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CErMEHTALIA MOBHUX CUTHAINIB 3 BUKOPUCTAHHAM
ANCKPETHOI'O BEUBNET-NEPETBOPEHHA

B cmammi 3anpononosano memoo ceemenmayii MOSHUX CUSHANIE HA OCHOBL aHANi3y eapiayii pieHs enepeil
8eli6Iem-CneKmpy 3 PO3CMAGICHHAM KOPOOHI6 HA OLIIHKAX WUEUOKOL 3MIHU eHepail CUSHATLY 34 6CIMA PIBHAMU Oema-

aizayii.

Knrouosi cnosa: ceemenmayis, MogHUll CusHA, OUCKPEemHe Gelsiem-nepemeopeHHs.

BecTtyn

IMocranoBka mpoosemu. OIHIM 3 HAHBaKITUBIIINX
3aB/IaHb B CHCTEeMaxX 0OpOOKU MOBH € 3aBJIaHHS CerMeHTa-
wii BiMOBIHO 10 (POHETHYHOI TpaHCKpHMIii MOBHU. [lyst
TOJIOCOBOI BepriKallii XapaKTepHi 03HAKH TOJIOCY ITOBHH-
Hi OOYHCITIOBATHCS Ha TIEBHUX CETMEHTAaX MOBHOI'O CHTHa-
my. Yacrora OCHOBHOTO TOHY, XapakTepHa JUKTOpPY, TO-
BUHHA OOYKCITIOBATHCS HA MPHUTOJIOCHUX JUISTHKaX CHIHa-
my. dopmMa MOBHOTO TPaKTy XapaKTepH3yeThcsl (popMaHT-
HHMMH YacTOTaMH, SKi BUMIPIOOTBCS HA BIJOMUX TOJIOCHUX
3BYyKax, a IIBHAKICTh apTUKYJISII] BU3HAYAETHCS 32 TPHBA-
JICTIO TEPeXiJHUX TMPOIECIB MDK  apTUKYIATOPHO-
akyctimaHuMH cermeHTaMu. [1] CermeHramist HeoOXiqHa
NIpY BUpIIIEHH] 3BOPOTHOI 33/1a4i — BiTHOBIIEHHS (hopMu
MOBHOI'0 TPaKTy 3 aKyCTHYHOI'O CHUTHAIY [2], sika MOxe
OyTH BUKOpPHCTaHa B HACTYIHHUX OOJIACTSX: CUCTEMH CTHC-
HEHHS 1 TIepe/iadi MOBH B MOOLTBHIHM TenmedoHii [3], cuHTe-
3aTOpPY MOBH 3a JIOBUTBHUM TEKCTOM [4], cucTeMu aBToMa-
THUYHOTO PO3Mi3HABAHHS MOBH.

VY JOoCHiIHUIBKUX CHCTEMax 1 Ha eTari rorepes-
HBOI PO3POOKH MOXITUBE BUKOPUCTAHHSI PYYHOI cerme-
HTauii. OfHaK BOHA BUMAara€ 3HaYHUX BUTPAT CHJI 1 4a-
Cy: TO-TIepIlie, B 3JUTIA MOBI HEMa€ May3 Mik CJIOBaMHU,
MO-JIpyre, KOApTHKYJSLIS, SKa BHHUKAE HAa KOPIOHI
3BYKIB CYTTEBO ITOJIETIIYIOUH MPABHUIIBHE CHPUHHATTS i
PO3YMIiHHSI MOBH YCKJIAIHIOE 3aBJIaHHS TOIIYKY MEX
cerMeHTiB. KpiM TOro, mpakTHYHO HEMOXXJIMBO TOYHO
BiJITBOPUTH pPE3YJIbTAaTH PYYHOI CErMEHTAllii BHACIIJIOK
Cy0'€KTUBHOCTI JIFOJICBKOTO CIIYXOBOTO 1 30pOBOTO
CHOPUNHATTA.

