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COBepIICHCTBOBAHUE CHUCTEM CBSI3M, JIOKAIMH, OIMO3HABAHUSI M JIPYTHX, WCIOJB3YIOUIUX CJIOXKHbIE
LIMPOKOIOJIOCHBIC CUTHANIBI C MAJIOW CIEKTPaJbHON IUIOTHOCTHIO MOIIHOCTH (OJHOYACTOTHBIC MCEBIOCIYYalHbIC U
MHOTOYAaCTOTHBIE CO CKaYKOOOpa3HBIM HM3MEHEHHEM 4YacToThl) [1], U HEOOXOAMMOCTH OINpPENCIICHHUS UX CTPYKTYPHI
MTOPOXKAAIOT MPOOJIEMBI OOHAPYKCHHS W OICHKH MapaMETPOB UX CHUTHAJOB C BBICOKOH TOYHOCTBIO. DTH MPOOICMBI
CBS3aHBI C TEM, YTO BCE M3BECTHBIC CIIOCOOBI OMpEACICHUS IapaMeTPOB CHTHANIOB (YacTOTa, MEJNCHT M T..I.)
MIPE/IIONIAra0T ONMPEICIICHHYIO MPOICIypPY UX OOHAPYKCHUS CPAaBHEHHUEM C MOPOTOM aMIUIUTYABI JHOO C TOPOrOM
SHEPreTUYCCKOTO CIIEKTPa CUTHANA, MPUHATOTO OMHHM aHTCHHBIM 3JeMEHTOM (AD). AmanTanus ypoBHS HOpOTa HE
peanu3yema B HIMPOKOH mosioce mpueMa, a GPUKCHPOBAHHBIN YPOBEHBb MOPOTa MPUBOIMT K MOTEPE YYBCTBUTEIHLHOCTH
WM K YBEJIUYEHHIO BHIYMCIUTENBHBIX 3aTPaT.

B HacrosilieM COOOIIEHHH PacCMaTPUBACTCS AJITOPUTM OOpPaOOTKU IIHUPOKOIONIOCHBIX OJHOYACTOTHBIX H
MHOTOYaCTOTHBIX ~CHUTHAJIOB C MaJOW CHEKTPaJbHOW IUIOTHOCTHIO MOIMHOCTH. AJNTCOPUTM OCHOBaH Ha
KOPPEJSALHOHHBIX METOAaX M NPUMEHHM K YCTPOWCTBaM IHM(POBOro cheMa HHPOPMAIMH C HECKOJIBKUX
MPOCTPAHCTBEHHO  PAa3HECEHHBIX AaHTEHHBIX dJieMeHTOB (AD). Pa3paboTaHHBI  aNropuT™M  HCIOJB3YET
KOPPEIAIMOHHEBIN METOJT KaK MPU MOUCKE U JIOKATU3AIMY CUTHAJIOB 10 YaCTOTE M BPEMEHH, TaK U IIPH MEJICHTOBAaHHU.
AJTOPUTM OTJIHYACTCS TEM, YTO TOPOTH OOHAPYKCHHS YCTAHABIMBAIOTCS HE IO aMIUTUTYIE CUTHAlA WK €ro
CIEKTPAIbHON IUIOTHOCTH MOIIHOCTH, a M0 K03(QuIMeHTaM 4acTOTHOW W BPEMEHHOH KOPPEISIMY, HAHICHHBIM
OCPEIHCHHEM B MPOCTPAHCTBEHHOMN 00sacT. OCTaHOBUMCS HA OCHOBHBIX MOMEHTAX MPEIIaracMoro aaropuTMa.

