) can be presented as:
A, A,\dw B,
’ ’ = ) (10)
A, A, LAt B,
where 4, is the block with dimensions N-M x N with elements a,.’ = (fo” @ )72 ; A4, is the block with

. . . - -
dimensions N-M xM with elements a!” =(c'”) (01" ;

nem,m n

A, is the block with dimensions N - M x N with elements a*" = (a“’z’ )T ;

2,1 nm,m nm

4,, is the block with dimensions N-M x M with elements a.") = (G:O) 2 )72 ;

2,2

@, —0

n,m n,m

B, is the block with dimensions N - M x1 with elements 5! = W
G, 'O -t

>
n n m

(0)

n,m n,m

B, is the block with dimensions N - M x1 with elements b = W ;
(0) | £(0) (0)
G, -t -t

n m m

T is the sign of the matrix transposition.
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The system of equations (9) contains N of the unknown components 6w, and M of the unknown
elements A¢, . The total number of measured values of signal phase is N -M . The estimation of their values, taking into

account the measurement errors, should be carried out by the least-square method (LSM) [8-10]. In this case, the
condition N-M > N+ M must be met, and the number of measurement intervals must satisfy the next condition: the
number of measurements M must fulfil the condition M > N/(N -1).

The representation of SLAE using the expressions (9) and (10) defines the numerical-analytical method for the
problem solving. All elements of the matrix have an analytical representation. At the same time, when passing to the
system of normal equations, as a rule, used in the LSM, obtaining the analytical expressions is also not difficult.
However, the inversion of large-dimensional matrix can be performed only using the numerical methods [11-13].

The estimates (8w, ) and (At, ) obtained from the solution to the system of equations, represented by the

expressions (9), allow us to determine current time-frequency parameters of the generators and signals forming by
them.

Research Results. We propose a mathematical model describing a simultaneous and independent functioning
of the generator system, and a numerical-analytical method for determining the time-frequency parameters of the
signals with account for both the long-term constant frequency deviation and the short-term deviation of random nature.
This approach enables:

— to evaluate, according to the results of measuring the phases of signals formed by simultaneously and
independently functioning generators, not only random deviations in the frequency of the generated signals, and to
obtain the estimates of the average long-term frequency of each of the generators;

— to exclude an instability influence of the time interval duration of measurements on the resulting
estimates of the signal time-frequency parameters [14-16].

Discussion and Conclusions. The results obtained can be used under the development and creation of data-
measuring and information-telecommunication systems, including the geographically distributed systems. The resulting
estimates of the time-frequency parameters provide increasing the signal frequency stability and, accordingly,
improving the accuracy of the measurements and the quality of information transmission.
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