[MoxiGHuX mpoOiieM He BUHUKAE MPU aBTOMAaTH4-
HIM cerMeHTallii, SIKa TaKoK He OE3[MOMHIIKOBA, ajle Ja€
HeroraHi pe3yJbTaTH.

IcHye nBa OCHOBHUX THNH aJTrOPUTMIB CErMEHTa-
uii MoBu. /[0 mepuioro THIy BiJHOCSATBCS aJTOPHUTMHU,
SIKI CErMEHTYIOTh MOBY SIKIIO BiJloMa IOCIIIOBHICTb
¢onem nmanoi ¢pasu. [HIMH THN aNTOPUTMIB HE BHKO-
pucroBye anpiopHoi iHpopMmarii npo ¢pa3sy, i npu 1Bo-
My MEKi CETMEHTIB BU3HAYalOThCS 33 CTYNEHEM 3MiHH
AKyCTHMYHUX XapaKTEepUCTUK curHany. [Ipu aBromaTny-
Hill cermeHTanii 0a)kaHO BHKOPUCTOBYBATH TiJIbKH 3a-
rajbHi XapaKTepUCTHKA MOBHOTO CHTHAy, OCKUIBKH

3a3BUYAll Ha [IbOMY €Talll HeMae KOHKPETHOI iH(opMa-
1T PO 3MIiCT MOBHOT'O BUCJIOBITIOBAHHS.

OcHOBHUM po3Aain

1. CermeHTaLis 3 BUKOPUCTAHHAM
KpaTHoMmacLuTaGHoro aHanisy

SIx BiIOMO, MOBHHUI CUTHAJ CKITAJAETHCS 3 KBa3ic-
TaI[lOHAPHUX AUISHOK, SIKi BiJIOBiJAIOTh MPUTOJIOCHUM
1 mmmIsauM GoHeMaM, IO HEepPEeMEKOBYIOTHCS JILISH-
KaMH 3 TIOpPiBHSHO HIBUAKMMHU 3MiHAMH CIIEKTPaJIBHUX
XapaKTepPUCTUK cUTHaly (MiX(OHEMHI Iepexojau, BU-
OyxoBi (oHEMH, Mepexoqu MixK cioBamu) [5]. Y Mexax
CTalliOHAPHUX JUISHOK 3HAYHY POJb JUIS aHANi3y MOB-
HOI'O CHUTHAJy BINIIPAIOTh CIHEKTPabHI OCOOJIHBOCTI
CHTHaJy, [0 BH3HAYAIOThCS NEpeIaBabHOI XapakTe-
PHUCTHKOIO MOBHOTO TPaKTy i 3MIHIOETHCSI B IIpOLECi
apTuKyisnii. MoxxHa ckaszaTH, 0 MOBHHMH CHTHaj Xa-
paKTepu3yeThcs HENMHIHHUMH (IIYKTyauisMu pi3HHX
MacmrtadiB. Tomy mocuth e(pEeKTHMBHUM MIJIsl aHai3y
MOBHOT'O CHTHAJy TNPEICTABISIETHCS KPYIMTHOMACIITAO-
HUI aHai3 1 BEHBJIET-MIEPETBOPEHHS.

BeliBner-po3kiajaHHs MOBHOI'O CHUTHAJy OBXKH-
HOO N BIUTIKIB SIBJISIE COOOIO CYMY:

N/2" -1 N N/2"-1

f(t): Z Sk Prk +Z Z djk\ijs (1)

=1 k=0
(pnk = 2J/2(p(2jt - k)s }le _]sk € Z
\ij = 2’j/2\‘rl(2jt-k)s }Ie _]sk € Z s

Jie N — KiTbKICTh PiBHIB JEKOMIO3HIIIT; Sy, dik — Koedi-
LIEHTH  ampoKCUMaIii Ta  JOeTami3aiii  BeHBieT-
pO3KIamaHHs; ( — CKeimiHr (MacmradHa) QpyHKIis; y —
0a3ucHUI («MaTEePUHCHKUI) BEHBIIET.

