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Background. Under the influence of combined interference, the effectiveness of radar performance significantly deteriorates.
This is preconditioned by decorrelation of active noise interference by passive one that has a spatially distributed spectrum. To
reduce the influence of passive interference on the active interference compensation process, it is necessary in one way or another
to form a classified training sample generated only by the active interference and to assess the possible losses that arise with this
case.

Objective. The aim of the paper is to estimate losses for the case of adaptive spatial filtering of the active component of
combined interference in the frequency method of generating a classified training sample.

Methods. Analytical method of losses estimation simultaneously with the method of simulation.

Results. The estimation of losses in compensation of active interference arising for different values of the base and the width
of the interference spectrum coming from different angular directions has been made. The losses have been estimated which were
preconditioned with introduction of notch filters in the chain for forming the weight factor of the autocompensator are estimated.

Conclusions. The scientific novelty is the possibility to estimate the losses in active interference compensation in spatial
signal filtering using the frequency method of classified training sample generation. The practical significance is to provide the

possibility to choose parameters of the jamming system when designing the radar.
Keywords: adaptive spatial filtering; classified training set; combined disturbance.

INTRODUCTION

The most complicated mode of radar operation is the
case of simultaneous (combined) exposure to active and
passive noise interference. At simultaneous exposure the
passive inference that has spatially distributed spectrum,
destroys spatial signal correlation of signals [1-3] that affects
significantly on the radio location station noise immunity of
point sources of active interference. This results in significant
worsening in the noise immunity of the radar. Moreover, when
the dispersion of passive interference exceeds the active one
the compensation of the latter is generally problematic [4].
That is why, in order to reduce the influence of passive
interference in adaptive spatial filtering, it is necessary, one
way or another, to formulate a classified training sample,
which is generated only by active interference. Obviously,
when introducing these restrictions, potentiality to suppress
active noise interference reduces. Therefore, when designing
interference protection systems, it is necessary to estimate the
losses considering the formation of a classified training
sample. This task is actual in modern conditions.

PROBLEM FORMULATION

The frequency method for the classified training
sample formulation in adapting the weight coefficients of a
polarization filter has been proposed in [5] while protecting
the main beam of the antenna pattern. This method is realized
with the use of frequency distinctions in the structure of active
and passive interference, which is determined by the wider
spectrum widths of active interference as compared to passive
one. With this, it became possible to formulate a classified
training sample by rejection of passive interference in the
chain of forming the weight factors of the autocompensator.
Experimental studies [6] has proved significantly high

efficiency of compensating active noise interference acting on
the main beam of antenna pattern with use an adaptive
polarization filter with rejection passive interference. This was
ensured by the fact that during polarization filtration the phase
centers of the used dually polarized antenna were combined.
When protecting the radio location station against the active
noise interference acting in the direction of the side lobes,
spatial filtering is used, which is realized by using antenna
spaced apart. When scanning such an antenna inter-channel
delays of interfering signals occur, which leads to
deterioration in the noise immunity of the radar. For this
reason, the objective of this research is to estimate losses in
compensation of active interferences acting in the direction of
the antenna pattern side lobes when the classified training
sample is formulated with the frequency method.

MAIN PART

Let us consider an adaptive spatial filter that comprises
an antenna system (AS) including the main and compensation
antenna, as well as interference autocompensator. A
practicable design of the AC shown in Fig.l1 and Fig.2
presents active noise interference receiving diagram for the
main A; and A, compensation antennas separated for a
distance of d. The distance d is called AS base. The distances
from the active noise interference source to the antenna phase
centers are denoted as R; and Ra. If Ri=R, , then the active
noise interference is supplied to the A; and A, antenna
simultaneously.
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Fig. 1 - Antenna system design

With this the angle 6 is zero. However, when scanning the
AS, the condition R;=R; is violated, angle 6#0 and inter-
channel delay of signals active noise interference arises

r:isinﬁ, where ¢ — is the propagation speed of the
c
electromagnetic wave.
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Fig. 2 — Diagram of receiving active interference with antenna
system.

