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ANALYSIS OF SENSITIVITY OF TARGET TRACKING SYSTEMS TO EXTERNAL

INTERFERENCE IN MULTICHANNEL RADARS WITH FIXED PARAMETERS

Abstract. The multichannel and fixed parameters radars for tracking targets with the phased array antennas are widely
used in modern military surveillance systems. The modular integration of a phased antenna array with digital processors
allows to realize the command and control functions of antenna patterns for tracking multiple targets in the time resolution
modes. Tracking of the air targets in range, radial speed and angular coordinates of evaluations and azimuth is provided by
means of the multichannel radars without adaptation modes to the characteristics of external influences. Thus, adjusting the
algorithms of tracking systems to the maximum maneuverability of the air targets can lead to a significant reduction in the
accuracy of surveillance in comparison with the potentially achievable accuracy for such radars of tracking the linear flight
targets in the long duration of time. In the case of adjusting the algorithms of tracking systems to either low intensity of
flying targets, or lack of the aircraft maneuvering, it is possible to significantly increase the error of the aircraft flying
information, and as a result to have a disruption of tracking the air targets. The increase in the parameters of the tracking
error in relation to the influence of external interference were obtained as a result of the study. As a result of research, it is
possible to assess the feasibility of adapting to certain characteristics of external influences, and provide recommendations
for selecting and fixing the parameters of algorithms of tracking systems to ensure their versatility to surveillance targets

with both high maneuverability, and implementing the stealth technology.
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Introduction

The problem of achieving sustainable tracking of
maneuverable targets is a tackle in complex and
expensive adaptive radar systems for tracking the air
targets. Analysis of possible errors in tracking accuracy
under the influence of external interference in radars
with fixed parameters is presented in the article. In
practice, it often happens that the regulation of the
parameters of the tracking system does not meet the
requirement of stable tracking of targets when exposed
to external interference, which is considered in the
article.

This publication analyzes possible losses in

tracking accuracy in systems with fixed parameters, if
the settings of the algorithms of tracking systems do not
match the characteristics of external interference.
The influence of parameters of the target movement
stochastic models with both exponentially correlated
values of targets acceleration, and observations on
potential accuracy of radio tracking system by range is
investigated. and also in case of fixing of parameters
dependences of relative increase of tracking error are
received.

It is known that the synthesis of the tracking
systems is based on the model of both target movement
characteristics, and the measurements of corresponding
flight coordinates.

Therefore, it is quite natural that the closer these
models are to real practical conditions, the higher the
accuracy of the tracking systems.

However, the characteristics of external influences
change in the real condition, and therefore it is
necessary to find out, the change in characteristics
affects the potential accuracy of the optimal system. If
the system parameters of radars do not meet the

characteristics of the external influences, the radars will
determine the decrease in the accuracy of tracking the
air targets.

The obtained results make it possible to evaluate
the feasibility of designing the tracking systems that are
adaptable to certain characteristics of external
influences.

If adaptation is impractical, it allows you to select
fixed values of the parameters of the radar at which the
system best meets its purpose.

Thus, the analysis of the sensitivity of the targets
tracking systems under the influence of external
interference in the multichannel radars with fixed
parameters is presented in the article.

Research and publications analysis. The
potential effectiveness of the airspace surveillance
depends on the accuracy of tracking air targets by
means of radars. The main parameters of the radar
include sensitivity of the receiver devices, the signal-to-
noise ratio and the discriminator characteristics [1-3].

Adjusting the parameters of the tracking algorithm
to the worst conditions, for example, the signal-to-noise
ratio is minimal, maneuverability is maximum, leads to
a relative deterioration in the accuracy of tracking the
air targets to compare with the optimal setting of the
characteristics to the best conditions of surveillance, for
example, when the signal-to-noise ratio is very high and
the targets fly at the strait path without maneuvering.

The choice of parameters of the air targets tracking
algorithm for the radars with fixed parameters design
for the best conditions.

If the influence of external interference increases,
it will lead to a deterioration in the accuracy of tracking
targets by a radar with fixed parameters.

Thus, the correct choice of characteristics of the
target's maneuverable flight model and the tracking
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model matched with it, is essential for choosing the
parameters of the radar operation algorithm [3-6].

The purpose of the article is to analyze the
sensitivity of the receiving module of the tracking system
to the choice of the parameters of the model of the
target’s maneuverable flight of the to the surveillance
modes of the multichannel radars with fixed parameters
under the influence of the external interference. The
estimation of possible decrease in sensitivity in case of
mismatch of the radar parameters with the characteristics
of external interference is carried out.