AJITOPUTM 00pPadOTKHU B YACTOTHO# 00J1acTH
1. KorepeHTHO MpUHUMAIOTCS M CHHXPOHHO PETHCTPUPYIOTCS MHOTOYACTOTHBIE BPEMEHHBIE CHUTHAIIBI

X, (t ), rae 1 - Homep AD, [— HOMep BPEMEHHOIO OTCYETa, U BceX 0a3, 00pa30BaHHBIX OIOPHOM (n = O) 1 BCEMU
OCTaJILHBIMHU BXOJIIIMMU B PCIICTKY aHTCHHAMU (n =1.N )

2. BBIMHCISIOTCS. KOMIUIGKCHBIE BPEMCHHbBIC CIEKTPbl CHIHAIOB S, (f)z E{xn (t)}, e F, -

omepaTop npsAMoro peobpasosanns Oyphe Mo BpeMeHH, f - HOMEP YaCTOTHOTO OTCYETA.
. 2
3. Ompenensiercst dHEPreTUUECKUH CHEKTp CUrHajga Ha omnopHoM AD ‘S 0 ( f 1 n BbIOMpaercs
YaCTOTHBIA OTYET fj C MaKCHUMaJIbHBIM 3HAUYCHNEM CIIEKTPAIbHON aMIUIUTYAbI.

4. Haxomsres ssamvmpe cnexrpamsusie miotrocrn V. (f)=S (f)-S;(f) u xommuexcusie

Kk03(HUIIMEHTH B3aMMHOMN KOPPEISIINY 110 hopMyIie

Bripakenne (1) ecTb ypoBEHb YaCTOTHOM KOPPEISAINH, OCPESTHEHHBIN B MPOCTPAHCTBEHHOM 00JIaCTH.

G

n

5. 3HaueHUs K . CPaBHHUBAKOTCA C 3aJJaHHBIM IIOPOT'OM KOPPCIALMU, U 4aCTOThl, HA KOTOPBIX
b _] 2 2

TIPEBBIIIEH MOPOT, MPUIHCHIBAIOT K CHTHATY J —TO HCTOYHMKA, M ONpejensercs ero nojioca O f ; (ne obs3atenbHO
CBsI3HAS).
6. B monmoce O f ; Boumensores W, = ZVn ( f )— OCpeIHEHHas. MO YacTOTe CIIEKTpalbHas
&,
. 5 2 .
KOMIUICKCHas aMILTHTY/la CHTHala j —To nctodmnka Ha N—om AD; E, = Z‘VO ( f )‘ — DHEprus CHrHajga j —To

F;

- . 2
uctounuKa B miosoce O f ; ; fj = 2 f -‘VO ( f 1 E j — CPC/IHCB3BEIICHHBIC YACTOTA H3TYUCHUS.
F;

7. 3 nosiock! aHanu3a BIpe3aetcst 06acts O f ; (He 06s13aTeNBHO CBSA3HAS).

8. arm 3...7 NOBTOPSAIOTCS 10 TE€X MOp, NOKa SHEPIusi BHOBb OOHAPY)KEHHOI'O CHTHAJla HE CTaHET

HIDKE 33J]aHHOTO 1IOPOTa MK He OyeT NPEBBIICHO 3a1aHHOE KOJIMYECTBO OOHAPYKMBAEMbIX HCTOYHHKOB.
ITocne BBHINONHEHNMS ONMMCAHHOM NMPOLEAYPHl B JaHHBIH MOMEHT BpeMEHH (HEOIpENeIeHHOCTh 10 BPEMEHH
paBHa  JUIMTEIBHOCTM  BPEMEHHON BBIOOpPKHM) OyAyT HAHJEHBI: KOJMYECTBO HMCTOYHHMKOB  H3IIy4CHHS;
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CPEIHEB3BEIICHHBIC YaCTOTHI H3ITyUeHHUS; O0IACTH YacTOT, 3aHATHIE KAKIBIM HCTOYHIKOM (HE 0053aTEIIFHO CBA3HEBIC);
SHEPrHs CHTHaNa KaKIO0TO HCTOYHHKA.

HampHelimas o0paboTKa MpeanoiaraeT CIASAyIONMA aJTOPUTM OIpeNelIeHUs ITUTEIHHOCTH CHUTHAJIOB
KaXXI0TO U3 00HAPYKEHHBIX HCTOYHUKOB H3ITyICHHUS.

AJNropuT™M 00padoOTKH BO BpEeMEHHOIi 00J1acTH
A. Tlpouenypa yacrorHoro oOHapysxeHus (mard 1...8) MHOTOKpaTHO HOBTOPSIETCS BO BPEMEHHOH 00J1acTi
(He 00s13aTENBHO CBSI3HOM).