The arising inter-channel delay lowers the active noise
interference efficiency compensation. To assess the effect of
inter-channel signal delay on operation of the spatial filter, we
use the formula [7], enabling to calculate the ratio of
interference/natural-noise in the output of the autocompensator
for frequency components f of the active noise interference
spectrum:
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where fy — is the center frequency of the active noise
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interference spectrum, and ¢, — - is it’s dispersion, o, —
is the dispersion of natural noise in the auto-compensator
channels. 5} — is signal dispersion in the autocompensator

output. The suppression factor of interference Ky is further
calculated by the ratio
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Fig. 3 presents the results of computation of the active
noise interference suppression factor for several values of
angular position of antenna system € with relative active noise
interference dispersion equal to 40 dB and a located base value
d = 2 m, for different values of frequency spectrum
components f. From Fig. 3 it follows that the losses in active
noise interference compensation are proportional to 6 and
reach a maximum when 6 = 90°. In the area of the first side
lobes which as a rule have the highest level these losses are

significantly less. Losses in the in active noise interference
compensation can also be reduced when the spectrum width of
the signals being processed is less.
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Fig. 3 — Relationship of the active noise interference
suppression factor to frequency at the angular position of

noise relatively to the antenna normal =5 °,10°,15°,90 °
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Fig. 4 presents the computation of active noise
interference suppression factor relatively to the base value d
when relative active noise interference dispersion is 40 dB and
a located angle 0 equals to 15 degrees. From Fig.4 it follows
that losses in the active noise interference compensation are
proportional to the base d magnitude and the spectrum width
of the interference being compensated.
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Fig. 4 — Relationship of the active noise interference
suppression factor to the distance between receiving antennas
having different widths of the interference spectrum.

In antenna system presented in Fig. 1, the antenna
spacing of d =2 m distance is preconditioned by the design of
the antenna main channel, where a mirror antenna is used as.
However, when using a phased antenna array, the formation of
diagram of compensation antenna direction may be provided
by the emitters that make up base radio location station
antenna which gives an opportunity to decrease base d
magnitude. With these the losses in interference
compensation, as it follows from the above calculations, can
be significantly reduced.

Fig.5 presents structural diagram of spatial filter that
contains an interference auto-compensator with correlation of
feedback and rejection passive interference in the circuits of
weight formations. The autocompensator includes the device
for complex conjugation of signals 1, the complex multiplier
3, the integrated signal conjugation signal 1, the first notch
filter 2, integrated multiplier 3, integrated multiplier
accumulator 4, the adder 5, the multiplier 6 and the second
notch filter 7.
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Fig. 5 - Structural diagram for spatial filter with correlation
feedback

Output of the autocompensator U s s

determined with the difference between the integrated signal

signal

amplitude of basic channel UO and the weighted factor K

integrated signal value of the compensation channel U A
Us =Uy—kU, )
The weight factor multiplier-drive 4 is calculated with
known formula

k=nUsUp, *)
where p — is a scalar value determining the depth of the

correlation feedback. The notch filters 2 and 7 providing
suppression of passive interference in the circuits of weight

factor k have amplitude-frequency characteristics with a band
of rejection AF as shown in Fig. 6.

[ |

frequency
Fig. 6 - Amplitude-frequency characteristic of the notch filter

Transfer ratio

When forming a classified training sample by the
frequency method, the circuits for forming weight factors and
formation circuits and the autocompensator signal circuits
operate with different frequencies. Therefore, it was of interest
to estimate the losses in active noise interference
compensation arising as a result of rejecting passive
interference in circuits of the formation of the
autocompensator weight factors. To estimate the losses a
simulation of modeling of autocompensator interference has
been carried out as with notch filters in circuit correlation
connection as well as without them.

