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Mojens oBITpAHOTO cepeoBuia Ta 3D peanizaiis
CUCTEMH MEJICHTaIlli

B cratbe paccMarpuBaroTCs TEOPETUYECKUE W MPAKTHYECKHE BOMPOCHI MOCTPOECHMS CHCTEMBbI IenieHranuu (T.e.
OIpe/IeIEHNs HAaIIPaBJIEHHsl HA UCTOYHMK B TPEX M3MEPEHUSX) CIalbIX 3BYKOBBIX KOJIEOaHMI B BO3IYIIHOH cpere.
[puBoMTCS CTPYKTYpa TEXHUUECKON Pean3alii CHCTEMbI TIeJICHTaIlH, TIO3BOJISFOIIAS BBIICIUTH CIIa0bIid 3BYKOBOM
curHai (He o0s3aTeNbHO roJI0C YesioBeKka) Ha ()OHEe MOMEX PasIMYHOIO BHJIA, B TOM YHCIIE MOMEX, CO3AIOLIUXCS
ABIDKCHUEM BO3aYyXa. Cucrema OpPUEHTHUPOBAHA Ha IPUMCHCHHEC B IIOABUIKHbBIX p060Tax.

KuroueBble cjioBa: meneHranys, 3ByKOBOM CUTHaJ, poOOT, OMHAYpaIbHBIN CITyX.

In the article the theoretical and practical questions of construction of the system of direction-finding (i.e.
direction-findings of a source in three dimensions) of weak voice vibrations in an air environment are
examined. The structure of technical realization of the system of direction-finding, allowing to distinguish a
weak acoustical signal (not only voice of a human being) on the background of the hindrances of different
kind is done, including hindrances created by motion of air. The system is oriented to application in mobile
robots.

Key words: direction finding, acoustical signal, robot, binaural hearing.

VY cTarTi po3riIsSIAr0OThCS TEOPETUYHI 1 MPAKTUYHI MUTAHHS TMOOYJIOBH CHCTEMH IEJICHTAIll (TOOTO BU3HAYCHHS
HarpsMy Ha JDKEPENo B TPhOX BUMIpax) ClIaOKHUX 3BYKOBHX KOJMBaHb B MOBITPSHOMY cepenoBuili. HaBomutscs
CTPYKTYpa TEXHIYHOI peami3amii CHCTEMH MeJIeHramii, 0 J03BOJIsIE BUAUINTH CIaOKWil 3BYKOBUI CHrHAN (HE
000B’S3KOBO TOJIOC JIFOAWHM) HA T MEPEIIKO] PI3HOTO BUAY, Y TOMY YHCIHI HEPEUIKO THX, IO CTBOPIOIOTHCS
pyxoMm noBiTpsi. CHcTeMa OpieHTOBaHa Ha 3aCTOCYBAaHHS B PyXJIMBUX POOOTaX.

KurouoBi cjioBa: nenenraiis, 38yKOBUI CUTHaI, poOOT, O1HaypalbHUMN CITyX.