Research results

Let us consider a model in which the
maneuverable flight of aircraft is described by a
stochastic mathematical model with exponentially
correlated components of the target acceleration vectors.
The target acceleration vectors are used to describe the
motion of a maneuvering target along the tracked
coordinates [1].

f(tn +Tn)=q)(Tn)f(tn)+BE.>(tn)a (1)

where X(t,) = (x(t,).%(t, ). % (1, ))T — the state vector,

the components of which are the coordinate of the
target, its first and second derivatives;

11, T2)2
Q)(Tn) =0 1 Tn - (2)
0 0 p
the transition state matrix;
B=(0 0 1)'- 3)

the excitation matrix;

T,, —the observation time interval;

&(t,) — discrete sequence of white excitation noise
with variance, which is described by the expression:

ve(h,) =05 (1-p°); (4)

p= e_Tn/TM _ (5)

parameters describing the correlation of the components
of the target acceleration vector in the observation
interval;

7, — the time constant of the correlation of the
components of the targets acceleration vector;

G, — the standard deviation of the values of the
components of the targets acceleration vector.

As shown in [1], with the small interval of
observations (7, < 1s) the matrix element @5 of the

matrix ®(7,,) can be taken equal to zero:

1 7, 0
oT)H)=|0 1 T,]|. (6)
0 0 p

In the synthesis of linear systems, the model of
observations is represented by the following equation

y(ty) = Hx(t,)+ f(t,), ()

where H =(100) — matrix of observations; f(z,) -

discrete white sequence of observation noise with zero
mean and variance v, (,) .

In these models, the parameters to be fixed are: €
:6,.T,, vy . There are two parameters determined by

the maneuverability of the monitored targets, and the
latter is determined by the value of the signal-to-noise
ratio and the characteristics of the discriminator.

In addition, when the target’s observation is
organized within the criterion of the sufficient
accuracy [8], the variable parameter may be the interval
of observations 7, . As you known [2], the automated

tracking system should be optimized by the criterion of
the standard error minimum. The automated tracking
system may be described by the recurrent relations:

X(t,) =%, (t) + K(t,)y(,) - He,(t,)] 5 (8)
§3 (tn +T,) = cD(Tn )§(tn) 5 ©

where K(f,) — the matrix of gain factors which is

caused by expressions:
-1
K(t) = Vet B HV, @6 )HT +v, )| (10)

V(ty)=V,(t,) =V, )H" x

1
< HVe ) H " +9,) | 7 HY 1), (b

Vo(ty +T,) = O(T,)V (t,)®" (T,) + Bve (T,)B", (12)

in which V(z,), V,(t, +T,) — matrices of the central

moments of errors estimation and extrapolation
accordingly. Let the proposed flight models of targets
and models of the tracking radars are reflected the real
conditions of the air observation. Then the variance of

the tracking error cg is equal to the element v,;; of
the matrix V,(,) .

With  constant characteristics of  external
influences, calculations of the variance of the tracking
error in the steady modes can be performed by multiple
solutions of recurrent equations (11), (12).

The results of the solution for the range of the
automated tracking system are shown in Fig. 1. As can be
seen from the obtained graphs, the variance of the
extrapolation error of the range depends significantly on
the variance of the observation noise, weaker than the
variance of the values of the acceleration of the target,
and slightly depends from the constant maneuvering 7, .

Therefore, to ensure stable and stable tracking of the
maneuvering target, it is necessary to ensure the
maximum value of the signal-to-noise ratio and the
sensitivity of the receiving path and the discriminator [7-
12]. In the case when for the synthesis of the surveillance
system the parameters of models (1), (7) are fixed and

equal respectively to cs:,,T ;,v?, its accuracy may be

below the potentially achievable: cg 2V, -
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Fig. 1. Dependence of the variance:
a — of the distance extrapolation error on the variance of the observation noise;
b — of the error on the variance of the values of the acceleration of the target;
¢ — of the distance extrapolation error on the time correlation constant of the target acceleration values

It can be calculated in the general case only by
statistical tests. For the steady mode there is an
analytical solution, which is found by the spectral
method [2, 3].

The expressions obtained with the help of this
technique for variances of dynamic and fluctuation
tracking errors are rather cumbersome and therefore are
not given here.

