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Abstract

The development of new radiotechnical information-measuring systems (IMSs) of the ground control complex of flying
objects should be aimed at increasing their capabilities for accurate and reliable control of signals navigation parameters.
This is especially important in a time-limited communication session, as well as for ensuring the operational control of the
trajectories of ballistic objects during their flight along unequipped routes.

In recent years, wideband noise-like signals (WNLSs) are often used in radio systems — complex discrete signals,
modulated by a harmonious signal in frequency, phase and amplitude by a pseudo-random sequence code. The use of the
WNLSs is explained by a number of their properties: better noise immunity and concealment, greater accuracy in measuring
the speed and range of moving objects, the prospect of more efficient use of such signals in the allowed frequency ranges,
and the possibility of their multipath propagation.

IMSs with WNLSs have several advantages: increased noise immunity, secrecy, the ability to measure the motion
parameters of an aircraft object with one signal and transmit information, sufficient accuracy and high reliability of in-
formation transfer. In the future, this may lead to the construction of unified, mobile information-measuring systems, the
tactical and technical characteristics of which will meet modern requirements. However, the main reasons preventing the
wider implementation of complex pseudo-random signals in the practice of radio engineering IMSs are the difficulties as-
sociated with their optimal processing.

In this paper, the analysis of information-measuring systems with wideband noise-like signals was performed to de-
termine the degree of mutual influence of the channels, when filtering interrelated parameters of signal. It is established,
that the errors caused by the mutual influence of the channels are minimal if the parameter estimate coincides with its
true value, and there are no divergences on the filtered parameter. Thus, the filtering accuracy of each of the parameters
depends on the degree of their correlation, on the signal-to-noise ratio, and on the steepness of autocorrelation function
the input signal complex envelope.
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Introducti . . . e .
fitroduction of ballistic objects during their flight over unequipped

Terrestrial radio engineering complexes and sys-
tems, which are classified as information-measuring,
are used to ensure the measurement and prediction of
trajectories of flying objects (FOs), including space, as
well as the control of their movement.

The development of new radio information-meas-
uring systems terrestrial control complexes, of course,
should be aimed to increase their ability to accurately
and reliably monitor the navigational parameters of
signals. This issue is especially important in case of
the limited communication session time, as well as
the provision of operational control of the trajectories
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routes [1].

However, nowadays, none of the existing systems
assesses the reliability of the information received while
determining the parameters of motion, especially in
real time.

Formulation of the problem

Above mentioned purposes of the IMS function-
ing result in following major requirements:

* high accuracy of navigation measurements in
real time by different consumers;
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 resistance to natural and organized obstacles;

« global operation and access to the system at
any time;

» providing control of the flying objects solely by
stations of the subsystem of control;

 authorized use of the signal for high-precision
navigation measurements.

In this case, the parameters of the measuring sys-
tems in general largely determined by the parameters
of the signal used.

Information-measuring systems with WNLSs have
a number of advantages compared to others: higher noise
immunity, secrecy, the ability to measure one-dimen-
sional FO motion parameters and transmit information,
sufficient accuracy and high reliability of transmission
of information by one signal.

The results of the analysis and modeling of the
IPCs with wideband noise-like signals show that the
receiver filtering of interrelated signal parameters
must additionally include a cross-linking device. In
this case, the accuracy of the filtration of each pa-
rameter depends on the degree of its correlation with
the other.

Purposes and objectives of the study

Therefore, the purpose of the article is to analyze
the mutual influence of channels in the radio informa-
tion-measuring system.

Analysis of recent research and publications

The task to design an IMS intended to measure
distance and radial velocity, is solved for different rep-
resentation of the input process.

Thus, in [2] the synthesis method is based on the
filtration of Gaussian processes. In this case, the input
mixture of useful signal and interference appears in
the form:
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X(t) — signal parameters vector; A, =const —
amplitude of the video signal; R — an integer number
(for a continuous infinite signal R —>0); L= 251 —
the number of partial pulses with length 1, in the
M-sequence period (elements of a numerical sequence),
each element of the M-sequence is exclusive disjunction
of k previous elements; @, is equal to 1 or (—1) in
accordance with the law of alternation of the
M-sequence elements; rect [ — rectangular pulse of
unit height; 7}, = L, (i —1); T, ) — stochastic sequence
delay; n(t ) — white Gaussian noise with zero mean
and & — correlation function.