BBenenue

CylecTByeT MHOXECTBO MOJIENIEH PACIPOCTPAHEHUS! 3BYKOBOI'O CHUTHAIA B BO3AYILHOU
cpene, KOTOpbIE YYMTBIBAHOT MHOXKECTBO IAPaMETPOB Cpenbl. B crily MHOKECTBEHHOCTH I1a-
paMeTpoOB 3T MOJIENIM XOPOIIU JJIsi TEOPETUUECKUX PACCYXACHUM, HO Majo MPUTOIHBI JUIS
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NpaKTHYEeCKUX pacyeToB. HamprmMep, oHu He yuuThIBalOT BiMsiHUE BeTpa. [lpu stom criemyer
YUUTBIBATh, YTO BETEP €CTh BCErZa U Be3Jle, HO pa3HoW cuiibl. ClieyeT TakKe YUUThIBaTh, YTO
BETEp 3aCTaBJISIET KOJIEOATHCsI MeMOpaHy MUKpO(OHA Kak TMOJT AEWCTBUEM 3BYKOBOTO JaBJICHNUS,
TaK W TOJ] ACHCTBHEM MOTOKA BO3ayxa. OOBIYHO CHITy BETpa MU3MEPSIOT APYTUMHU MIPUOOpaMH,
HaIpuUMep aHEMOMETPaMHU, U MOJIYYCHHbIC U3MEPEHUS BBOJIST B MOJIEIb CPEJIbl WM B KOH-
KpeTHble ipubopsl. [Ipennaraercs pelieHre, mo3BOJSIOIIEE HE TPOU3BOAUTH U3MEPEHUE CHITBI
BETPa, HO YYUTHIBATH €0 BIUSHUE HAa 3ByKOBOW CUTHAJL.

Mopenu 1 3KCNEpUMEHTHI B BO3AYIIIHOU Cpee

W3BecTHas TpexmepHas MOZENb PAaCIpOCTPAHEHUS 3BYKOBOW BOJIHBI B OJHOPOIHOM
BO3IYIIHOM CpENe, HAXONAILLEHUCA B COCTOSHMM IIOKOS M HE MMEIOLIEH PE3OHATOPOB U pe-
BepOEpaToOpoOB, [JIsi OAHOTO HEMOABUKHOIO UCTOYHHKA, CO3AOIIEr0 3BYKOBOE JIaBICHUE P U
CKOpPOCTEW PACIIPOCTPAHEHNS BOJIHBI U, V U W 10 KOOPIAMHATAM X, Y, Z C ITIOTHOCTBIO BO3yXa p
¥ DJIACTUYHOCTH BO3ayXa K, uMeer BHI:

du dp _,. 1

Pt Tax (D

dv dp

_+_:0; 2

Pt " dy (2)

dw dp

P at " dz @
d_p+k{d_u+ﬂ+d_Wj:O' (4)
dt dx dy dz

SBHO npeanonaraeTcs, YTo0 UCTOYHUK U MPUEMHUK(-M) UMEIOT BUJ TOUKH.

Ha BbIXOze kaxkaoro ceHcopa Jito0oi (pu3ndecKor MPUPOIbI, BOCIPUHUMAIOIIETO 3BY-
KOBBIE KOJICOaHMs, UMEETCS AIEKTPUUYECKUI CUTHaJ, COAEpXkAIIUM TpU MapameTpa — Ha-
npspkeHne U, yactoty f u ¢a3y ¢. DT nmapameTpsl He3aBHCUMBI MEXTy COO0, HO KaXKIbIi
U3 HUX 3aBUCHT OT mapameTpoB cuctemsl (1) — (4).

Hampsokenue U WM aMIUIMTy/Aa pa3Maxa CUTrHaja A 3aBUCUT OT YyBCTBUTEIBHOCTH
ceHcopa a, kodddunmenta ycuneHus ycunuTesns KU, yCTaHOBIEHHOTO 3a CEHCOPOM, M
pacCTOSIHUSA JI0 HCTOYHHUKA CUTHANA |

A= Fi{a, Ku, I}. (5)

Yacrora curHaina f 3aBHCHT HCKITIOYUTEIHLHO OT CBOWCTB HCTOYHUKA curHaia. daza ¢
3aBHCHT OT PacCTOSHUS JI0 KCTOYHHMKA curHaia |:

o = FAf, 1} (6)

Ecnu B okpykarolieit cpeie uMeeTcst HECKOJIbKO MCTOYHUKOB, TO CIIEYeT paccMaTpruBaTh
HecKoybko cucteM Buza (1) — (6). Eciin HeKOTOpbIE HCTOYHUKHU MOABHXHBI, TO B (1) — (6)
cremyeT 100aBuTh AU depeHIMaTbHBIE CKOPOCTH TIEPEMEIICHUST NUCTOYHUKOB. Takum o0pazom,
OyAyT y4TE€Hbl BapHaHTHI CJIOKEHUS 3BYKOB B 00beMe Bo3ayxa. s JeMOHCTpaluu Biu-
SIHUSI BETPa MPOBEIEM CIEAYIOIINNA IKCIIEPUMEHT.