B. Tlocye KaxI0ro NUK/IA CheMa ¢ HOMEPOM K = 2 M 4acTOTHOH 00pabOTKH ONPEENSOTCS KOMILIEKCHBIE
K03()HUIMEHTH! B3aMMHOMN KOPPEJSILIUK CIIEKTPAIBHBIX KOMIUIEKCHBIX aMILIUTY 110 hopMyIie

R, =W, 'Wkt”"/ \/Z‘ijn 2 'Z‘Wk—lﬁf 2

C. HpI/I MPCBLIICHUU MOpOora Koppesigun MOOYJIeM ‘Rkj‘ MPUHUMACTCA PCHICHUC 00 aKTHBHOM

2

COCTOAHHNH UCTOYHHKA HA 9aCTOTC fj .

D. Haxogsrcs OCpPCIHCHHBIC 1o BPEMCHHA CIICKTPAJIbHBIC KOMIIJICKCHBIC AMILIUTYABI

W, =W, +W,_,,,, xoTopbie ncronpsyrotcs Ha CliefylomeM UuKie no Bpemenu (waru B..D) B

kagectse ammmuryn W, .

E. Ilpu yMEHBIIEHHH MOXYJS KOPPEIIIH ‘Rkj‘ HIDKE YPOBHS MOpOra NpPHWHUMAIOT pereHue o0

HU3MCHCHHNHU COCTOSAHHA HCTOYHHUKA HAa 4YaCTOTC fj .

F. Ilaru A...E s kaxmoro u3 oOHapyKCHHBIX UCTOYHUKOB TOBTOPSIIOT IO TEX IMOP, MOKA €r0 COCTOSHUE
HE U3MEHHUTCS WM TI0Ka He Oy/eT MPEeBbIIIeH 3aJaHHbIi OPOT YUCIIa OCPEIHEHHI 110 BPEMEHH.

B pesynbrare BBINOJHEHHS OMHCAHHOW MPOLEAYPHl AOMOIHHUTEIBHO OIPEICNSIOTCS: JUIUTEIBHOCTD
AKTHBHOCTH WCTOYHHMKA W3IyYeHHs; aMIUIUTYAHO-(a30BOe pachpeeieHle Mo KaKAOro W3 HCTOYHHKOB,
OCpPEIHEHHOE 0 BPEMEHH U I0JI0CE; IHEPIHsl CHI'HAJIA KaXKI0T0 HCTOYHMKA; M0JI0Ca YaCTOT, 3aHUMaeMasi H3JIy4eHueM
HUCTOYHUKA (HE 00s3aTEILHO CBsI3HAsA).

OTMeTnM, YTO ONMHCAaHHAs MPOLEAYpa YaCTOTHO-BPEMEHHOTO OOHApYXEHHS MMEET MPOCTON (H3MYeCKuii
cMbIci. Kaxaplii U3 OPOTroB 3a1aeT MHHUMAIIBHYIO YITIOBYHO OJM30CTH JBYX MCTOYHUKOB HM3IYYCHUS, IIPH KOTOPOI
OoOHapYXHUTENb elle OyIeT pa3anyaTh UX Kak pa3Hble. Takas MHTEPIPETAIs CTAHOBUTCS TIOHITHOW M3 OMUCHIBACMO
HIKE METOJIUKU BBIYHCIICHUS YTIIOBBIX KOOPAMHAT.

OmnpenesieHue YyriioBbIX KOOPAMHAT UCTOYHUKA U3JIyYeHU s
Ha 3axmountensHOM 3Tare 0OpabOTKH MO HAWICHHOMY aMIUTUTYXHO-(a30BOMY pacHpemeICHUIO IO 110

ameprype s KaXI0ro HCTOYHHMKA H3IyYCHHs ONPENENAIOTCH a3uMyTaibHbie (f;, M YIIOMECTHBIC ,B jo YraBl
MIPUX0/1a PAAUOBOJHEL J[JIs1 3TOTO BRIUMCIISIETCS pealibHas YacTh CHHTe3npoBaHHoi JIH mo ¢opmymne:
N
Re Dj(am’ Bh): Z Re [an ’ dn (m’h)'gom,h (fj’n)]’
n=0

rae d, (m,h) — auarpamma HanpapjieHHoctH 71 —oif antenns, M = 0... M — 1 — nomep y3na cetkn

nagesenus no asumyty, 4 = 0... H — 1 — nomep ysma ceTku HaBenenms mo yriay mecra, (), h( f j,n) -