OCckiTbKH  BeHBIIeT-KOe(ILiEHTH anpoKcHMalii Bif-
TIOBIIAIOTh TIepeaBaNIbHIN XapaKTepucCTHLl (inbTpa HU3b-
KHUX YacCTOT, a BeBIeT-Koe(illieHTH JeTani3alii — BUCOKO-
YaCcTOTHOMY (DIIBTPY, TO MOKEMO PO3IVISIIATH MTOBEAIHKY
MOBHOT'O CUTHAITy B Pi3HHUX YaCTOTHHX Jiaria3oHax.

YacrotHuii miama3zon Hwkde 125011 He BHKOpHC-
TOBYETBCS, TOMY HE MICTUTh iH(pOpMAIIil, BAXKIIUBOI IS
3amadi cerMmenTanii. Ile 00OyMOBICHO TPUPOIOIO JIFOII-
ChbKOI MOBH, 110 oXorutoe inTepBan 150 — 4000 I'm. Ta-
KHM YHHOM, JOCTaTHBO 6 PiBHIB pO3KJIagaHHs (Tadi. 1).
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Tabmumsg 1
YacroTHi Aiana3oHu
. YacroTHuit YacroTHMit
PiBenn . .
S niama3zon Jlo- Jiama3oH
AeTamsani Oemn 16, I'g Meiiepa, ['1g
piBeHb 1 2000-4000 2756-5512
piBeHb 2 1000-2000 1378-2756
piBeHb 3 500-1000 689-1378
piBeHb 4 250-500 345-689
piBeHb 5 125-250 172-345
piBeHb 6 86-172

2. AnropuTtm cermeHTauii

CerMeHraIliss MOBHOTO CHTHaJdy HEOOXimHA JUIs
BHUJIUICHHS NIISHOK CHUTHAJTY, SAKi BIAIOBiNAIOTH OKpe-
MHUM CTPYKTYPHUM OAMHHIIIM. SIKmio posrmsaata ¢o-
HEMH SIK Taki OJIMHUIN, TO 3aBJaHHS CErMEHTalii 3BO-
JUTHCS 70 BUSIBIICHHS MiK(OHEMHHX MepexofiB. Bupi-
LIEHHS [HOI'0 3aBJAaHHS TPAaIULIHHUMU ITiIXOJaMU JO0-
cuth npobOsemarnuHe. OnHAaK JUCKPETHE BEWBJIET-
neperBopeHHsi (DWT) no3Bonse BUPIIIMTH IFO TIPO-
O6neMy st (poHeM, SIKI BiJNIOBIIAIOTH MOPIBHSHO HPO-
TSHKHUM KBasicTallioHapHUM AiisHkaM. CIipaBa B TOMY,
10 Ha MiDK(OHEMHHX NEpPEeXOoAax CHUTHAI 3a3Ha€ 3Hau-
HHUX 3MiH BiJpa3y Ha 0aratboX MacmTadax JOCIiIKeH-
HS 1, BIJIMIOBIJTHO, XapaKTEPU3YEThCSl 3POCTAHHSIM BEWB-
neT-KoeilieHTiB sl 0arathoX pIBHIB JeTaiizalii, B
TOHW Yac SIK Ha CTallilOHApHUX AUISHKaX (oHEM BeiBIeT-
KOe(ILIEHTH BUSBISIOTHCS 3TPYINOBAHUMHU  IOOJU3Y
neBHUX 3HaueHb [7]. Takum 4yuHOM , TOIIYyK MiX(OHe-
MHHX KOPJIOHIB MOXK€ OYTH 3BEIEHHU N0 IMOUIYKY MO-
MEHTIB 301JIbIIEHHS] BeWBIET-KOEe(DIIliEHTIB HA 3HAYHIH
KUIBKOCTI piBHIB MacmtaOyBaHHsA. [Ipu 1boMy CyTTe-
BUM € BHOIp BEWBJIETHOrO 0a3uCy, SKHH IOBHHEH JO-
3BOJISITH ONHMCYBATH CTAl[lOHAPHUH MOBHMH CHUTHAN 3
MOPIBHSHO MaJIUM YHWCJIOM HEHYJIbOBHX KOE(II[I€HTIB.
MoxJIMBEe BUKOPHCTAaHHS JEKUIBKOX BEHBIETHHX 0a3u-
CIB /ISl OMIYKY MI>K()OHEMHHUX TIEPEXOMIB Y KOXKHOMY 3
HUX 3 HACTYITHUM 00'€THAHHAM PE3yJbTaTiB [6].