Nmeercs cremyromasi SKCIIepUMEHTAIBHAST CHCTEMA, COCTOSINAs U3 TIapbl BHICOKOUYBCT-
BUTEJIBHBIX MUKPO(OHOB, BOCIPUHUMAIOIIMX 3BYKOBBIE KOJicOaHus B auana3oHe yactor 300 —
6000 I'u. O6o3HaunM 3T MHKpo(oHb! Kak L (JieBbii) U R (mpaBbiif), pacnolioKUM HUX Ha
paccrosiHuu 150 MM Jipyr oT Apyra, ycTaHOBUM Tmiepell L maccuBHBIA mpeaMer (He 3aKpbl-
BaloOIIMii MeMOpaHy), CO3/1aIuM UCKYCCTBEHHBIM BETEP CO CKOPOCTHIO JABMXKEHHUS OKoJIO 1,4 m/c
(3TO COOTBETCTBYET CKOPOCTH JBWKCHHUS TEIIEX0a, PABHOM 5 KM/4ac) M 3alMIleM OCIHILIO-
rpaMMy CHTHAJIOB Ha BbIXOje MUKpOoGoHOB. B mporecce 3amucu yoepem npeamer niepen L u
NPOAOJDKUAM 3alMCh OCLMJIIOTPAMMBI TIPH MCKYCCTBEHHOM BeTpe. Cxema 3KCIepuMeHTa Mo-
Ka3zaHa Ha puc. 1.
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PI/ICYHOK 1- FCOMCTpI/I‘IeCKaH CXCMa SKCIICPUMCHTA C BETPOM

v

3anucaHHbIe OCIJIOrPaMMBbI BU3YaATU3HPYEM ¢ MOMOIIIBIO mporpamMmbl Adobe Audition,
JIeBBI MUKPO(OH COOTBETCTBYET BepXHEH OcIyuIorpaMme — puc. 2. CyIecTBeHHOCTh (hakTopa
BETpa CTAHOBUTCSI OLTYTHMOM TPY CPAaBHEHHHU C OCHMIIIOTPaMMaMH 3alTUCH TOJIOCA C ATHUX XKe
MHUKPO(GOHOB, HO PacCTOSIHUE JIO MCTOYHHKA Tosioca paBHO 4 MeTpam (puc. 3). OcimmiorpaMMbl
rojioca M SKCIEPUMEHTA ¢ BETPOM MPUBEIEHBI B OJTHOM M TOM K€ MaciiTabe Mo aMIUTUTY/IE.
[Ipu sToM 00€ 3amucy MPOW3BOJIWIIUCH HE B W30JMPOBAHHOM IMOMEIICHUM, IIIYMbI YUl U
TIOMEIIIEHHS TaK)KE OTOOPAKESHBI Ha OCHIIIOrpaMMax. B CHITy 3TOro oCIyuiorpaMmel JISBOTO U
MPaBOrO KAHAJIIOB UMEIOT HECKOJBKO PA3IMYHBIA BHJI JJaKE€ HA OJMHAKOBBIX IO YCIIOBUSM U
BPEMEHU BO3JICUCTBUS yIaCTKAX.