Equations that describe the algorithm of construc-
tion of measuring channels of the system are obtained:
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where Kq,q,, Kﬂ — the second central moments of
the multidimensional Gaussian distribution, which
approximates the aposteriori distribution of probabilities.
The coefficients are equal to the dispersion of filtering
parameter and determined by relations:
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where ‘ifo, (PO — the delay change rate and phase of
the received signal, respectively.

In [3] construction of the receiver of phase-ma-
nipulated (FM) WNLS is considered at the filtration
of the Markov processes. In this case, the filtration
equations are written as:

di(1) _ 4 (3) 4o 6F(ri(p,t) iR GF(ri(p,t);
dt ot 00
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where Aa(d) — coefficient of wear in differential

apriori equations for Ot(t ); Gi — dispersion of filtration;
«p — mutual moments of the second order; F ( : ) -
function of plausibility.

Finally, in [4] the multidimensional filtration of
Gaussian and Markov processes is considered. Here-
with multidimensional discriminators and smoothing
circles, built on the basis of vector filtration equations,
are introduced into consideration.

Under certain assumptions and limiting the num-
ber of filtered parameters as well as in the condition
that the system transmits information by inverse ma-
nipulation of information parcels all methods of syn-
thesizing follow-up filters result in the filtration scheme
represented in the Fig.

The main material

It should be noted that the synthesis results ob-
tained with different initial assumptions, which lead to
practically the same algorithm of information-measu-
ring system construction, are not accidental. They can
be explained by the fact that, firstly, as an observation
model, one use: an additive mixture of a useful sig-
nal with a white Gaussian noise. As a matter of fact,
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Fig. The scheme of channels interconnection in information-measuring system: J. — integrator; > — adder; X — multiplier; SPhD —
synchronous phase detector; ThD — threshold device; PhD — phase detector; LFF — low frequency filter; DG — driven generator;
RG - reference generator; PhR — phase rotator; SD — synchronous detector; CCG — controlled clock generator; BNS — broadband

noisy signal; RgC — register cells.

the function of plausibility in all the definite cases has
the same form. Secondly, the synthesis is carried out
(under certain assumptions on the a priori distribu-
tion) by one criterion of the maximum of function
of likelihood.

This scheme is a classical IMS scheme using
WNLS. There are three interconnected channels in it:
the distance measurement channel, speed measurement
channel and information channel.

Since both measuring channels are interconnected,
the receiver can generally be considered as a multi-
dimensional follow-up meter, the feature of which is
the zero-shift of the a discriminator in the presence
of discrepancy in the [3 parameter.

It is interesting to consider the mutual influence of
channels. Since the phase automatic frequency control
is actually monitoring the phase of the signal (by fre-
quency to the phase-to-phase), the time delay and the
phase @(f) of the received signal are considered as in-
terrelated parameters.

Let’s consider the case of small disagreements
with t(¢) and @(¢). The input signal FM WNLS Uinp(t)
is described by the expression:

=
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where S, — the known amplitude of the signal; N — the
number of elementary characters in the pseudorandom
sequence; T, (f) — signal delay, which is a normal
random process with mean value D(f)/c and correlation
function:

R, (tlatz): Z<A%Aqk>f(t1)f(t2)§ (6)

ik=1

¢ — speed of light; D(f) — function of the measured
range; Ag,, Ag, — normally distributed deviations
relative to the apriori known average values of
the Kepler parameters of the orbit of the object;
f(t)=0D(q,,1)/0(gyc) — elements of vector-

column;
t

@(t):f(w —mo)dt — a phase run signal, which is

fy

10
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a normal random process with a mean value 21D (7) /A,
and correlation function:

ch(tl’tz) = Z)Ainqdf'(tl)f'(tz ); 7

ik=1

A, — wavelength at the carrier frequency of oscillation;
/(%)= aD(qo,t)/ﬁ(quko) — elements of the column-
vector.

The matrix )_:equ of measurement errors T(7)
and @(7) will be determined by the following ex-
pression:

-1 -1T
Sequ ISD ;ISD 5 (8)
where K, — the matrix of steepness of discriminators;
X — matrix of the average squares of the fluctuation

components at the outputs.
Elements of the matrix K, are:
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Here R, (T —f) is averaged over the interval
(Z‘O —t ) value of the normalized autocorrelation
function of the complex inbound input signal.

