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Paccmorpena Bo3moxkHOCTE npuMeHeHus: ajropurma “Voice activity detection” B cucreme pacrio-
3HaBaHUs Kazaxckoil peun. [Ipeyoxkenb MmaremMaTudeckast Moaesb VAD u criocobbl obHapyKeHMst
PEeUEBBIX JIAHHBIX: IAay3 MeXKJy (bpasaMu, CJIOBaMU, OTIeJbHBIME 3ByKaMmu. Ajroputm VAD mnpu-
CTIIOCOBJIEH K PACITO3HABAHUIO KA3aXCKOW PEYN € YIETOM ee OCHOBHBIX CBONCTB. Briepsbie mpoBeieHO
uccjeoBaHne OOHAPYYKEHUs TOJI0OCOBOI AKTUBHOCTH B Ka3aXCKOM pevu.

KiroueBble cJioBa: paclosHaBaHUE pedn, OOHAPYXKEHHME TOJIOCOBOW AKTUBHOCTH, PEUYEBOit
CUTHaJI.

This article considers the algorithm “Voice activity detection” and the using VAD algorithm in the
system of kazakh speech recognition. The paper presents a mathematical model VAD and methods
for detecting voice data: pauses between sentences, words, individual sounds. VAD algorithm is
adapted to the recognition of Kazakh speech counting the basic properties of Kazakh language.
Voice activity detection researches in Kazakh speech are being conducted for the first time. The
results of the spectral analysis are displayed on the picture.

Key words: speech recognition, voice activity detection, speech signal.

BBenenne. lccnenoBanns B 006/1aCTH PacIio3HABAHUS PEUN BELyTCs JIOCTATOYHO JaBHO. Peub
KaK IPUPOJHBIN MCTOUYHUK uHMOpMaluu 00/1a/1aeT n30bITOYHOCTBIO, B HEll COJIePyKUTCs OOJIBITIOE
KOJIMIeCTBO JaHHBIX, HE HECYIIIUX CMBICJIOBOI Harpy3KH.

B macrosimee Bpems Jijid yBeJIMYeHUS OOBEMOB IepeaBaeMoil MHMOPMAaIUN TPUMEHAIOTCS
pa3JInIHbIE METObI, HAIIPUMED TacTOTHOE U BPEMEHHOE YIIJIOTHEHNe CUTHAJIOB. J[JIsT BBITOTHEHUST
3a/a91 paCIO3HABAHUA Pedd B IEPBYIO O4Yepe/ib HEOOXOIUMO ONPEJIeINTh MOMEHTHI HadaJa U
OKOHYAHUS BXOJHOIO CJIOBA W T1ay3 BHYyTpH Hero [1].

ITocranoBka 3amauu. OupeesieHrne MOMEHTOB Hadaja W OKOHYAHUs (Dpasbl IPU HAJTAIAN
OIyMa ABJIAETCA BaxKHOII Baﬂa“lef/l PacIiO3HaBaHUA PEIN. B JaCTHOCTH, IIpDU aBTOMAaTHUICCKOM pacC-
MO3HABAHUN PEYH BaXKHO TOYHO ONPEJIEIUTh MOMEHThI Havdaja ¥ OKOHYaHUs CIoBa [2].

[Iporeaypa obHapy:KeHHsT MOMEHTOB Hadaja U OKOHYaHUSA (ppasbl CYIIECTBEHHO YMEHBIIAeT
IUCI0 apudMeTHIECKUX Olepaluil, ecjan oopabaTbiBaTh TOJIBKO T€ CEIMEHTBI, B KOTOPBIX HMe-
ercd pedeBoil curraJi. BejregcTBue 3Toro ckopocth obpaborku OyiaeT yBenumunBaThed. Hambosiee
pacIpoCcTpaHeHHBIM CIIOCOOOM CKaTUsl PEUYEBLIX JIAHHBIX ABJIAETCH YIaJIeHue Iays3 Mex 1y dpa-
3aMM, CJIOBAMMU, OT/EJbHBIME 3ByKaMn. Kak mokasajn MHOTOUYNCIEHHBIE UCCIIeIOBAHUS, B PedH
MozKeT comepzkarhbea 10 50 % mays, a B auasore nx oobem Mozker gocrurarh 70 %. Ilostomy GbI-
JI CO3/IaHbI PA3/IMIHbIE aJrOPUTMbI, KOTOPhIE YCTPAHSIIOT U30BITOYHOCTD PEUN, BBIIE/ISAS TOJIHKO
3HAYUMBIE ee apaMeTpsl [3].
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Puc. 1. Cxema xiraccudukaruu kajapos PC