Pucynok 3 — OcuuiiorpaMMsl Tojioca ¢ paccTostHus 4 MeTpa

[To pe3ynbraram >KCIEPUMEHTOB C BETPOM, B BhIpaxeHue (5) ciemyer n00aBUTH
dbaxTop BeTpa, KOTOphId 0003HaunM cuMBoOJIoM Wh. C ydeToM BEeTpOBOIo (hakTopa aMIuiu-
TyJa pa3Maxa CUrHaJla Ha BbIXOJe MUKPO(OHA MPUMET BU:

A= Fi{a Ku,l,wh}. (7)
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CTpyKTypa CUCTEMBI II€JICHTalld1

CyliecTBYIOIIHNE CEHCOPBI ONMPEACIICHUSI CKOPOCTH U HAIpaBJEHUs BETpa Majo Mpu-
TOJIHBI JUIsl YCTAaHOBKM Ha poboTrax. Kpome TOro, coBepiieHHO HE CYIIECTBYET CEHCOPOB
(o kpaifHel Mepe, OHM HE OIMHCAHBI B JJOCTYITHOM JIUTEPATYPE), MO3BOJIIONINE OTACIUTD
JIEUCTBHE 3BYKOBOTO JABJICHHS OT JACHUCTBUS NMOTOKA BO3AYyXa. B CHily BBIIEU3IIOKEHHOTO,
uist yueta (akTopa BeTpa, KaXKIbI CEHCOpP JOJDKEH COCTOSTh M3 JABYX MHKPO(OHOB
(kmactepa MUKPO(OHOB) — OJTUH BOCIIPUHUMAET U 3BYKOBOE JIaBJICHUE U JIBU)KEHUE BO3/IY-
Xa, BTOPOW BOCIPUHUMAET TOJIBKO 3ByKOBOE J1aBJIECHUE.

B [1], [2] nmpemiaranach peanu3arusi CHCTEMbI OMHAYPAILHOTO CITyXa po00Ta, CoJeprKaIias
4 MukpooHa, MUKpPOKOHTpOJLIEp 115l 00pabOTKH MH(POpMALIMU ¢ MUKPO(OHOB U MUKPOKOHT-
posuiep Ui BBIYUCICHUN HATpABICHUS HA UCTOYHUK (7S 11e7eld COOCTBEHHO TEJICHTaIuH
HCTOYHHKOB).

Jljist yueta BIMSHMS BETpa cUCTeMa JOJKHA MPUHSTH BUJ, TOKa3aHHBIN Ha puc. 4.

S0KS/pS Micro
F1, ‘—p ADC 16 »| Controll
50 K S/pS er
F2, ._, ADC 16 o el
50 K S/pS o4
Fl, '—» ADC 16 »  MIPS
50 K S/pS
F2, ._, ADC 16
50 K S/pS
F1, ‘_. ADC 16 >
50 K S/pS
F2, '_, ADC 16
50 K S/pS
Fl, ‘_. ADC 16 >
50 K S/pS
F2q ‘_' ADC 16 >
1 400 K S/pS
Micro
FRAM 1G Controll | ] pac »| ANALOG
e Ne2 ouT
100
J MIPS
o uss | DIGITAL
ouT

Pucynok 4 — HoBast cTpyKTypHasi cxeMa CUCTEMbl OMHAYPAJIbHOTO ClIyXa
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[IpakTyeckn 3TO O3HAYAET, YTO JUIsl BOCHPUSATHS 3BYKOB ¢ pacctosHus 0,5 — 5 M u
OTpe/IeICHHs HAIIPABIICHUSI HA UX UCTOYHUK B HECMEIIHOM JBMXEHHU (CO CKOPOCTb Mellle-
X0Jla — OKOJIO 5 KM/4) HeoOXoaMMa CHCTeMa C BOCeMbI0 MHUKpodoHaMu. B peanbHO OKpy-
KAIOLIEH Cpe/ie CYILECTBYET €llle OAWH (PAKTOp, MOPOXKIAOIIMI 3BYKOBOE JTaBIICHHUE, — MOJIET
HaceKoMbIX. K coxarneHuro, ele HUKOMY HE yIajaoCh 3aCTaBUTh MyXY WM ITYENy JIETATh IO
3aJ1aHHOM TPAeKTOPUM, MOITOMY SKCIEPUMEHTHI IO 3TOMY IOBOJY CTaBUTh OUYEHb TPYAHO,
OJTHAKO MPaKTHKa U3MEPEHUH MOKa3ana, YTo MPOoJIeT MyXH OT MUKpO(OHA Ha pacCTOSHUM 3 —
5 cM 0T MUKpO(OHA MO aMIIUTY/IE CPABHUM C TOJIOCOM YeNoBeKa ¢ paccTtosHus 3 M. ExuHcr-
BEHHOE, YTO 3716Ch MOKET BBIPY4NUTh — MAJIbIE Pa3MEPbl HACEKOMOTO, T.€. IIPU PACCTOSIHUMA MEKITY
Mukpoporamu 150 MM MoOieT HACeKOMOro BOCHPUHMMAETCS B OCHOBHOM OJHHM KJIACTEPOM
MHUKPO(OHOB.