As it can be seen, the slope matrix is not a dia-
gonal, that is, the discrepancy with one filtered pa-
rameter causes the appearance of components in the
discriminator of another parameter.

The elements of the matrix 2 are determined from
the expressions:

Z(l))2 = ij]‘i ]-{Uinp (t)f]cos [a)ot + j}(t)]}z dt,
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The result is the matrix elements gequ:
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Conclusions

It should be noted that the matrix gequ is a
non-diagonal, which uniquely indicates the inter-
connection of the parameter coding in the signal.

The matrix elements depend on the “signal /
noise” ratio and the steepness of the auto-correla-
tion function of the integrated inbound input signal
in each of the measuring channels. Moreover, as
should be expected, the measurement error increa-
ses with a decrease of the “signal / noise” ratio.

The errors caused by the mutual influence of
the channels become minimal when partial errors
in the channels are absent, that is, the estimation
of the parameter coincides with the true value, and
there is no discrepancy in one of the filtered pa-
rameters.

It should be noted that the information mod-
ulation has a significant influence in the measure-
ment errors of the measuring channels, therefore
the requirements for the amount and speed of the
transmission of information [5] should be substan-
tiated.
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AHAJTI3 B3a€EMHOI0O BILUIMBY KAHAJIB y PaJiOTEeXHIYHIM
iHopMaNiifHO-BUMIPIOBAJIbHIN CHCTEMI

b6.0. Yymak, M.B. bapxygapsiH

Xapkiscbkuli HayjoHanbHuUl yHieepcumem [losimpsiHux Cun imeHi lsaHa Koxedyba, syn. Cymcbka, 77/79, 61023, Xapkis, YkpaiHa
nickbnv65@ukr.net
chumak_boris@ukr.net

AHoTamis

Po3poOka HoBUX pamioTexHiuHMX iH(opmalliliHo-BuMiptoBaibHUX cucteM (IBC) HaszeMHOro komruiekcy yrnpaBiaiHHS
JITATbHUMHU 00’€KTaMU Ma€ OyTH CIIpSMOBaHA Ha IMIABUINEHHS iXHIX MOXJIMBOCTEH OO TOYHOTO Ta JOCTOBIPHOTO KOHT-
poJIIo HaBirauiiiHUx mapametpiB curHaiiB. Lle € 0cobarMBO BaxJIMBUM B yMOBaX OOMEXEHOIO y Yaci ceaHcy 3B’SI3KY, a TaKOX
JIJIs 3a0e3MeUYeHHsT ONepaTUBHOIO KOHTPOJIIO TPAEKTOPii OalicTUUHUX 00’€KTIB MPpH iX MOJILOTI 3a HEOOJaAHAHUMU TpacaMu.

B ocTtaHHi poku B paJioTeXHIYHUX CUCTEMAaX 4aCTO BUKOPUCTOBYIOTh IIMPOKOCMYTOBI ItymonoaioHi curHanu (LIIIC) —
CKJIaHI QUCKPETHI CUTHAJIM, MOAY/JIbOBaHi FTApPMOHIYHMM CUTHAJIOM 3a 4acTOTOlO, (pa30i0 Ta aMILIITYI0I0 KOAOM IICEBIOBU-
naakoBoi nociinoBHOCT. Bukopucranus LIIIC noscHoeTbes psioM iX BIACTUBOCTEH: KPalO MEePElIKOJ03aXUILIEHICTIO
i MPUXOBAHICTIO, OLIBIIOID TOYHICTIO BUMIipIOBaHHSI IIBUAKOCTI Ta HAJbHOCTI pyXOMUX OO’€KTIB, MEPCIEKTUBOIO OiJIbIIT
e(DeKTUBHOrO BUKOPUCTAHHS TaKWX CUTHATIB Y JO3BOJIEHUX Mdialma3oHax YacTOT, a TaKOX MOXJIMBICTIO iX ©GaraTompoMeHe-
BOTO TMOLIMPEHHSI.