Jlis movatky cMrHanm po30MBA€THCS Ha JIUISTHKH,
10 [IEPEKPUBAIOTHCS, JIO KOXKHOI 3 SIKUX 3aCTOCOBYETHCS
DWT. [lnst koxxHOro ¢petiMa Ta piBHS ACKOMITO3HIIIT N

MOXHa BU3HAYUTH eHepri}o:
2"-1

E,()=)d} ., 1ei=0,...2""N-1. )
j=1

Enepris curnaiy (2) mBHAKO 3MIHIOETBCS Bifl ppeii-
Ma JIo peiiMy Uil KOKHOTO pIBHS 4epe3 IIyMH IIij Jac
3aIMcy MOBHOTO CUrHaity . J{is 3ry1a/pkyBaHHS BH3HaYae-
MO E‘n, 3aMiHIOIOYHM 3HauYeHHA E, y BikHI mmpuHo©O 3 — 5
(peiiMiB Ha MakCUMaJIbHE 3HAYCHHS E,« B IIbOMY BiKHI.
JIns BU3HAYEHHS IIBUAKOCTI 3MIHM €HEPrii OOYHCIIFOEMO
noximay R. Mik¢oHeMHI nepexoan XapaKTepH3yIOThCS
HEBEJIMKUMHY, ajie IIBUAKAMHU 3MiHaMH DiBHSI €Heprii Ha
OMHOMY a0o0 Oinbllie PiBHAX AeTamizarlii. TakuM YHHOM,
KputepieM BHOOpY KOpAOHY ()OHEMH Mae OyTH IIBHJKA
3MiHa TOXiJJHOI MPH HEBHCOKOMY piBHI eHeprii. [HimmuMu
CIIOBaMH, JUI KOKHOTO PIBHS JeTamizaiil IIyKaeMo Taki

NIISIHKY, Ha SKMX 3HAYEHHS IOXIiJHOI OJIM3BKO 3a CBOIM
aOCOJFOTHUM 3HAUEHHS J10 PIBHSI €HEpTii Ha IHTepBaJIi, IIpU
IILOMY PI3HHUIIA HE MEPEBHUIIYE NSSIKOr0 TPAHUYHOTO 3Ha-
qeHHs divey, a €Hepris Ha IpOMY iHTepBaji OOOB'S3KOBO
OubIa HiK E., SK TapaHTis aHai3y caMe MOBHOTO CHT-
HaJTy, a He TUITHKY [IyMY:

div,, > ||Rn(i)| -E‘n(i)| .

3. YaocKoHaneHHA anroputmy

[MoTpiOHi nesiki JOPOOKU alNropuTMy T OLITBII TOY-
HOTO BH3HAUECHHSI MEX CErMeHTIB. [10JI0KeHHsT KOPOHIB
MOXXE PI3HUTHCS MDK piBHAMH. Lle MOsSCHIOEThCS MpUpO-
JIOI0 BEWBIIET-TIEPETBOPEHHSI — PO3IJISL CUTHAITY Ha PI3HUX
YacTOTHHX Jiara3oHax. Tak Juis yacThHU (OHEM TLIBKH
OJIMH 3 PIBHIB MOKa)ke 3HAUHY 3MIHY €Heprii, JUIsl 1HIIHNX —
JIEKIIbKA.