B pesynbrare peanuzanuy npeaiokeHHON TEXHUYECKON cucTeMbl OMHAYpaIbHOIO CIyXa
Ha Bbixogax ALl Oyayr nomyudeHsl HU(POBBIE MOTOKM CUTHAIOB, KaXIbIH U3 KOTOPBIX
COZIEP’KUT MH(POPMALMIO 000 BCEX 3BYKOBBIX CHUTHAJIaX B OKpY’KarollleM OObeMe BO3/ayXa.
PasHuna Mexay MoTokaMu COCTOMT B TOM, YTO OHM MMEIOT Pa3HOE BpeMsl MPUX0/a K MUKpO-
(oHaM, 3aBUCSILIEE OT B3aUMHOTO IOJIOKEHUSI UICTOUHUKA U MUKPO(OHOB. COOTBETCTBEHHO
MMEeTCs U Pa3HULA BO BPEMEHM MOsBIEHUs curHanoB Ha Beixomax AILIIL Ilpomie rosops,
CUTHAJIbI B NOTOKax AaHHbIX 0T ALIII moxoxu, HO UMEIOT pa3HOe BpeMs nosiBiieHus. 11 Toro
YTOOBI ONPEACTUTh PA3HUILy BO BPEMEHH MOSBICHUS JUIS JIFOOOH Mapbl MOTOKOB, HEOOXOAUMO
HalTH «TI0XOKHE» CUTHAJIBL, ONPEAETUTh CTENEHb «ITOX0XKECTU» U MO OMPEICIICHHBIM Iapa-
METpaM ONpeAeSUTh OTHOCUTENbHOE BpeMsl ((ha3y) 3ana3AblBaHUU WM ONEPEKEHHS CUTHAIOB
JPyr OTHOCHUTENBHO Apyra. BeIMmonHeHre 3TON paboThl sl OAHOM Mapbl MUKPO(GOHOB OII-
peleIUT HECKOJIbKO 0o0acTeil JoKanu3alud MCTOYHMKA curHana. HanoxeHue mosydyeHHbIX
obusacteid Ui BceX 4 HE3aBHCHUMBIX Iap MUKPO(MOHOB JACT OAUH OOBEM WM OJHY 001acTh
JIOKIU3alAN UCTOYHHKA.

Hampumep, Ha puc. 5 moka3zaHbl OCHWJIJIOTPaMMBbl CUTHAJIOB OT OJHOIO MCTOYHHUKA
Ha BBIX0JaX JIBYX KJacTepoB MUKpo(oHOB — MO n M1, pacnonoXeHHbIX Ha PacCTOSIHUU

150 MM apyr oT apyra.
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Pucynok 5 — OcuumniorpaMMbl CUTHAJIOB OT OJHOTO UCTOYHUKA

Curnan Ha BeIxoae M1 moka3aH CIUIONIHOM JIMHUEH, a CHTHAI Ha BhIXojae MO mokaszaH
TOYKaMH. BU3yabHO CHTHAIIBI «IIOXO0XKH», HO Ha OOpPTY poOOTa HEKOMY OIIEHHMBAThH ATY CXO-
KECThb CUTHAJIOB, €€ HAJ0 BBIPA3UTh B YKMCJIOBOM BUJE C TEM, YTOOBI CTENEHb «TIOXO0MKECTH
MOJKHO OBLTO OIICHWUTH B YKCJIOBOM BHUJIE M IIPOIPAMMHO PEalTU30BaTh.