IBC 3 IIIIC maroTh HU3KY MepeBar: MiIBUIIEHY 3aBafOCTiKICTh, CKPUTHICTh, MOXKIIUBICTh OJHUM CUTHAJIOM 3TiCHIO-
BaTU BUMipU MapameTpiB pyxy JiTaJbHOTo 00’€KTy i mepeaaBaTu iHbOpMallilo, TOCTATHIO TOUHICTh i BUCOKY JOCTOBIpPHICTh
nepenaui iHdopmalii. B mepcrekTuBi 11e MoOXe TPUBECTH OO0 TOOymoBU YHiikoBaHoi, M0o6inbHOI IBC, TakTMKO-TexHiU-
Hi XapaKTepUCTUKU $SIKOI OyAyTh 3alOBOJBHITH CydyacHUM BuMmoraM. [IpoTe, OCHOBHOIO MPUUMUHOIO, SIKa TMEPEHIKOIXKAE
OLIBII IMPOKOMY 3aITPOBAIKEHHIO CKJIATHMX TICEBIOBUITAIKOBUX CUTHAJIB y MpPakTUKY pamiorexHiyuHux IBC, € TpymHomii,
MoB’si3aHi 3 iX ONTUMAaJIbHOI 00pPOOKOIO.

IMposeneno ananiz IBC 3 LHIIC Ha npeameT BU3HAYEHHS CTYIEHsI B3A€EMHOIO BIUIMBY KaHaJiB npu (iabTpalii B3ae-
MO3aJIeXKHUX MapaMeTpiB CUTrHajly. BcTaHOB/IEHO, 1110 TMOXUMOKM, OOYMOBJIEHi B3a€EMHMM BIUIMBOM KaHalliB, MiHiMaJIbHi,
SIKIIIO OIliHKa IMapaMeTpy 30ira€rbcsl 3 MOro iCTMHHOIO BEJMYMHOIO, a TAKOX BiICYTHI pO3Y3rOMKEHHS 3a MapaMeTpoM, IO
dinbrpyeTbesd. TakuM 4MHOM, TOYHICTh (UIBTpallil KOXKHOTO 3 MapaMeTpiB 3aJeXUTh Bill CTYMEHIO iXHbOI KOpPEJsLil, Bil
CIMiBBIAHOIIIEHHS “CUTHA-IIYM”, Ta Bill KPYTU3HU aBTOKOPEJSLiHOI (PYHKIII KOMIUIEKCHOI OOBiMHOI BXiHOTO CHUTHAYy.

KiouoBi ciioBa: iHgopmaliiiiHO-BMMipioBajibHA CHCTeMa, HaBirauiiiHi mapaMeTpy CUTHaIiB, JOCTOBIPHIiCThb iH(opMaLIii.

AHA/M3 B3aMMHOIrO BJIMSIHMSI KAHAJIOB B PAJAMOTEXHHYECKOM
MH(OPMALIMOHHO-U3MEPUTEIbHON CHCTEeMe

b.A. Uymak, H.B. bapxymapsH

XapbKoscKkull HauyuoHarnbHbIU yHusepcumem Bo3dywHbix Cun umeHu WeaHa Koxedyba, yn. Cymckas, 77/79, 61023, Xapbkos, YkpauHa
nickbnv65@ukr.net
chumak_boris@ukr.net

