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MHOro(pyHKIIMOHAJIbHAS CEMCMOAKYCTHYECKAs
HH(GOPMALIMOHHO-U3MEPUTEIbHAS CHCTEMA
IJISE OOHAPYKEHUS ABUKYIIMXCH HA3eMHBIX 00bEKTOB

H.C. AKuHmqu, A memosl, B.JI. Menvuuros®

Y40 «I{enmpanvhoe Koncmpykmopckoe Giopo annapamocmpoenusy,
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Co3ganne wHpopManuoHHO-m3MeputenbHoi cuctembl (MUC), peanmsyromeit
MIPUHONI MHOTOKAaHAJIBHON 00pabOTKH, MO3BOJHMT HCIIOJIB30BATh €€ KaK JIOKAIBHYIO
Pa3HOCTHO-/TAILHOMEPHYIO CHCTEMY C YBEJIMUCHHOW NalbHOCTHIO OOHAPY)KEHMs, CIIO-
COOHYIO ONpeneNsATh TEeKyIIHe IOJSPHbIE KOOPAWHATHI IBHXKYIIMXCS OIMHOUYHBIX H
IPYTIIOBBIX OOBEKTOB.

IIpennoxxena crpykrypa MMC B Bue aHTEHHON PELIETKH C aJalTHBHONW 00paboT-
KOI MH(pOpMAaIuK, MOCTyNaoNed 0T OJUHOYHBIX IpUeMHHUKOB. KoopauHatel onpese-
JISIOTCST Pa3HOCTHO-1aTbHOMEPHBIM METOJIOM C Y4E€TOM BeTpa IPH HCIOJIB30BAHHUHU aJl-
ropurma HeioToHa. TeopeTHueckn n SKCIEepUMEHTATBHO MPOBEPEHBI METOIBI PEIICHHS
3a71a4M OmpeJiesieHNs1 MecTononoxeHus oovekra st MUC, cocrosimmx U3 N npueMHu-
KOB, I10 TOYHOCTH OnpeeneHus koopauHat. [TokazaHo, 4To ¢ yBeJIMUEHHEM Yucia JlaT-
ynkoB MM C yBenmumnBaeTcs AaabHOCTh OOHAPYKEHUS ABHKYIIETOCsS OOBEKTa.

Pazpaborannas crpykrypa UMC no3BossieT peann3oBarh MPUHINI MHOTOKAHAIIb-
HON 00paboTku. CyTh NMPHHIMIA — B IMPUMEHEHHH HECKOJBKUX OJIMHOYHBIX CeHCMO-
aKyCTUYECKUX MPUEMHHKOB, PAa3HECEHHBIX APYr OT Apyra Ha HEKOTOPOH IoIagu U
KOHCTPYKTUBHO OOBEIMHEHHBIX C MOMOIINBIO IIEHTPAJIHHOTO MpHOOpa B MHOTOITYHKT-
HYIO CHCTEMY, (QYHKIIMOHUPYIOLIYIO B €INHOM MacIITabe BpeMeHH.

Kntouegvie cnosa: pa3sHOCTHO-IANbHOMEPHAs CHCTEMa; aHTEHHAs peIIeTKa; oOHapyKeHHe
00BEKTOB.

© H.C. Axunmu, [I.A. Xowmskos, B.JI. Menbmukos, 2018
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Multifunctional Seismic-Acoustic Information-Measuring System
for Detecting Moving Ground Objects
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23rd Central Research Institute of the Ministry of Defence of Russia,
Moscow, Russia
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Creation of the information-measuring system (IMS), in which the principle of
multichannel processing is implemented, will allow using it as a local differential-
distance system with an increased distance of detection, capable of determining current
polar coordinates of moving single and group objects.

The structure of the IMS in the form of an antenna array with adaptive processing
of the information, coming from a single receiver, has been proposed. The coordinates
have been determined by the differential-distance method taking into account the wind
when using the Newton algorithm. The theoretical and experimental verification of the
methods for solving the problem of determining the object location for IMS, consisting
of receivers in the accuracy of determining the coordinates, has been carried out. It has
been shown that with increasing the number of the IMS sensors the detection range of
moving objects increases.

The developed IMS structure allows an implementation of the multichannel pro-
cessing principle, the essence of which consists in application of a few single seismic-
acoustic receivers distributed with respect to each other on a certain area and construc-
tively combined using the central device into a multipoint system, functioning in the
single time scale.