Voice activity detector (VAD) — meTos onpejiesieHns ak THBHOCTH PEYU, TEXHOJIOIHsI CXKATUS
pEeUYeBoro CUrHaJja 3a cueT IOUCKa Pedd U Iay3 U UX KOJAupoBaHud. B cucremax pacro3naBaHus pe-
a1 3PHEKTUBHOCTH CUCTEMbI PACIIO3HABAHUS OIIPEIE/IsIeTCsI B IIEPBYIO ovuepe b 3(pHeKTUBHOCTHIO
ucrnosszosanus VAD [4].

Anropurm VAD paboraer B mporiecce KOIUPOBaHUsI PEYEBOr0 CUTHAJIA TIEpe ] pacio3HABAHIEM
peun. Hanmuane nay3 onpejiensiercss Ha OCHOBE aHAJIN3a U CUHTE3a PEUYEBbIX JTAHHBIX, KOTOPbLIE CO-
JiepzKaT oTpe3Ku currasa. [Ipeamnonokum, pedsb comepKuT naysy, KOTOPYIO MOXKHO ITPEJICKa3aTh,
U JIAHHBII [AKET COJEP:KUT May3y, a He pedb — Haumbojee CIOXKHBIN 31eMeHT ajaroputma VAD.
B maubosiee mpocToil peasuzanuu HaJu4dne MMay3bl B HAOOpPE MUMPPOBBIX OTCYETOB ONPE/IE/IACTCS
Ha OCHOBE CpaBHEHUA CYMMAapHON SHEPIUU ITaKeTa PEYEBBbIX JAHHBIX ¢ HEKOTOPBIM ITOPOTOBBIM
3HAYECHHEM, KOTOPOEe OT/Ie/IseT Iay3y OT ITaKeTa ¢ TOJ0COM. B 3ToM cirydae mopor HeoOXOIUMO I10-
J100paTh TaKUM 00pa30M, 9TOOBI HE JIOIMYCTUTh YPE3MEPHO YacTOe yCTPAHEHUE OMMOOYHBIX I1ay3,
TaK KaK 9TO MOXKET IPUBECTU K YXY/IIEHUIO KAYECTBA, IOTEPE BAXKHBIX JTAHHBIX U KaK CJIJICTBUE
K cHmKeHno shdexruBnoctn anropurma VAD. OObraHO 715 OmpeesieHns Tay3 MPUMEHsIeTCST
CJIOZKHBIN AJITOPUTM, YIUTBIBAIONINI HE TOJBKO SHEPIUIO MaKeTa, HO U SHEPTHUIO CIIEKTPAIbHBIX
COCTABJISIIONINX OTPe3Ka curuaa |5, 6].

AJroputM pasjelieHusi peYeBOro CUTHAJIA HAa BOKAJIM30BAaHHbIE M HEBOKAJIM30BaH-
Hble YYACTKH M YYaCTKN MOJIYAHUsI. 3BYKHM PEYd, B KOTOPBIX IPUCYTCTBYET OCHOBHOI TOH,
Ha3bIBAIOTCS BOKAJIM30BaHHLIME. [Ipm mcciaeqoBaHuM JTMHAMUKN U3MEHEHUsT XapaKTEPUCTUK pPe-
gyeporo curnasia (PC) BaxHOil 3a/1a4eil siBjisieTcsi BBIOOD JUINTENHLHOCTH BPEMEHHBIX KaJIPOB, HA
KOTOpbIe OH pasbuaercs. Ha puc. 1 npejcrasiena cxema kiaccudukaiuu kajapos PC [7].

JlnurenbrocTh Kajpa PC mokHa OBITH JOCTATOYHO MaJIoi, YTOOBI TIOC/IEI0BATETbHOCTD Kal-
POB DoJIee TOUHO OTpakaJia KpaTKOBPEMEHHYIO JuHAMUKY u3MeHenns PC, u 10cTaToIHO OOJIBINOIT,
9TOOBI TIOCIEIOBATEIHHOCTE KaPOB 00JIee TOUYHO OTpazkaJja J0JroBpeMeHHyo quanamuky PC.