AHHOTAIMSA

Pa3zpaboTka HOBBIX pamMoTexHUYECKUX MHGbOpMalMOHHO-u3MepuTeabHbix cucteM (MUC) HazemMHOro komruiekca
yIpaBIeHUs JIeTaTeIbHBIMU OOBbEKTAMM JOJKHA ObITh HAIpaB/ieHa Ha MOBBIIIEHUE UX BO3MOXHOCTEH MO TOYHOMY U JO-
CTOBEpPHOMY KOHTPOJIO HAaBUTALIMOHHBIX TApaMeTPOB CUTHAJIOB. DTO OCOOEHHO BaXXHO B YCJIOBUSIX OTPAHUYEHHOTO BO
BPEMEHU ceaHca CBSI3U, a Takxke sl o0ecrneyeHusl ONepaTUBHOIO KOHTPOJISI TPAGKTOPUl OaUTMCTUUYECKUX OOBEKTOB MPU
WX TIOJIeTe TI0 HEOOOPYIOBAaHHBIM TPAacCaM.
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B nocnenHue rombl B pamlOTEXHMYECKUX CHCTEMAX YACTO MCIIOJIB3YIOT IIMPOKOIIOJIOCHBIE LIYMOIOAOOHBIE CHUTHAJIBI
(IHIIC) — cnoxHBle TUCKPETHBIE CUTHAJIBI, MOIYJIMPOBAHHBIE TADMOHWYHBIM CUTHAJIOM IO 4YacToTe, (haze W aMIUTUTYIC
KOIOM IICeBAOCIydYaiiHOi mociemoBaTeabHocTH. Mcnonb3oBanue IIIC oGbscHsIETCS PSIIOM MX CBOMCTB: JIydlleil IO-
MEXO3alINIIEHHOCTBIO U CKPBITOCTBIO, OOJIBIIIE TOUYHOCTBIO M3MEPEHUS CKOPOCTH U JaJbHOCTU TOIBVXKHBIX OOBEKTOB,
MepCreKTUBOi Gojice 3(DGHEKTUBHOIO MCIOAb30BaHUsI TAKMX CUTHAJIOB B pa3pelleHHbIX AMara3oHaxX 4acToT, a TakxkKe BO3-
MOXKHOCTBIO MX MHOTOJIYYE€BOTO PaCIpPOCTPAHEHMSI.

NNC ¢ IHIIC umeroT psii MpeMMYILIECTB: TMOBBIIIEHHYIO MTOMEXOYCTOMYMBOCTh, CKPBITHOCTh, BO3MOXHOCTb OJIHUM
CHTHAJIOM OCYIIECTBIISITh M3MEPEHUSI TapaMeTpPOB IBUKEHMS JIETAaTeIbBHOTO OOBEKTa M IepedaBaTh MH(MOPMALMIO, T0-
CTaTOYHYIO TOYHOCTb M BBICOKYIO JOCTOBEPHOCTb Iepenadyud MHMopMmaiuu. B mepcrekTvBe 3TO MOXKET MPUBECTU K IO-
CTPOEHNIO YHUDUIIMPOBaHHOM, MOOMIbHOI MMC, TaKTMKO-TeXHUYECKME XapaKTEPUCTUKU KOTOPOU OYAyT YIOBIETBOPSITH
COBpEeMEHHBIM TpeGoBaHMSIM. OIHAKO, OCHOBHBIMM ITPMYMHAMMU, MPETSTCTBYIONIMME 0oJiee ITMPOKOMY BHEAPSHUIO CIOXHBIX
IICEBIOCIyYaiHbIX CUTHAJIOB B MPaKTUKy pamuorexHmdeckux MMUC, sSBISIOTCS TPYIHOCTH, CBS3AHHBIE C MX OINTHMAIbHOM
00paboOTKON.

Iposenen anamm3 MC ¢ HIIIC Ha npeaMer ompenejeHus: CTEIIEHH B3aMMHOIO BIUSIHUSI KAHAIOB MpU (DUILTPALIMK
B3aMMOCBSI3aHHBIX TTapaMeTPOB CUTHAaJIa. YCTAaHOBJIEHO, YTO MOIPEIIHOCTH, OOYCIOBIIEHHbBIE B3aMMHBIM BJIMSIHUEM KaHAJIOB,
MUHUMAJIbHBI, €C/IM OllEHKa IMapamMeTpa COBIIaJaeT ¢ €ro MCTMHHOM BEeJMYMHOM, a TAaKXKe OTCYTCTBYIOT PacCOIIaCOBAHUS
Mo (WIBTpyeMOMY mapameTpy. TakuM o0pa3oM, TOYHOCTb (DMJIBTPAMU KaXXIOTO M3 TapaMeTpOB 3aBUCUT OT CTEIEHHU WX
KOPpPEJNSLIMU, OT COOTHOLLIEHUS “CUTHAJI-IIYM” M OT KPYTU3HBI aBTOKOPPEJISILIMOHHON (PYHKIIMU KOMILJIEKCHOM orubdaroiiei
BXOIHOTO CHUTHAJIa.

KimoueBsie cioBa: nH(GOpMAILIMOHHO-U3MEPUTEbHAS CUCTEMa, HaBUTALIMOHHBIE TTapaMeTphbl CUTHAJIOB, TOCTOBEPHOCTD
nHGOpMAaLIUHU.
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