BriBOIbI

[IpemioxkeHHast MOAEIb BO3AYIIHOM Cpeibl, KacTepu3als MUKpO(QOHOB, IPUMEHEHHE
BBICOKOIPON3BO/IMTEIBHBIX MUKPOKOHTPOJUIEPOB MO3BOJISIFOT MOCTPOUTh TEXHUUYECKYHO CHCTE-
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S

My, PEIIAIOIyI0 BOMPOCHI TEJCHTallik B 3BYKOBOM JMaria3oHe B oobeme. Crctema J0IDKHA
UMETh MPOCTPAHCTBEHHO Pa3HECEHHBIE CEHCOPBI, 00OBbESAMHEHHBIE B KJIACTEPhI, 16-pa3psaHbIe
ANII ¢ gactoroit muckpernsanuu He MeHee 50 k['11 ¢ Tem, 4TOOBI Kak MOXKHO MOApOOHEe
YUUTHIBaTh OOJILITMHCTBO (PAKTOPOB, MOPOKIAIONINX CUTHAIBI B ATOM Juana3oHe. Beicokoe
pa3peIICHNUE 0 AMIUIMTY/IE M YacTOTE MO3BOJIUT MOCIEAYIONIEH NMPOrpaMMe aHalIn3a Mojry-
YUTh 00JIEE TOYHBIE TaHHBIE IS aHAJIN3a CUTHAJIOB.
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S.A. Polivtsev, S.B. Ivanova, H.S. Tsybulnik
Model of Air Environment and 3D Realization

of System Direction Findings

In the article, the theoreticd and practical questions of congtruction of the system of
direction finding (i.e. direction-findings of a sourcein three dimensions) of weak voice vibrations
in an ar environment are examined. The sructure of technicd redization of the system of
direction-finding, dlowing to distinguish a weak acousticad signd (not only voice of a human
being) on the background of the hindrances of different kind is done, including hindrances
created by motion of ar. The system is oriented to gpplication in mobile robots.

Thereis a great number of models of distribution of acougtical signa in air environment,
which take into account the great number of parameters of environment. By virtue of multiplicity
of parameters, these models are good for the theoretica reasoning but they are of little avail for
practica caculations. For example, they do not take into account the influence of wind. It is
necessary to take it into account, asthe wind is dways and everywhere but itsforceis different. It
IS dso necessary to take into account that the wind compels to hestate membrane of a
microphone as well under the action of voice pressure as under the action of blast. The force of
the wind is usudly measured by other devices, such as anemometers, and the testing measu-
rements are carried in the moded of environment or in concrete devices. Solution, which alows
not take measurement of wind force but to take into account itsinfluence on an acoustica sgnd,
isoffered.

The offered modd of ar environment, clusterization of microphones, gpplication of high-
performance microcontrollers dlows to build the technicd system, to solve the problems of
direction finding in avoice range of volume. The system must have spatidly set about the touch-
controls incorporated in clusters, 16 bit ADC with frequency of discretization no less than 50
kHz to take into account mogt factors for originative sgndsin this range as detailed as possible.
High-resolution on amplitude and frequency will dlow to the subsequent program of anaysisto
get more exact datafor the andysis of signdls.

Cmamus nocmynuna 6 pedakyuro 02.12.2011.

242 «McxkyccTBeHHBIM HHTEIEKT» 12012



