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PaccMoTpeHbl MeTO/BI OMpENEeIeHUs] KOOPAUHAT MCTOYHMKA 3BYKA JUIS
yIpaBIICHUST MOOWJIBHBIMH pOOOTaMHW HA OCHOBE NMPUMEHEHUS MHUKPO(POHHBIX
PEMIETKH U MIPOCTPAHCTBEHHOW (UIIBTPALIMU 3BYKOBBIX CUTHAIOB. OnpeeeHo,
9TO HamOoJiee TEPCICKTUBHBIM  SBISICTCS  NMPUMEHEHHE  (a3supyeMoi
aKyCTHYECKON pellleTka ¢ MPOCTPaHCTBEHHOHN (uibTpanueii meromom Delay-

and-sum 6umdopMuHTa.

B mocnennee BpeMs, B CBSI3U C OypHBIM DPa3BUTHEM BBIYUCIHTEIHLHON
TEXHUKH, B HAYYHOU Cpe/ie MOSBHWIOCh MHOKECTBO ITyOJIMKAIIMM, CBS3aHHBIX C
TaKOW 00JIaCThI0 3HAHWUM, KaK KOMIIBIOTEPHOE 3pEHHE. OJTa HaIpaBJICHUE
0€3yCJIIOBHO BaXKHO ISl MPOEKTUPOBAHUS M MOCTPOCHUS MOOWJIBHBIX POOOTOB.
OnHako HEe3acIy:KEHHO Majl0o BHUMAHUS YIEIAETCS «KOMITBIOTEPHOMY CIIYXY», C
MOMOIIBI0O KOTOPOTO0 MOOWIBHBIM POOOT TakKKe€ MOXET IOoJy4aTh OOJIBIIOE
KOJMYEeCTBO HH(popManuu 00 okpyxatomeMm wmupe. [lpu stom, Hapsmy c
uHopmarent coaepxamieiics B caMOM 3BYKOBOM CHUTHAJIC, LIEHHBIMH MOTYT
0Ka3aThCsl CBEJCHHUS O MOJIOKCHUH UCTOUHHMKA 3BYKA B MPOCTPAHCTRE.

3afada onpenesieHus KOOPAMHAT UCTOYHHKA 3BYyKa MOXKET OBITh pelleHa
IPUMEHEHUEM METOJIOB MPOCTpaHCTBeHHOM dunbTpanuu. [IpocTpancTBeHHAs
(GUIBTpALHAS — ATO MPOIIECC BHIICICHUS CUTHAIOB, IPUXOIAIINX C KEIATeIbHbBIX
HarpaBJIeHUH, W TIOJABJICHUS CHUTHAJIOB, MPUXOJAININX C HeXeJaTeIbHbIX

HanpaBJIeHU U3 HAbopa BCEX PErUCTPUPYEMBIX CUTHAJIOB.



[IpousBecT  MPOCTPAHCTBEHHYIO  (PUIBTpALMIO W OMNPEACTUThH
PAaCIOJIOKEHUE MCTOYHUKOB 3BYKa BO3MOKHO C HCIIOJIb30BAHUEM HECKOJIBKUX
noaxoaoB. CaMbIM NPOCTBIM M3 HHX SIBJISETCS S3KpaHupoBaHue. [IpuHumn
paboThl Takoro (uIbTpa NpeacTaBiieH Ha pucyHke 1. Ha pucynke nzoOpaxeH
JATYUK, IIOYTH TIOJIHOCTBIO OKPYXKEHHBI HKpaHOM. OKpaH I03BOJISIET
peA0TBPaTUTh COOp MH(OpPMAIMU AATYUKOM CO BCEX HaIpaBJICHHUM, Kpome
xemnaemoro. IIoBOpOTOM 5KpaHa BOKPYT OCH BO3MOXXHO CKaHUPOBAaHME
OKpY’KAIOLIero MPOCTPAHCTBA M TakuUM OOpa3oM ONpENessiTh HalpaBlICHUE

HaXO0KICHHA NCTOYHHKA 3BYKaA.

[laTumkK

OKpaH
Puc. 1. IIpocTpancTBeHHast (pUIbTpaLysi C HCIOJIb30BAHUEM

9KpPaHHUPOBAHUA.