Cortacuo ycmoBusim perucrparnun PC, yKa3aHHBIM B TaOJIUIE, JJIMTETHHOCTD €0 KaIpa JT0JIXK-
Ha OBITH HE MeHbIe Tepuoja ocuoBHoro Toua Tor = 1000/100 = 10 mc. Ha puc. 2 upusenen
rpaduk pedesoro curnaja [8].
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Peuesoii curnain (fy = 8000 I'n, for > 100 I'm)

Yucno | HaurenbHocTb CBOHCTEA OKHA
OTCYETOB KaJpa, MC

32 32/8 =4 Orpazkaer KparkKoBpeMeHHyI0 quHaMuKy PC u He oTpaxKaeT ero mepuo-
JIYECKUN XapakTep

64 64/8 =8 Orpaskaer KpaTKoBpeMeHHY0 quHaMuky PC 1 He HOJIHOCTBIO OTparkaeT
€ro MepuoINIecKnil XapaKTep

128 128/8 = 16 He nmosinocThio oTpakaer KpPaTKOBPEMEHHYIO U JIOJTOBPEMEHHYIO JTHHA-
MuKy PC, OJHOCTBIO OTpPaXKaeT ero MepuoIniecKuil Xxapakrep

256 256/8 = 32 He orpaxkaer kparkoBpemennyto quHaMuky PC, oTpakaer J0JaroBpeMen-
nyio juaaMuky PC, OJTHOCTBIO OTparkaeT ero NepuoInIecKuii xapaxkrep
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Puc. 2. I'pacduk peueBoro curuaja

Ha puc. 3 mpencrapiera O6JI0K-cxeMa aJIrOpUTMa paseaeHns] PeYeBOr0 CUTHAJIa Ha BOKAJIH-
30BaHHbIC U HEBOKAJN30BAHHBIE YIACTKUA W yIACTKU MOJYaHudA. /JaHHBINA aJropuT™M OCHOBAH Ha
[IPE/IITOIOXKEHUH, ITO PEUEBOM CUT'HAJ — 9TO HECTAIMOHAPHBIN ITPOIECC CO 3HAYUTE/THHBIMU H3Me-
HEHUsIMU KPATKOBPEMEHHO{ SHEPIUU U YUC/Ia EePEeCeTeHnil Hy ls MKy CMesKHbIMU OKHamu [9).

Anropur™m BKIIouaer 7 GJIOKOB.

Brok 1. Ucxonmstit peaesoit curnan x(m), m =0, N — 1.

Baok 2. Paznenenne PC Ha Kaapbl JIuTebHOCTHIO 16 Mc.

Biiok 3. Berauciienne 3Hadennii KparKOBpeMeHHOM sHeprun F,, (M KpaTKOBPEMEHHOe 3HaYe-
HEe MOJLYJISl SHEPIUN) W YUC/Ia TepecedeHnit Hyist Z,n-ro Kajapa. Hampumep, KpaTKoBpeMeHHasT

n (e.)
sHeprust pasHa FE, = S 2*m), wm E, = Y. [x(m)w(n-— m)]2, uwm FE, =
m=n—N+1 m=—00
N—1
S* 2*(N —n+m), rae n — HOMEp KaJpa;

m=0
wimy = { m=0,N—1,
10, m£0,N—1

okoHHast ¢pyHKIud kajapa; n = 0, L; L — aucyio kagapoB; M = LN — 49uCJIO OTCIETOB PEUEBOIO
curHaJa.
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Puc. 3. Biok-cxema aJITOPpUTMa pa3JieJIeHnd PpedIeBOI'O CUI'HaJla Ha BOKaJIM30BaHHBIC
1 HEBOKaJIM30OBaHHbIE YIaCTKHU U YIaCTKKU MOJJI9aHUA

KparkoBpemennas pyHKIUs CpeTHETO YUCTIA IEPEXOJIOB Yepe3 HyJIb, U HYJIEBBIX Iepecede-
HUIl, OCHOBaHA Ha CPABHEHUM 3HAKOB cocequux orcyeros |10, 11]. Hampumep,

Z= Y |sgn(x(m)) —sgn(z(m — 1)) w(n —m),
e ) N v

3HAKOBasl (PYHKITHS.

Biokn 4, 6. YcranoBka HOPOrOBBIX 3HAYEHUN Frop U Zyop A4 By U 2.

Brnok 5. IlpoBepka BbImosHeHUA ycnoBus L, < Ey.,7: na — n-if KaJp OTHOCUTCS K yYaCTKY
MOJTYaHUs; HET — K OJIOKY 7.

Biok 7. IlpoBepka BBIOIHEHUA YCAOBUA Ly, < Zpnop!: Ja — N-ii KJIPp OTHOCUTCA K BOKAJIN30-
BAHHOMY YYaCTKY; HET — N-i KaJp OTHOCUTCHA K HEBOKAJIM30BAHHOMY YYaCTKY.