In Fig. 2 graphs of the relative deterioration of the
target tracking error of the radar with fixed parameters,
which are relative to the optimal, are given:

ZOOOGN%’MZ/C4 0 5 10 Twm, C
b c
Acﬁ,%=(c§—r/e,,)/r/e,,~100%, (12)

In the Fig. 2 the solid lines are corresponding to
the parameters recorded for the maximum, the dashed
lines are corresponding to the parameters, recorded for
the minimum, of the relative deterioration of the
variance functions.

The choice of target tracking parameters in the
middle of the range of the proposed parameters allows
to achieve stable target tracking by radars in the
conditions of interference.
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Fig. 2. Relative deterioration:
a — of the variance of the extrapolation error of the distance from the variance of the observation noise;
b — of variance extrapolation error of range from the variance of values of targets acceleration;
¢ — of variance of extrapolation error of distance from the time of the values of the targets acceleration
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Also, fixing the value of the variance of the noise
of the target tracking v, , and the variance of the values

of the maneuvering acceleration of the targets cil in the

area of the average values: up to 7% — according to the
parameter T,, allows to achieve stable target tracking.

Thus, stable tracking of maneuvering targets is achieved
either by selecting the parameters defined in the article
in the middle of the dispersion area or by using adaptive
target tracking radars [4, 6].

Conclusions

1. As follows from the analysis of the results, the
choice of parameters of the target tracking radars based
on the criterion of achieving a minimum error in the
most difficult conditions, leads to losses of achievable

2. The parameters variance in the most friendly

conditions of surveillance (vj and o3 - minimum,
T, — maximum), lead to the fact that in unfriendly
condition of surveillance, the error may be worse than
the potentially achievable (Fig. 2) up to 80% — by the

parameter vy ; up to 120% - by parameter cil ;

up to
25% — according to the parameter T, , which can

increase the probability of failure of the maneuvering
target by radars with fixed parameters in conditions of
external interference.

3. Based on practical experience, it is shown, that
the sensitivity of the targets range tracking module of
the radar weakly depends on the targets acceleration
parameter T, . Therefore, the regulation in the area of

accuracy in unfavorable tracking conditions (Fig. 2):

up to 2.5 times are according to the parameter of
the dispersion of the tracking noise;

up to 60% are according by parameter the

characteristics of the receiving system proposed in the
article, which increasing the sensitivity and the signal-
to-noise ratio of receiving module, allows to develop
effective radars with fixed parameters for stable targets
dispersion value of acceleration rate cil . tracking in external interference.
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AHaJIi3 9yTJHBOCTi CHCTEM CyNPOBOIKEHHsI Lijeil 3 pikcoBannmu nmapamerpamu 6ararokanaiasHoi PJIC
110 XapaKTepPUCTHK 30BHIIHIX BIUIMBIB