Keywords: differential-distance measuring system; antenna array; detection of objects.

For citation: Akinshin N.S., Khomyakov D.A., Menshikov V.L. Multifunctional seismic-
acoustic information-measuring system for detecting moving ground objects // Proc. of Universities.
Electronics. — 2018. — Vol. 23. — Ne 1. — P. 98-102. DOI: 10.24151/1561-5405-2018-23-1-98-102

s pemeHust 3agaun oOHApYKEHUs, PACIIO3HABAHUS U OIIPEENICHUS MECTOIOIOKEHUS pa3iIny-
HBIX THUIIOB OOBEKTOB C MOMOIIBI0 MHOTO()YHKIIMOHAIBHON CEHCMOaKyCTHUECKOW MH(POPMAIIMOHHO-
n3meputensHoi cucteMsl (MUC) B Hell gomkeH ObITh peann30BaH MPUHIMI MHOTOKaHAIBHOM 00pa-
o6otkn [1, 2]. Cozpmanme Ttakoii MWC mO3BOMUT HCHOIB30BaTh €€ KakK JIOKAJIBHYIO Pa3HOCTHO-
JATbHOMEPHYIO CUCTEMY C YBEIMYCHHOW JalbHOCTBIO OOHApY>KEHHS, CIIOCOOHYIO OTPEACISITh TEKY-
ITUE TOJIPHBIC KOOPIUHATHI IBIKYIIMXCA OAMHOYHBIX U TPYNIOBBIX 00BEKTOB [2]. B kauecTBe Takoi
NNC moxHO BBIOpaTh aHTEHHYIO PEIIETKY C aJalTUBHONH 00paboTKoi MH(pOpMauuy, MocTynaromen
OT OJIMHOYHBIX MPUEMHHKOB [3—5]. O000IeHHast CTPYKTYpHasi cxeMa N-3JIeMEHTHON aIaliTUBHOM aH-
TEHHOH peleTKH MPUBECHA Ha PUCYHKE.

OCHOBHBIM MapaMeTpoM OOBEKTa B Pa3HOCTHO-IAIBHOMEPHOH cUCTeMe SIBISIETCS Pa3HOCTh
naneHOCcTer P = Dy — D,, tme D; u D, — paccTosiHus OT 00BEKTa 10 TOYSK YCTAHOBKU OJMHOYHBIX
ceificMOaKyCTUYeCKUX MPUEMHUKOB. BripasuB 3Hauenus mampHOcTedl D; m D, uepe3 koopauHatel
ceiicMoakycTudeckux nmpueMHUKoB (Xy, Y1) u (X3, Y,) u 00bekTa, 3aanHoro Toukoi 1] ¢ koopaunara-
MH (X, Yip), HOJIyYUM HCXOJHOE ypaBHEHHE JIMHUH MONOKEHUS (TUepOoIbl):

YO = X024 (Y =) = (Xy = X)2 + (Vg —Y5)% = p,
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O0600meHHas CTPYKTypHas cxeMa N-3JIeMEeHTHOH aJanTHBHOM aHTeHHOH pemetku: [p; — aky-
crayeckue (ceiicmuueckue) npueMHnkd; Wi — ycTpoiicTBa, peaan3yromune BBeICHHE COOTBET-
CTBYIOIINX BECOBBIX KO3()(HUIIMEHTOB IO KaHajaM MpPHEMa; £ — CYMMHUPYIOIIEE yCTPOMCTRO;
Xi(t) — BBIXO[HBIC CHTHAJIBI C IPHEMHHUKOB
Generalized block diagram of an n-element adaptive antenna array: IIp; — acoustic (seismic)
receivers; W; — wireless devices implementing setup of appropriate weighting factors for the
channels reception; X —totalizer; x;(t) — output signals from receivers

rne p=C(t;—t;); C — CKOPOCTH pacCIpOCTPaHEHHS] AaKyCTHYECKOH (CEHCMHUYECKOM) BOJHBL,
t;, t, — BpeMs mpuxona nepeaHero (GpoHTa aKyCTUUECKOil (ceficMUuecKoil) BOJIHBI K ceiicMOaKyCTH-
4yecKuM npueMHukaM M; u M, cooTBeTCTBEHHO.