The simulation was carried out in the Matlab system
SimuLink graphic extension environment. The active noise
interference dispersion of the interference in the main and
compensation channels of the autocompensator was taken as
equal to 40 dB relatively natural noise of the receiving
channels. With this the active noise interference spectrum
width made 6 MHz on the central frequency of 30 MHz. To
account for losses arising from active noise interference
compensation in case of passive interference rejection in the
circuits of weight autocompensator factor formations when
classifying the training sample, notch filters with attenuation
band of 1 MHz were used at the center frequency of 30 MHz.

When modeling, the modulus of the normalized inter-
channel factor of correlation and the relationship of active

noise interference suppression factor to time were controlled
both in the presence of notch filters and without them. Fig. 7
presents the result of modulus estimation of the inter-channel

correlation factor ‘p‘ in the input of the autocompensator
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where U,, U, — are the integrated active noise interference

values at inputs of the basic and compensation channels, * — is
the sign of the integrated conjugation; the bar above is the
averaging sign.
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Fig. 7 - The relationship of the inter-channel rated correlation

factor ‘ p‘ to time

The solid line in Fig. 8 represents the result of
estimation of active noise interference factor of suppression
Kn in function of time at the output of the autocompensator
without notch filters in the circuits of weight factor formation.
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Fig. 8 - Relationship of Ki suppression factor to time: the
solid line - without notch filters, the dotted line — filters are
present

The dotted line shows the relationship of the Kp
suppression factor to time in the presence of notch filters.
From Fig. 8 it follows that the presence of notch filters results
in pulling transfer process of autocompensator adaptation that
is stipulated with integrated characteristics of notch filters.
With this, losses in active noise interference compensation
vary from 5 dB in the adaptation interval equal to 100 ps to
1.1 dB in the adaptation interval equaled to 1 ms. These losses
can probably be partially reduced with integrators parameters
changes making up autocompensator components and this
requres additional research being continued.

Analysis of the relationship of the suppression factor
of the spatial filter to the width of the active noise interference
spectrum being compensated (Fig. 3) gives the idea to
consider that the wider the spectrum of signals being
compensated, the less is the suppression factor of the . This is
preconditioned with the use of spatial differences in the
structure of the useful signals and the active noise interference
acting on the side lobes of the antenna pattern. The
consequence of this is the presence of variable signal delay
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between the main and compensation channels when scanning
AS.

A possible option to improve the efficiency of noise
compensation is the narowing bandwidths of the main and
compensation channels by using coordinated signals and band-
filters. However, the using of coordinated filters in structural
diagram of Fig. 5 before the inputs of the adder 5 results in
decorrelation of the signals at the inputs of integrated
multiplier-accumulator 4 for the reason of active noise
interference band diversity of signals being supplied to its
inputs.

The authors proposed another option to construct a
spatial filter, the structural diagram of which is given in Fig. 9.

Fig. 9 - Structural diagram of the spatial filter with direct
calculation of the weight factor

The diagram contains the basic 1 and compensation 2
channels, notch filters 3 and 4, coordinated filters 5 and 7, the
device for calculation of weight factor 6, the delay line of the
basic channel 8, the delay line of the compensation channel 9,
the subtraction unit 10, the multiplication unit 11. The diagram
is based on using autocompensation with direct calculation of
weight factor. With this, its calculation is realized directly the
moment after rejection of passive interference in channel
signals but coordinated filters limit the spectrum of signals at
the inputs of the subtraction unit that limit the spectra of
signals being compensated. Apparently, we can assume that
the achievable gain in the compensation factor is determined
by the ratio of the active noise interference spectrum width at
the input of coordinated filter and its bandwidth.

Simulation modeling that the authors are planning to
realize in further research will make it possible to assess the
relationship of the gain in compensation active noise
interference to band narrowing of interferences being
compensated in adaptive spatial filter.