HemocraTkom TaHHOTO a/IrOPUTMa ABJIAETCA BBICOKAsl IYBCTBUTEILHOCTH F, K GOJIBINNM 3Ha-
JeHnsAM curnajia. [losydennbie maHHuble IpeJIcTaB/IeHbl Ha puc. 4, 5.

Jlns yMeHbIeHUs OMMOOK NMPUHATHS PENIeHus] OTHOCUTETBLHO TOTO, SABJSETCH JIH yJIacTOK
BOKA&JIM30BAHHBIM, ITPEJJIAraeTcs UCIOJIb30BaTh COOTHOIIEHNE

tje Eops = /Z2(m) =

N
1 2 o o
N E ) x (m) — KBaJpaTHbIM KOPEHb CPpeJHero KBaJpaToB SHaYCHU PC
m=

(rootmeansquare), Wi KBaJIPaTUIHOE CPEJTHEE.
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Puc. 4. T'paduk onpenenenus VAD B pedeBoM curnasie
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Puc. 5. I'pacduk ompesiesieHnst BOKAJIN30BAHHBIX (@), HEBOKAJIM30BAHHLIX (6) yIaCTKOB
u 9Hepruu (6) B peU4eBOM CHUTHAJIE

BokanmzoBanHasi pedb XapaKTepusyeTcs OOIbITNM 3HAYECHUEM F.,,s T MAJIBIM Z,,, & HEBOKAJIU-
30BaHHAs PEUb XapaKTEPU3YETCs MAJIbIM 3HAYCHUEM F,..,s 1 OOJBIINM Z,,, TIOSTOMY CIIPABEJIJINBO
ycaoBue: R, ABJIsg€TCs OOJIBITUM JjIs BOKAJIM30BAHHOIO Ka/Ipa U MaJIbIM JIjIsi HEBOKAJIM30BaHHO-
ro kaJipa. B jgannom cirydae TpeboBaHus K BBIOOPY MOPOrOBOrO 3HaYUEHUS R,..,s ABJISIOTCS DOJiee
IIPOCTBIMH, UTO YMEHBIIAET BO3MOKHOCTH OIIHOOYHOTO IMPUHATHS PENIeHNsT OTHOCUTEIHLHO TOrO,
SIBJISIETCSI JI KaJp BOKAJIM30BAHHBIM.

BeiBoapl. [IpeiiokeHHbII aJrOpUTM HCIIOJIB3YETCs I TTOUCKA KOHEYHON TOUYKH PASTHIHBIX
M30JIMPOBAHHBIX CJIOB. B 3KcnepuMeHTe oIy deHbl I'padUKy JIJId Ka3aXCKOi pedn. AJIropuTM mos-
BOJISIET TIOJIyYIUTH OOJIee TOUHBIE PE3Y/IbTAThl 110 CPABHEHHWIO C pe3yJbTaTaMH ITOUCKA KOHETHOMN
touku PC Bpyunyto. Ha puc. 4 npusesenst npumepsr PC u obHapykeHust petueBoil aK TUBHOCTH.
Jl1st mporpaMMupoBaHus KCo ib3oBaH si3bik MATLAB.

Ha puc. 5 nmokasan mporiecc onpejiesieHns BOKaJIN30BaAaHHBIX U HEBOKAJIN30BAHHBIX yYACTKOB,
sueprun PC. OO6rree guciio ob6pasios, HeOOXOAUMBIX I [IPEJICTABICHUST PEUN Pa3HBIMU JIHKTO-
paMu, BapbUPYyeTCs B 3aBUCUMOCTHU OT CIIEKTPAJIbHBIX XapaKTEPUCTUK PEUN.
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Anroput™ MOKa3bIBAET XOPOIIUil pe3y/IbTaT BO MHOTHX KaJIpaX CerMEHTUPOBAHHON pedn Jjis
kiaccudukarun PC. Oun addexktupen st oOHApYKeHNsT KOHEIHBIX TOUeK pa3andubix PC, mos-
BOJISIET CHUYKATH TPeOOBaHUs K 00beMYy IMaMsaITH KOMIBIOTEPA U BPeMs, 3aTpadnBaeMOe Ha BBIUHC-
Jerusd. Ajaroputm jiefictByet 6osiee 3hPEeKTUBHO, YeM CerMeHTaIlls, BhIIOTHIeMas BPYIHYIO.
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