Cucrema ypaBHCHI/Iﬁ AJIsL pCHICHHUA 3adadu  OHNpCACICHUA MCECTOIIOJIOKCHUSA Pa3HOCTHO-
JaJIbHOMEPHBIM METOAOM IIPpU HAJIUYHU TPEX NPUEMHUKOB UMECT BUL

\/(XLI - X1)2 + (YL[ —Yl)z _\/(XH - XZ)Z +(YLI —Y2)2 =py,

JO0 = X002 + (Y = ¥0)? = (X = X)? + (¥ —Y5)? = Py

[py HaMYKH BETPa MPOMCXOUT CMEIEHHE IIEHTPa cHePHIECKOi 3ByKOBOI BOJIHBI M BETHUMHBI
C(t,—t,) u C(t; —t3), HemoCpeACTBEHHO M3MEpsieMbIe C MOMOIIBI0 aKyCTHYECKO ammaparypsl, He
OyayT SIBIAThCS mapaMerpamu oObekTa LI, MOCKOIbKY OHH COOTBETCTBYIOT Pa3HOCTSIM PACCTOSHHI
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M;L; — ML, u ML — M3ll; u He XapakTepu3yroT HCTHHHBIX JTHHHI onoxeHns. Heobxoaumo B

KaueCcTBE €IIe OJJHOI0 HEM3BECTHOTO IMapaMeTpa BBECTH 3HAYCHHE MOMEHTA IMOSIBIICHUS 00BeKkTa t,.
Torma ncxomHast cucTeMa ypaBHEHHUH TSl TPEX CEMCMOAaKyCTHIECKIX IPUEMHUKOB HMEET BUJT

[XLI — Xy +Weosa,(l _to)] “+ [Yu =Yy +Wsina,, (4 _to)] 2= py,
[X 1 = X, +W o5 0ty (t —t,)] 2 [y = Yo +W sina, (t; —t,)] >= p,. )
[X1g = X +W cos au, (t; —t, )] 4+ Yy =Yg +W sinay, (t; —t,)] >= ps,

Trac pl :C(tl _tO) X p2 = C(t2 —to) ; p3 :C(t3 —to) .
[puBeeHHYIO cUCTEMy ypaBHEHHH MOXKHO mnpencraButh kak F(X;) =0, rae i — Homep mepe-

MeHHOH. Pemenne cuctemsl Tumna (1) MOXKeT OBITh OCYILIECTBICHO M B SBHOM BHUE, HAIPUMEDP METO-
TIOM JTMHeapu3anuu [3].

Mertoapl pemieHHs 3afadd OIpeneieHUus MecTomojokeHus oObekta mia MUC, cocrosmux
13 N IPUEMHHUKOB, TEOPETUYECKU U IKCIIEPUMEHTANBHO MTPOBEPEHBI, B TOM YHCJIE [0 TOYHOCTH OIpe-
JeJIeHUs] KOOpAuHAT. B pe3ynbrare MpoBepKU YCTaHOBJIEHO, YTO ¢ noMolbto onnoit UUC ynosnerBo-
PUTETFHO MOJKET PemIaThCs 3aJa4a TOJIBKO OINpeneieHrs meneHra. [Ipu sToM cpegHexBaapaTHIHAS
omuOKa ero BBIYMCIICHUS 10 SKCIIEPUMEHTAILHBIM TaHHBIM (TaOJIMIa) COCTABISECT OJUH Tpaayc Ipu
paaunyce pacCTaHOBKH IISITU OJAMHOYHBIX aKyCTHYECKUX MPUEMHHUKOB 25 M. YBeIHUEHUE paguyca pac-
cTaHoBKH 710 50 M MPUBOIUT K YMEHBIIIEHHIO OITUOKH B JIBa pa3a.