Conclusions
The scientific novelty of the conducted research is in
determining the losses of active noise interference
compensation arising from different base values and the width
of the active noise interference spectrum coming from

different angular directions 6 when AS scanning. Developed is
simulation model for autocompensator interference with the
formation of a classified training sample with the frequency
method. The evaluation of losses in active noise interference
compensation has been carried out, the latter were
preconditioned with the introduction of rejection filters into
the circuit of autocompensator weight factor formation while
forming classified training sample with the frequency method.
The practical significance of the results obtained gives the
possibility to choose the parameters for the system of noise
protection when designing radio location station.
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Ouinka BTpaT B KOMIeHcalii 3aBaj npu (popMyBaHHi HABYaI040i BUOIPKH YACTOTHUM METOA0M

IIpodaemaruka. I[lpu BruMBi KOMOIHOBaHMX 3aBaj €(EKTUBHICTH (YHKLIOHYBAHHS pPaalojOKaliiHOI CTaHLil iCTOTHO
noripuryerbes. Lle oOymoBIIeHO aeKOppersiiel0 aKTHBHOI IIyMOBOi 3aBaJ MAcCHBHOIO 3aBaji0l0, KOTpa Ma€ IPOCTOPOBO-
po3nonineHui criekTp. [1g 3MEHIICHHS BIUIMBY ITAaCHBHOI 3aBaJl Ha MPOIeC KOMIICHCALlii aKTHBHOI IITyMOBOI 3aBaJl HEOOXiTHO
THUM 4YM IHIIMM YMHOM copMyBaTu KiacudikamiiiHy HaB4yaroyy BUOIPKY, MOPOJIKEHY TIIbKM aKTUBHOIO 3aBaJiO0, 1 OLIHUTH
MO>KJIMBI BTPATH, SIKi IPU [IbOMY BUHHUKAIOTb.

Mera. OuiHka BTpaT Npy aJanTUBHIN MPOCTOPOBiH (ijbTpariii akTUBHOT CKJIAJ0BOT KOMOIHOBAHOT 3aBaJH MPH YaCTOTHOMY
Meroni popmyBaHHs KnacudikaliiiHoI HaBuarO40i BUOIPKU.

MeTtoau. AHAJIITUYHUNA METOJ OLIIHKK BTPAT CHIJIBHO 3 METOIOM IMITAIIIfHOTO MO/IEITIOBAHHSI.

Pe3yabTaTn. BukonaHo oIiHKy BTpaT B KOMIICHCAIil aKTUBHOI IITyMOBOT 3aBa/iY, SIKi BAHUKAIOTh IIPU Pi3HUX 3HAYEHHIX 0a3H
AQHTCHHOI CHUCTEMH 1 IIMPUHM CIIEKTpa 3aBaJu, KOTpa HAAXOIUThH 3 PI3HUX KyTOBHX HampsMKiB. OIiHEHI BTpaTH, 3yMOBIICHI
3aIPOBA/KEHHSIM PEKEKTOPHUX (DUIBTPIB B JIaHLIO31 (hOpMyBaHHS BaroBoro koedinieHTa aBTOKOMIIEHCATOPA.

BucHoBku. HaykoBa HOBH3HA MOJIATa€e B OIIHIII BTPAT B KOMIICHCAIIT aKTUBHOT IIIYMOBOT 3aBa i MPH POCTOPOBIi (ibTparnii
CHUTHAJIIB 3 BHKOPHUCTaHHSIM YacTOTHOTO MeTony (opmyBaHHs KiacubikamiiHol HaB4arodoi BuOipku. [IpakTnyna 3HAUNMICTH
MOJISIra€ B MOXJIMBOCTI BUOOPY IapaMeTpiB CUCTEMU 3aBaJ03aXUCTy IIPU IPOEKTYBaHHI paJioIoKaliifHOI cTaHMii.

KurouoBi ciioBa: aganTuBHa MpocTopoBa (ibTpaltis; kiacudikaiiiina HaBuaoua BHOipka; KOMOIHOBaHa 3aBajia.