TakuM 4YMHOM, Ha KOXXHOMY DiBHI BU3HAYa€ThCS
TUTbKM YacTMHA MDbK(pOHeMHHX mepexomiB. IIpu mpomy
MDK(OHEMHHUI 1HTEpBaJ He MOKe OyTH MEHIIIM MOpOro-
BOI'0 3HAYCHHS — MiHIMaIbHOI TpuBasiocTi honemu. [Topir
BCTaHOBJIEHO B 25 MceK. 3arajbHHUi aJITOPUTM CerMeHTallii
Ma€ TaKuii MopsyIoK:

1. B sixocti momnepeHb01 00pOOKU CUTHAJT HOpMa-
J3YETHCS: BCl BIJUTIKM AUIATHCS HA MaKCUMallbHE 3Ha-
YeHHsI, JUIsl BCTAHOBJICHHS €JIMHHUX TOPOrOBUX 3HAYEHb
JUTst OyIb-SIKUX BXITHUX CUTHAIB.

2. BxigHuii curHan po3OuBaeThcs Ha (GpelMH Mo
256 BiikiB npu YacToTi Auckpernsanii 16 k['1 3 nepe-
KpUTTSM BifJ 25 % 10 50 %.

3. KoxkeH (hpeliM HaKpUBAETHCSA BIKHOM XEMMiHTa
JUIsl YCYHEHHsI IeheKTIB Ha KpasiX.

4. 1o xoxkHOTO (PpeiiMy 3aCTOCOBYETHCS BEHBIICT-
TIEpETBOPEHHS 3 PO3KIIIaHHSM JI0 6-TO PiBHS JEKOMITO-
3MIIT.

5. JIns KoXXHOTO PiBHS IEKOMMO3UIIT BU3HAYAETh-
Csl GHEpris, SK CyMa KBaJIpaTiB 3HaueHb KOE(II[i€HTIB
neramizanii E (2).

6. OCKUTbKM eHeprisi CHIBHO 3MIHIOEThCS BiJ| (peii-
My JI0 (peiiMy depe3 HIyMH, HEOOXiIHE 3IIa/DKyBaHHS.
JI1st Oro OGYHCITIOEThCS ycepemHeHa eHepris E, i
KO)KHOT'O PiBHS JIGKOMITO3MIIIT, 3aMiHIOIOYM 3HAYEHHS eHe-
prii Ha MakcumanbHe E,,, W11 KOKHMX 3 Ha mepIimx
TPBOX, 1 HA KOPKHUX 5 /ISl HACTYITHUX PIBHIB JieTami3arlii.

7. JIns BU3HAYCHHS IIBUIKOCTI 3MIHH €HEprii 00-
YHCITIOETHCS MOXiaHa R.

8. Kpurepii Bubopy kopaoHiB (oHeM:

div,, 2[R, ()|-E, 0);
div,, <|R,G+D]-E, G+
div,,, <[[R,G-D|-E,G-D)|;
En (1) > Emin *
9. JInst 00'eqHaHHS pe3yNbTaTiB PO3CTAHOBKH KOp-
JIOHIB MK PIBHSAMHM BCi 1HIEKCH 00'€THYIOTHCS B OIUH

BekTop. 11[00 YHMKHYTH IMOMWIIKOBHX KOPOHIB, BCTa-
HOBJIIOETHCSl MiHIMAJIBHHUH 1HTEpBaI (JOHEMH — 28 MCeK.
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4. Pe3ynbTaTh eKCNEepUMEHTY

JI71s1 eKCIIepUMEHTY BUKOPUCTAHO 35 pisHHX (pa-
I'MEHTIB, 3alIMCaHUX MPH YacTOTi AucKpeTu3anii 16k .

Ha puc. 1 myHKTUpHUMU JiHISIMH Bi3HAYEHI MEXI
PY4HOI pO3MITKH, CYLIJIbHUMH — aBToMaTtndHoi. HaBe-
JieHi rpadiky eHeprii i IX MOXiTHUX I KOXKHOTO PiBHS
JeTani3amii.
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Puc. 1. [Ipuknan cermenrarii ciosa ‘“mama”