IJIOCKOBOJTHOBAsSE MOJeNIbHAs  ¢asupyromas (QyHKIUS, 3aBHcAmas OT KoHpurypanmuu AP. Makcumymy
Re D, (OC
MPUHUMAIOT 10 KPUTECPHIO ONMM30CTH (OPMBI BOJHOBOTO ()POHTA K IUIOCKOMY. JIOCTATOYHBIM YCIOBHEM 3TOTO
COOBITHSI SIBIISICTCS BBIIIOJTHCHUE HEPABEHCTBA

® =arcsing , |1— [ReDj ((on,BjO)]z/ Z‘an
n

ﬂ h) COOTBETCTBYIOT MEICHIM Ha J—bIi HCTOYHHWK [2], pPEIICHHE O AOCTOBEPHOCTH KOTOPBIX

m?

Z'Zd;%(o‘jo’ﬁjo) SE,

rae semunna P umeer cmbicn YIIIOBOTO CPEAHEKBAIPATHYHOTO OTKIOHEHHS W3MEPEHHOIO aMILITUTYIHO—
(ha30BOTO pacipeIeNeH s OT TEOPETHYECKOTO sl IIIOCKOH MOHOXPOMATHIECKOi BOHEL a € — mopor.

BrIBOALI
1. JInst aHTEHHBIX pemeTok ¢ U(PoBOH 0O0pabOTKON CHUTHAJIOB NPEIUIOKEH aJTOPUTM OOHApyXeHHsS U
JIOKaJIM3allii UCTOYHUKOB HU3JIYYCHUS B qaCTOTHOﬁ u BpeMeHHOﬁ o6nacmx B IOJIOCE YaCTOTHOI'O
aHaJIn3a, 3HAYUTCIIBHO HpeBBIIHa}OH_[Cﬁ IIOJIOCY OIMHOYHOT'O CUTHAJIA.
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2. Koppemsimonnsiii anroput™ >QQeKTHBEH KaK IPH OJHOBPEMEHHOM, TaK H TPH IIOCIEI0BATECIHHOM
cheme nHpopmammu ¢ AD pereTKH.

3. To4yHOCTH BpeMEHHOH JOKAIH3AIUH OMPEeIAeTCs NINTEIFHOCTRIO OJHOKPATHOTO cheMa MH(opMaIim
co Bcex AD pemreTky, a TOYHOCTh YaCTOTHOH JIOKAJTM3aIMK COOTBETCTBEHHO paBHAa OOPaTHOW BETHMIMHE
JUTHTEITPHOCTH BPEMEHHOU BBIOOPKH, ITOTydaeMol ¢ ogHOoTO AD.

4. TlpennoxeHa METOAWKA OIEHKH JOCTOBEPHOCTH TMEJCHIOB OOHAPYKECHHBIX CHUTHAIOB II0 KPUTEPHIO
OJM30CTH BOJIHOBOTO ()POHTA IPUHUMACMBIX BOJH K IIIOCKOMY.
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In this paper the algorithm of processing of broadband single-frequency and multi—frequency signals with low
power spectral densities is considered [1]. The considered algorithm uses correlative technique both during search and
localization of signals in time and frequency domains and also during direction finding.

Algorithm of processing in the frequency domain

1. Multi-frequency time-division signals X, (t ) are coherently received and synchronously registered, where n is
antenna aerial (AA) number, ¢ — time count number for all bases formed by reference (n = 0) antenna and by all
remaining antennas (n =1...N).

2. The complex time spectrums of signal Sn ( f ) are computed.

. 2
3. The signal energy spectrum ‘So (fx on the reference AA is determined and frequency count fj with maximal
spectral amplitude is selected.

4. The mutual spectral densities Vn ( f )= Su ( f ) SO ( f ) and the complex coefficients of cross-correlation are
defined by the next expression:

K(r.s)=30.009:0)) [ZR0f -3

The expression (1) is a frequency correlation level averaged in a space area.

v,(r) ()

5. ‘K ( . f ; )‘ are compared with the specified correlation threshold and frequencies with exceeded threshold are
assigned to J -th source signal with it bandwidth 6 f ; determination (0f ; 1s not necessarily continuous).