Hu3za /.M., Pomanenxo C.H., Mopo3 I'.B., Cemenosg /I.C.

OueHKa N0Tepb B KOMIIEHCAIUH IIOMeX NPH (JOPMHUPOBAHNHU 00y4aroLeli BbIOOPKH YACTOTHBIM METOI0M

IIpo6aemaruka. [Ipn BO3IEHCTBUM KOMOMHHPOBAHHBIX MOMEX (P QEKTUBHOCTH (YHKIIMOHUPOBAHUS DPATUOIOKAIIIOHHON
CTaHIIMHM CYIISCTBEHHO YyXYAIIAeTcsl. DTO OOYCIIOBICHO ACKOPpEIsIMCH aKTUBHON IIYMOBOW IMOMEXH MAaCCUBHON IMOMEXOH,
HMEIOUIel IPOCTPAaHCTBEHHO-pacHpeeseHHbI crekTp. /s yMEHbIIeHMs] BIMSHHUS I[IaCCUBHOH IIOMEXM Ha Impolecc
KOMIICHCAIIMH aKTHBHON IIyMOBOH IOMEXH HEOOXOIUMO TEM MM HHBIM 00pa3oM chOpMHUPOBATH KIACCH()HINPOBAHHYIO
00y4Jaromyro BBIOOPKY, IOPOXKICHHYIO TOJIBKO AKTHBHOII IOMEXOH, W OLIGHUTh BO3MOJKHBIE IIOTEPH, KOTOPBIE IPHU 3TOM
BO3HUKAIOT.

ean. OreHka moreps MPH aTalNTHBHON MPOCTPAHCTBEHHOW (QUIBTPAMH AKTHUBHON COCTABIISIIONIECH KOMOMHHPOBAHHOMN
[IOMEXH IPU YaCTOTHOM MeTOJe GOPMHUPOBaHMS KJIacCH(DUIUPOBAHHOM 00y4aromeil BEIOOPKH.

MeToabl. AHATUTHYECKUH METO/I OLIEHKH MOTEePh COBMECTHO C METOJIOM UMUTALIMOHHOTO MOJCIIUPOBAHUS.

Pe3yabTaThl. BbinojiHeHa OlIEHKA MMOTEPh B KOMIIEHCAIIMM AKTHUBHOM IIYMOBOW MOMEXM, BO3HUKAIOLIMX IPHU Pa3IMYHBIX
3HAYCHUSIX 0a3bl AHTEHHOM CHCTEMBI U IIMPUHBI CIIEKTPa IIOMEXH, TOCTYHAIOIIEH ¢ Pa3JINYHBIX YIJIOBBIX HanpaBieHUH. OLeHeHbI
OTEpH, OOYCIIOBICHHBIC BBEACHUEM DEXKEKTOPHbIX (MIBTPOB B Lenu (OPMUPOBAHUS BECOBOro Ko3(duimenra
aBTOKOMIIEHCATOpA.

BeiBoabl. HayuHas HOBH3HA COCTOUT B OLIGHKE MOTEPh B KOMIICHCAIIMHA aKTHBHOI ITYMOBOM IOMEXH IPH IPOCTPAHCTBEHHON
(unpTpanuu CUrHAJIOB C HCHIOIB30BAaHHEM YaCTOTHOrO MeToja (hOPMHUPOBAHUSA KIACCU(PHUIMPOBAHHONH oOydaromieil BBIOOPKH.
IIpakTuyeckas 3HAYMMOCTh COCTOMT B BOBMOYKHOCTH BbIOOpa MapaMeTpOB CUCTEMbI IOMEX03aIIUThl IpH npoekrupoBanuu PJIC.

KiaroueBble cjoBa: aganTHBHAas IPOCTPAHCTBCHHAs (UIbTpanus; KIAacCHUIMpPOBaHHas oOydaromiasi BBIOOPKaA;
KOMOMHHMpOBaHHAsI TOMEXa.