He cMOTps Ha mpOCTOTY OMMCAHHOIO BBINIE MOJX0J]Ia, €r0 MPUMEHEHUE
OTPAaHUYECHHO PAJIOM HEIOCTATKOB, TAaKWX KaK: OIPAaHMYEHHAash CKOPOCTh
CKaHUPOBAHUS TMPOCTPAHCTBA, HEBO3MOXHOCTh OJIHOBPEMEHHON  OILICHKH
CUTHAJIOB C pa3JMYHBIX HAIMpaBJICHUM, a TaKXe HaJu4ue B CHCTEME
JIBUKYIIIUXCST YACTEM.

bonee ruOkMM TOAXOAOM, KOTOPBIM HE HMMEET IMEPEUMCIICHHBIC BHIIIC
HEJIOCTAaTKM, SBJISETCS TpyIIa METOJ0B, OCHOBaHHBIX Ha 00paboTKe
nH(pOpPMAIUU ¢ MacCUBa JATYUKOB, OTIPEICIICHHBIM 00pa30M PacIiOIOKEHHBIX B

IMPOCTPAHCTBE. ['nOKkocTh TakoTO noaxoga 3aKjiIro4acTCa B BO3MOKHOCTH CMCHBI



KEJIaeMOTO HaIpaBJICHUS UYYBCTBUTEJIBHOCTH CHUCTEMbl MOHUTOpUHIa 03
U3MEHEHUS €€ PU3HUECKUX XapaKTePUCTHK.

MaccuB 1aT4MKOB, MCIIONIb3YEMBbIN Il MPOCTPAHCTBEHHOW (PHIIbTpaluu
3BYKOBBIX  CHUTHAJOB, OOBIYHO  HA3bIBAIOT MHUKPO(DOHHOU  pemETKOM.
MukpogoHbl B TakuxX peHieTkax MOXKHO pacrojiaraTb B IPOCTPAHCTBE
pPa3IUYHBIMU CIIOCOOAMM, KOTOpbIE Ha3bIBalOT KoH(purypauusamu. IIpuuem
BOXHOU XapaKTEPUCTUKON KOH(UTYpallUU ABJISETCA €€ Pa3MEPHOCTb, O KOTOPOM
MOXHO CYIOUTh IO pPa3MEPHOCTH (DUTYpPBI, COCTABICHHOW W3 JIaTYUKOB.
OpnHomepHasi, AByMEpHas WIM TpEXMEpHas peuieTka MO3BOJSET ONpPEAeIsTh
IIOJIO)KEHUE MCTOYHHMKA 3BYKA B OJHOMEPHOM, IBYMEPHOM M TPEXMEPHOM
IIPOCTPAHCTBAaX COOTBETCTBEHHO. Ha pucyHke 2 mnpuBeneHBI HEKOTOPHIE

IpUMEPBI BO3MOXKHBIX KOHPUTypaIuii.
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Puc. 2. Paznuunbie BUIbI KOHPUTYypauil MUKPO()OHHBIX PEHIETOK:

a— HHHCﬁHaﬂ; 0— KpyroBasi; B — ClIMpaJIbHaA; I — paHJOMU3UPOBAHHAs.

Ot BeIOpanHO#M KOH(DUTypaluu MUKPO(OHOB B pelIeTke OyAyT 3aBUCETh
HEKOTOphle ee xapaktepuctuku [1]. [lpumenenne MUKpPOGOHHBIX PEIIETOK
JeNaeT  BO3MOXHBIM  TPUMEHEHHE  pa3IMyHBIX METOAOB  0OpabOTKH

uHpopmanmu. OAHUM U3 TaKUX METOJIOB SIBJISIETCS aKycTHUYecKas ronorpadus B



ommwkuem moste (anri. near-field acoustic holography, cokp. NAH). Kak BuaHO
W3 Ha3BaHWs, JAHHBIA METOJl MPUMEHUM B OJIMDKHEM I0JIe MCTOYHHKA 3BYKA,
O]l KOTOPHIM IMOHUMAETCA Ta 00JIACTh MPOCTPAHCTBA, B KOTOPOW 3BYKOBBIE
BOJIHBI, M3JIy4aeMble OSTHUM HCTOYHHKOM, MOTYT OBITh PAcCCMOTPEHBI Kak
cheprueckre. OOBIYHO B OJMKHEE IMOJIE BXOJUT 00JIACTh, HAXOJAIIASICS OT
UCTOYHUKA 3BYKa Ha PacCTOSHUM He Ooiiee yeMm 1-2 JuIMH paccMaTpuUBacMbIX
3BYKOBBIX BOJIH [1].

Hpyroii meton mojn Ha3BanueM OummMdopmunr (anrn. beamforming —
nydedopmMupoBanue) Oazupyercss Ha TMPENANONONKEHUH O TUIOCKOH (dopme
BOCIIPUHMMAEMBIX 3BYKOBBIX BOJIH. MICXO/s1 U3 3TOTO, MOKHO TOBOPHUTH O TOM,
4YTO 3TOT METOJ NpuMeHseTcs B AanbHem mosie (anri. far-field), xkotopbim
OPUHATO CYMTATh OOJAacTh 3a TMpeleiaaMHu MPUMEPHO CEMHU JJIMH BOJH OT
UCTOYHHUKA 3ByKa [1].