A. O. Kopanbuyk, M. M. Oneuyk, B. JI. Kapnos, O. B. Kapnenko, O. B. Becosa, O. B. Jlykamyk

AHoTanisi. Y cyyacHHUX paJliOTeXHIYHUX CHCTE€MaX BiiCbKOBOI'O IPU3HAUYEHHS IIMPOKO 3aCTOCOBYIOTHCS OaraTokaHaJIbHi
panionokaniiai crannii (PJIC) cynmpoBomkenHs minei 3 ¢a3oBaHoro anteHHOIO perritkolo (DAP). Buxopucranns ®AP y
koMOiHalii 3 nudpoBOI 0OUHMCIIIOBAIBHOIO TEXHIKOIO J03BOJISIE KepyBaTH aiarpamoro crpsamosanocti PJIC i cynpoBomxyBatu
JIeKiabKa Iiell B pexuMi posnofiny uyacy. CynpoBOMKEHHs HOBITpsHMX wLinei B OararoxananbHiii PJIC 3aGe3nedyerscs
IiICKCTeMaMH 32 JaIBHICTIO, PaialbHOI0 IIBHJKICTIO Ta KYTOBUMH KOOpJMHATaMH, B OLTBIIOCTI BHIIAJKIB Oe3 ajanTamii 1o
XapaKTEepUCTHK 30BHIIIHIX BIUIMBIB. TakK, HAlAIITYBaHHS AQITOPUTMIB CIIJKYIOUHMX CHUCTEM Ha MaKCUMallbHi MaHEBpPEHi
MOJJIMBOCTI MOBITPSIHUX L€l MOXKYTb IPU3BOIUTH JI0 CYTTEBOI'O 3HW)KCHHS TOYHOCTI CYNPOBOJDKEHHS BIZJHOCHO MOTEHLIHO
JIOCSDKHOI'O Ha JIJIAHLI BIJICYyTHOCTI MaHEBPYBaHHs, sika OyBae JOCHUTb TPHBAIOK. Y pa3l HaJalITyBaHHSA alrOPHTMIB
CIIIIKYIOUMX CHCTEM Ha HU3bKY IHTEHCHBHICTb, 200 BiJICYTHICTh MAHEBPYBAHHSI, MOXKJIMBE HA/ITO CYTTEBE 3DOCTAHHS OMUIIKH Ha
JIISHII 3AiHCHEHHS MaHEBpPY 3 MAaKCUMAaJIbHUMH MOXJIMBOCTSIMH JITalbHOrO amapary. JlaHe NIUTaHHS AOCUTH €()EKTUBHO
BUPILIYETbCA B aJAalTUBHUX CIIJIKYIOUMX cUcCTeMaX. Y JIaHii myOmikauii npoBeieHO aHali3 MOXJIMBHX BTpaT B TOYHOCTI
CIi/IKyBaHHSA B CHCTeMax 3 (PIKCOBaHMMM NapaMeTpaMM, y pa3i KOJIM HaJalITYBaHHS IapaMeTPiB AITOPUTMIB CIiJKYHOUUX
CHCTEM HE CIIBNAJAOTh 3 XapaKTePUCTHKAMM 30BHILIHIX BIUIMBIB BIJIHOCHO IOTCHIIHHO MOMUIMBHX. JlOCIIIKEHO BIUIMB
rapaMeTpiB CTOXACTHYHOI MOZENI PyXy LIl 3 €KCIOHEHHIHHO KOpEelIbOBAaHMMH 3HAYEHHSIMH IPHCKOPEHHS LT Ta MO
CIIOCTEPEIKEHb Ha IMOTCHIIHHY TOYHICTh PafiOTEXHIYHOI CIIJIKYOUOi CHCTEMH 3a JAIBHICTIO, a TAKOX Yy pasi Qikcarii napamerpis
OTpPHMaHi 3aJIeXHOCT] BiJHOCHOTO 301JIbIIICHHS] NTOMWJIKH CYIPOBODKEHHS. Y pe3yibTaTi NPOBEJECHNX JOCIIUKEHb, 3’ SIBIAETHCS
MOXKJIMBICTh OLIHKH JIOIUJIBHOCTI ajanTamnii 10 IMEeBHHX XapaKTepHCTHK 30BHIIIHIX BIUIMBIB, Ta HaIaHHS PEKOMEHIALIH m0/10
BuOOpy 1 ¢ikcalii mapamMerpiB alropuTMIiB CIIAKYIOUMX CHUCTEM Ul 3a0e3ledeHHS IX YHIBEpCAJIbHOCTI 3aCTOCYBAaHHS [0
CYIIPOBOKEHHS L{JICH 3 MOCTIHHO 3pOCTat0uMMHU MaHEBPEHUMH MOXIIMBOCTSIMU Ta MaJIOIO NIOMITHICTIO.

Kaw4yoBi ciroBa: cucremMa aBTOMaTHYHOIO CYIPOBODKEHHS;, AUCIIEPCisl MOXUOKN EKCTPAIONSILil; TabHICTh; iKcoBaHi
rapaMeTpH.

AHaJIM3 YyBCTBHTEJIBHOCTH CHCTEM CONPOBOKACHHE HeJieli ¢ pMKCMPOBAHHBIMHA NTapaMeTPaMu MHOrokaHaabHbIi PJIC
K XapaKTepUCTHKAM BHEIHMX BO3/IeHCTBMIA