ExcriepuMeHTaIbHO ONTUMAIBHUMH TOPOrOBUMHU
3Ha4YeHHs 00paHi divyy = 0.03, Epin = 0.005. ITpu npomy
31 301IBIIEHHSM [TOPOTrOBOro KoeilieHTa 3MEHITYEThCS
YYTJIHMBICTh AJITOPUTMY JI0 3MiH MOBHOTO cuUTHaiy. Takx,
mpu 3HaueHHSX 0.01 — 0.02 mOMITHO BHIIICHHS 3alBHX
CErMEHTIB JUISl TIPUT'OJIOCHUX, A00pe PO3IISIOTHCS TO-
JIOCHI 3BYKH, SIKI CTOSITH TIOpyY “‘0a”, “ai”. [Ipu BemuKkux
3HAYEHHSX IOpPOra KUIBKICTh 3aliBUX CETMEHTIB Maia,
aJie MepecTaroTh PO3IUIATHCS T'OJOCOBI 3BYKH. Pe3yrnb-
TaTH EKCIIEPHMEHTIB MOKa3aly He3HAUHY PIi3HUIIO B ede-

KTHBHOCTI BeiiBieriB Matiepa, [lobemr 16, [obemr 8 ta
Cimitera 6 mopsizky. Lle ToBOpHUTE PO MOMKITHBICTH 3aCTO-
CyBaHHS BCIX iX sK 0Oa3ucy pO3KIAJaHHS 3 MOIJIUBUM
MaiOyTHIM 00'€THAHHSAM PpE3YNIBTATIB JUISL ITiIBHIICHHS
PIBHSI pO3Mi3HABaHHS KOP/IOHIB CErMEHTIB.

BucHoBKMu

3anporoHOBaHUH METOJ] CerMeHTaIlli 3aCHOBaHUIMA
Ha JIMCKPETHOMY BEWBIIET- IepeTBOpeHHi. EdekTus-
HICTH MeTOJy O0yMOBJIEHA MPHPOAOI0 MOBHOTO CHUTHA-
JIy — 3MIiHH PiBHS €Heprii st psity pOHEM BHUSBISIFOTHCS
TIJIBKH y BY3bKOMY jiana3oHi yacrtor. Came ToMy Kop-
JIOHM HaWiMOBIpHIIlIE JETEeKTYBaTH, aHaJi3yloud 3Ha-
YeHHs eHepriil Miiiana3oHiB BEHBIIET-PO3KIAIaHHsI, a
HE CUTHAIIy B LIJIOMY, SIK Y BHIQJKY IEPETBOPEHb, 3a-
cHoBaHux Ha @yp'e anamizi. B sikocTi ocHOBHOrO mMapa-
MeTpa BH3HA4YEHHS TOYHOI MEXi CErMEHTY BHKOPHUCTO-
BYETbCS LIBHJKICTh 3MIHM €HEprii NpH MOJAIbIIOMY
o0'eqHaHHI pe3yNbTaTiB PO3CTAHOBKH KOPIOHIB MiX
PIBHSIMU JieTaizarii.
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CErMEHTALUUA PEYEBBLIX CUTHANOB C UCIMOJIb3OBAHUEM
OAUCKPETHOIO BEUBIET-NMPEOGEPA30BAHUSA

10.B. lantok

B cmamve npeonosicen memoo ceeMeHmayuu pevesbix CUSHAN08 HA OCHO8Ee AHANU3A 6apUAYUU YPOBHA dHEPUU Gelisien-
CHEKMPa ¢ pacCmano8Koll panuy Ha y4acmrax Obicmpo20 UsMeHeHUs SHepUU CUSHANLA NO 6CEM YPOBHAM Oemanu3ayuu.
Knrouesvie cnosa: ceemenmayusi, peuegoii cucnan, Ouckpemmnoe etigiem-npeoopazosanue.

SPEECH RECOGNITION BASED ON THE METHOD OF SPECTRAL ESTIMATION
Y.V. Danyuk

The note proposed a method for segmentation of speech signals by analyzing the variation of the energy spectrum of the
wavelet positioning boundaries in areas rapid changes in signal energy at all levels of detail.
Keywords: segmentation, speech signal, discrete wavelet transform.
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