Beimensiror Tpu ocHoBHbIX THma Oumdopmuura [3]: Delay-and-sum
OMMOOPMHUHT; CHEKTPATBLHBIA OMMQpOPMUHT; TMapaMeTpUUEeCKUii OUMGOPMUHT
Delay-and-sum OumMdopmunr Hambosee MmpocT B peanusaiuu. Ero pabota
CXEMaTUYHO TpEJCTaBieHa Ha pucyHKe 3. DpOHT IUIOCKON BOJHBI MaaaeT Ha
IUIOCKOCTh PEIIETKH, cocTosimeld u3 MuUkpodpoHOB ml-m4 mox yriom L.
Curnainsl mogy4aemble ¢ ITHX MUKPO(POHOB MOCTYMAIOT HA SJIEMEHTHI 33I€PKKH
¢ BpeMeHamu 3aaepkku T1-T4, mocne dero Bce curHanbl cymmupyrorcs. U3
pUCYHKa 3 BHJIHO, YTO BpeMs 3aJEPKKH MEXAY CHTHAIAMU C MHUKPO(OHOB
3aBHCHUT yrja IMaJeHusi (pPOHTAa BOJHBI, a TaK)Ke OT PACCTOSHUS MEXIY
MUKpO(OHaMU, T. K. PPOHT JOCTUTAET KAXKIABIM M3 MUKPO(POHOB MOOYEPETHO.
Ecim momoOpate 3amepkku T1-T4 takum 00pazom, 4yTOOBI KOMIIEHCHPOBAThH
BpeMsI pacpOCTPaHEHHsI BOJTHBI MEXAY MUKPO(GOHAMHU, TO CUTHAIIBI Ha BBIXOJIE
9JIEMEHTOB 3a/ICPKKU OYIyT CHH(PA3HBIMH U TIPH MOCIICTYIOIEM CyMMHPOBAHUH
JanyT YCWJICHHE KpaTHOe 4YHuciay MHUKpopoHOB. Mcxoas W3 3TOro, MOXKHO
TOOUTHCST BBICOKOW UYBCTBUTEIHLHOCTH CHCTEMBI K CHUTHAJIAM TPUXOJSAIIAM C

YKEJAeMOr0o HalpaBJIEHUs IIyTEM PEryJIUpoBKH 3aaepxek T1-T4.



Puc. 3. Delay-and-sum oumpopmuHr

s 3anepxkex T1-T, paBHBIX HYJIO, 3aBUCUMOCTH aMIUTUTY/IbI BBIXOTHOTO
curHasia OuMmdopmepa OT yrja MajJeHUs 3BYKOBOM BOJHBI HA MUKPO(POHHYIO

PEIIETKY, 3alMChIBACTCS B BUJC BhIpaxeHHs [2]:
N-1

j2m-fri-l'sin(0)
y@ =y e ¢ ®)
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rae: N — uncino mukpodoHoB B pemietke; | — paccTosare Mexay MukpodoHamu;
C — CKOpPOCTh 3BYKa; O — yroi najieausi GpoHTA BOJTHBI 10 OTHOIIECHUIO K
IUIOCKOCTH PELIETKHU.

Ha pucynke 4. mnpencrtaBieH rpadux 3aBucumoctu (1). I'padux
JEMOHCTPUPYET HAIMYKUE Y CHUCTEMbl HANpaBICHUIO H30MPATENBHOCTh, TakK
UMEET MECTO CYIIECTBEHHO YBEIMYEHHUE aMIUTUTYAbl BBIXOJHOTO CHUTHAJa MPH
HYJIEBOM YTJIE NaJeHUsI (PPOHTA BOJIHBI 10 OTHOUIEHUIO K IJIOCKOCTHU PELETKU B

CPaBHEHMH C CUTHAJIAMU C IPYTUX HAIPABICHUM.



B8, rpagycel

Puc. 4. 3aBHCHMOCTh BBIXOHOTO CHTHAJIA OT yIJja IMaacHus GpoHTa
3BykoBo# BosiHbl ipu = 1000 k[, =04 MuN=4

Takum oOpazom, HauOosiee MEPCHEKTUBHBIM CIOCOOOM OTMpeaeIeHUs
KOOpJIMHAT WCTOYHMKA 3BYKa ISl «OYYBCTBJICHHS» MOOWIBHBIX POOOTOB
SBISICTCS ~ TpUMEHEHHWEe  (asupyeMod  aKyCTHYECKOW  pemeTka ¢
IPOCTPAHCTBEHHOM (rmbTpanueii metogom Delay-and-sum 6umdopmumnra.
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