A. A. KoBanbuyk, H. H. Onemyk, B. JI. Kapnos, O. B. Kapnienko, O. B. becosa, E. B. JIykamyk

AHHOTanusA. B COBpeMEHHBIX paJAMOTEXHHYECKMX CHCTEMAX BOCHHOTO HA3HAYEHMS MHIMPOKO HNPUMEHSIOTCS
MHOrOKaHaJIbHble paauonokaiuonnsie craniuu (PJIC) conpoBoxxienust neneit ¢ ¢a3supoBaHHOH aHTeHHOH peerkoi (PAP).
Hcnonb3oBanue DAP B coueranun ¢ 1U(POBOH BBIYUCINUTENBHOW TEXHUKOH IIO3BOJSIET YNPABIATH JHarpaMMON
HanpasieHHOCTH PJIC n compoBokaTh HECKONBKO LieNed B peXUMe pasziesicHns BpeMeHH. CoNpoBOXKIEHUE BO3AYIIHBIX LieNei
B MHorokaHanbHOiH PJIC obecnieunBaercss NOJICHUCTEMAaMH 110 JAJIbHOCTH, PaJUalIbHON CKOPOCTH M YIJIOBBIM KOOpDAMHATAaM, B
GOIBIIMHCTBE ClyyaeB 0e3 ajanTalud K XapaKTepHCTHKaM BHEIIHMX BO3JCHCTBMM. Tak, HACTPOMKM alropuTMOB ClIEISLINX
CHCTEM Ha MaKCHMaJbHbIE MaHEBPEHHbIE BO3MOXKHOCTH BO3AYHIHBIX LEIEH MOrYT NPHBOAMTH K CYIIECTBEHHOMY CHHKEHHIO
TOYHOCTH CONPOBOXKJIEHUSI OTHOCHUTENBHO MOTEHIMAIBHO JOCTHKUMOIO Ha Y4YacTKE OTCYTCTBHM MaHEBPUPOBAHHMS, KOTOpas
ObIBacT JIOCTATOYHO JUIMTENBHOH. B cilydyae HacTpOMKM alrOpuTMOB CHEAAIIMX CHCTEM Ha HU3KYIH0 HHTEHCHBHOCTb, MM
OTCYTCTBHE MaHEBPHUPOBAHUs, BO3MOXKHO CIIMIIKOM CYIIECTBEHHBIH POCT OIMIMOKM Ha Y4acTKE OCYIIECTBIICHHS MaHEBpa C
MAaKCHMaJIbHBIMH BO3MO)KHOCTSIMH JICTATEJIbHOTO anmnapara. JIaHHbIH BOIPOC JOCTaTOYHO 3Q()EKTUBHO pelIaeTcs B aJlalTUBHBIX
cIesIMX cucTeMax. B jaHHON myOnMKanuM NpOBENEH aHalu3 BO3MOXHBIX IOTE€Pb B TOYHOCTH CIIEKEHHUS B CHCTEMax ¢
(UKCHPOBaHHBIMU IapaMeTpaMH, B ClIydae €CIM HACTPOWKH NapaMeTpoB aIrOPUTMOB CIEIIMX CUCTEM HE COBIAJAOT C
XapaKTEpUCTHKaMH BHEIIHUX BO3JEHCTBUI OTHOCHTENBHO BO3MOXKHBIX. VcclemoBaHO BIMSHHME MapaMeTPOB CTOXAaCTHYECKON
MOJIENI JIBIDKGHHS LIEJM C AKCIIOHEHIMAJIbHO KOPPEIMPOBAHHBIMHM 3HAYEHHUSAMH YCKOPEHMS LeJIM M MOJCIM HaOII0iCHUH
MOTEHLHAJIbHYI0 TOYHOCTh PAJJMOTEXHUUYECKOH CIelAIlel CHCTeMBbI IO JabHOCTH, @ TaKKe B clydae (UKCAlUH MapaMeTpoB,
TOJTy4CHHbIE 3aBUCHUMOCTH OTHOCUTENIBHOIO YBEJIMUCHUS OLIMOKH CONPOBOXKACHUS. B pe3ysnbrare MpoBeJeHHBIX UCCIIEI0BAHNUH,
TOSIBIIACTCSL BO3MOJKHOCTD OLICHKH 11€J1€COO0PAa3HOCTH a/alTallii K OIPEEICHHbBIM XapaKTepPUCTUK BHELIHUX BO3ACHCTBUM, 1
PEKOMEH/IalMK 10 BBIOOpY M (pUKCALMK NapaMeTPOB AJITOPUTMOB CIEIALIMX CHCTEM Ul 00eCHeYeHHs MX YHUBEPCAIbHOCTH
MIPUMEHEHUSI K COITPOBOMKAEHHUIO LIENIEH ¢ MOCTOSHHO PACTYIIMMH MAHEBPEHHBIMU BO3MOKHOCTSIMU M MaJIOH 3aMETHOCTBIO.

Kamw4ueBble cJIoBa: cuCTEMa aBTOMAaTHYECKOIO COIIPOBOXACHUA; AUCIICPCUS ITOTPCINIHOCTH  OKCTPAIIOISALUU]
JaJIbHOCTb, (bHKCHpOBaHHBIe IapaMeTphl.
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