6. In the bandwidth O f ; there are computed: an = an ( f ) — j - th source signal complex spectral amplitude on

. 2
the n-th AA average in frequency; E, ZZ‘VO ( f )‘ — j-th source energy in Of ; bandwidth;

f = z f- ‘VO ( f 12 / E, —average weighted frequency.

7. Anareaof f ; (not necessarily continuous) is cut out from analyzed band.

Steps 3...7 are repeated until energy of newly detected will become lower than specified threshold level or until

the specified number of detected sources will be exceeded.

After fulfillment of described procedure at the given moment there will be found: number of emission sources;
average weighted frequencies; frequency bands occupied by each of sources (band are not necessarily continuous);
energy of every source. The further processing presumes the following algorithm for detected signals duration
determination.
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Algorithm of processing in the time domain
A. Detection procedure for detection in the frequency domain (steps 1...8) is reiterated in the time domain (which is
not necessarily continuous).
B. After every cycle of reading with a number k =2 and frequency processing the complex coefficients of spectral
amplitudes cross-correlation are defined with aid of formula:

Rkj = Zijn 'Wk*—ljn / \/ Z‘ijn i 'Z‘Wk—l‘m

If ‘Rkj‘ exceeds the threshold, the decision about emission activity on f ; is made.

2

2

D. The averaged in time complex spectral amplitudes an =W, +W, which are used as amplitudes Wk

kjn k=1jn> —ljn

during the next (in time) cycle (steps B...D), are determined.

E. When correlation module ‘Rkj‘ decreases lower than threshold level the decision is made about changes in the

state of source at frequency fj .

F. The steps A...E for each of detected sources is repeated till its state will be changed or till the specified threshold
number of averaging in time will be exceeded.

As a result of described procedure there are additionally determined: emission source activity duration; every
source field amplitude-phase distribution averaged in the time and in the frequency band; every source signal energy;
frequency band occupied by emission of source (the band is not necessarily continuous). It should be noted that
described above procedure of detection in the time and frequency domains possesses a simple physical sense. Each of
thresholds specifies the minimal angular proximity of two-emission sources when detector still can distinguish these
sources as different ones. Such interpretation become more understandable from described below procedure of the
angular coordinate computation.

Determination of emission source angular coordinates
At the final stage of processing the azimuth ¢, and elevation B jo angles of radio wave arrivals are determined from
previously obtained amplitude-phase distribution of the field on the aperture an . With this purpose the real part of
synthesized antenna pattern is computed with use of the formula:
. N . _—
Re Dj(am > ﬂh ): 2 Re [an ’ dn (m’h)' @i (fj’n)]’

n=0

where d (m,h) is n-th antenna pattern; m = 0..M — 1 are numbers of azimuth grid nodes; (3 (fj,n) is

plane wave modeling phasing function dependent on antenna array configuration. Maximum of Re Dj (Ocm R ﬁ,l)

corresponds to j-th source bearing [2]; decision about credibility of these bearings is made in accordance with criterion
of wave front form proximity with the plane wave front. A sufficiently conditions for this event concludes the
fulfillment of an inequality:

® =arcsin \/1—[ReDj(ajO,ﬁjO)]z/[Z‘an 2 _zdnz(ajo,ﬁjo)] <eg,

where meaning of @ value is root-mean-square deviation of measured amplitude-phase distribution from theoretical
data for case of plane monochromatic wave; € is a threshold.

Conclusions
1. For antenna arrays with digital signal processing, the algorithm is suggested for emission sources detection and
localization in the frequency and time domains with the frequency analysis band, which essentially exceeds the
single signal band.
2. The correlative algorithm is quite efficient both for simultaneous and serial reading of information from the AAs.
3. The accuracy of the time localization is defined by duration of a single reading of information from all AAs; the
accuracy of the frequency localization is equal respectively to inverse value of time sample duration from one AE
4. The procedure is proposed for signal bearing credibility evaluation with using the criterion of received wave front
proximity to plane wave front.
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