Omuoku onpeneneHns NejaeHra Ha ABHKYLIMIicA 00bEKT, MOJy4eHHbIe
B X0/l¢ HATYPHBIX HcNbITaHUi akycTHyeckoid HUC

Error of determination of bearing on a moving object obtained during field testing of acoustic devices,
consisting of 5 single acoustic receivers

JlanbHOCTH HcTtunHoe OmeiT 1 OmepiT 2 OmepiT 3 OmbiT 4

I[o 06;eKTa’ H:iréiaeiji?};ﬁzﬂ G’I/BM Aa u’I/I3M A(X’ u’l/l3M A(X’ aPBM Aa
200 241 241 0 241 0 241 0 241 0
246 264 263 -1 261 -2 262 -2 — —
346 278 278 0 279 1 278 0 276 -2
401 287 284 -3 287 0 288 1 283 -4
499 290 289 -1 289 -1 291 1 290 0
584 293 293 0 — — 293 0 291 -2
678 297 296 -1 296 -1 296 -1 298 1
775 299 298 -1 — — 300 1 297 —2
869 301 — — 301 0 — — — —

HpuMeltaHue. Olyzy — UBMEPCHHOC 3HAYCHUE TICJICHT A, Ao — MOTPEIIHOCTE U3MEPECHUS TICJICHTA.

Haunbonee cnoxHbIM sSBISETCS pELICHUE 3a1a4d OOHApYXEHHUs, PACIIO3HABAHUS U ONpPEICTICHUS
KOJINYECTBA PAa3HOTHUIIHBIX OJJMHOYHBIX OOBEKTOB B COCTABE TPYIIIOBOIO OOBEKTa. ITO OTHOCHTCS K
JBIDKYIIMMCSL ¥ HENOJBIDKHBIM O0OBEKTaM, B TOM YHCJE K CTPEJSIONINM apTHUIEPUIHCKIM W MUHO-
METHBIM Oatapesim.

IIpeaBapurenbHas OllEHKA JAIBHOCTH OOHapy)eHus: 00bekToB D npu ucnonszosanun UUC mo-

JKET OBITh MPOBEJACHA C IMOMOIIBID CJICIYIOIIUX 3aBUCUMOCTEH: D=da\/ﬁ ; D=d.n, rme

da, dc — MANMBHOCTH OOHAPYKEHUSI OJTHOKOMIIOHEHTHBIX aKyCTHUECKHX U CEHCMUUYECKHX MPUEMHHKOB
COOTBETCTBEHHO; N — KOJIMUECTBO aKyCTHYECKHX U CEHCMUUECKUX PUEMHHUKOB.

OKCTepUMeHTaIbHbIE JaHHBIE MO AATFHOCTH OOHApY)XEHHA 10 aKyCTHYeCKOMY CHTHAIy Clle-
nytomue: npu onHoM natunke — 200 m, npu 1B8yx — 230 M, Tpex — 250 M, uetsipex — 500 M, nsTH —
870 m. IlonmydeHHbIe AaHHBIE CBHICTEIBCTBYIOT O TOM, YTO IPH KOJMYECTBE JATYMKOB B COCTaBe
NUC, pasaom 20, u gansHOCTH 00HapysxeHus oguHouHoit MMC 300 M cymmapHas 1ajdbHOCTh OOHa-
PYXKEHHS 110 aKyCTHYECKOMY CUTHAJy MOXKET cocTaBuTh 1,3—1,4 kM, 10 celicMuueckomy — 6—8 kM.
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Takum o0paszoM, A7 peleHus 3a1add oOHapy>KeHHUsI 1 ONpeieTIeHHs] MECTOIONIOKEHHST Pa3INIHBIX
TUIIOB OOBEKTOB C TIOMOIIBIO OTHON MHOTO(YHKITOHaIbHOU cericmoakyctuieckoi MNC mpeanmaraercs
peann30BaTh MPUHIIAIT MHOTOKaHAIBHON 00paboTku. CyIIHOCTh JaHHOTO MPHHIIMIIA COCTOUT B IPUMEHE-
HHUW HECKOJIBKUX OJIMHOYHBIX CEHCMOAKYCTHUECKMX MMPUEMHHKOB, Pa3HECEHHBIX APYT OT Apyra Ha HEKo-
TOPOH IIIOMAAN ¥ KOHCTPYKTHBHO OOBEITHEHHBIX C TIOMOIIBIO IIEHTpaTbHOro mprudopa (6:okxa 06padboT-
K{) B MHOTOITyHKTHYIO CHUCTEMY, (DYHKIMOHHPYIOIIYIO B €IWHOM MacmiTadbe Bpemenu. [lpum stom c
YBEIMYCHUEM YHCIIa JATYMKOB YBEITMUMBACTCS TATTBHOCTh OOHAPYKEHHU 00BEKTa.
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