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ITHPOPMAIIITHI O3HAKI MOBHIX CHTHAJIIB JUKTOPIB

MeKTpAMEHO-4ACORL  OWAKE  ROSEONTOTH
Bigobpaxarn yHIKATMEICTs (opMH SAcoBGTo PAAY
i cneKTpy ronocoRNX iMmyNLCiE  pisHEX AHKTOPIE Ta
ocobmmmocTi  GimeTpylowmX (yRKiA ix TomocommE
pascria

Criexctpam ui ommaxn

1) Cepenne aRacHEA CHEKTPa aHATIZOBAHOFO
romocosoro curany;

2) Hopuanizomasi cepeasi SHateRAA cleKTpa,

3) eimmocmmi wac mepefymaman  curany
& cyraz crexTpa;

4) Hopmanizomannii 4ac mepeCyBanEA CHTHATY
B cyraz crexTpa;

) MeBiaHHE SHANEHAA CIEKTa MOBH B CMTAX,

6) migmocma momymicTe cmextpa  MoBH
= cuyraz,

7) mapiatia obsignux cnex1pis Mo,

8) mopwanizosani BenwnEE Bapiaii o6EiAEIX
cheicTpiz 1o,

9) xoedimientn KpoceKoppenamii cHeKTpATERIX
obBiHIX i Cyrawn creKTpa.

Uncoi ormaxn

1) TpmEamicTs CcermenTy MoBHOTO CHTHATY
a6o Gonemn;

2) encora
a6o Gonemn;

3) xoedimient
carnany abo fomemn

CEPMEHTY  MOBHOTO  CHIHATY

Gopun ceruenty  omHoro

Binewicts

AHKTOpiE
acToTHOD

cymachux cmctem  imemTmdianii
0cepemEyIOT GyCWIIA Ha  oTpHMAREL
RaACTCPUCTIKA  TONOCOROro  TPAKTY
MIORHHE, BIEKWAOA NpE HROWY XapaKTEpHCTHKH
curnany sbysxemna Lo noscmemo TmM, o
xoedinienTn mepmoi mogeni sabeameuyioTs Kpamy
powsimemicts  sEykim. [ua  BiAsiemmA  curmany
6ymxeHEA  BiA  CHTHQNy ToNOCOBOTO  TPAKTy
BUKOPHCTOBYIOTS KerIe TP AT HII aHAS.

KerteTpams i ommasu

1) men-wacToTHi KenCTpaTsAi KoeQinieRTH,

2) woedimientn nimifmoro mepepbmcma 3
KOpEKHiEio Ha HEPIEHOMIpHICTS 4y TNHEOCTI MOACHKOrO
Byxa,

3)  woctimiemtn  checrpa  mimidoro
nepenbaienns;

4)  xocpimientn  xemeipa  mimiimoro
nepeabatenna

Tapametpn  momenedi  curHams,  mo
EEKOPHCTORyIOT  AMIUHTYAHO-YACTOTHI  O3HAH,
iCTOTHO “aNeXaT: B SaCTOCOEYEAHHX MpH IX
OBMMCNEHHI  TApAMETPIE  AHCKpETHHE  Beier-

nepermopenna Ta nepetmopenna Dyp'e. Jactocymanna
unx mopenedt AnA sama ineRTHbixanii AMKTOpIE Aac
SAOBITEHY ToWHICTE KaCHPiKANil TIMEKH TpH BENHKIE
wimexcocti oamac (100 § mame)

AnmumiymHo-tacToTH 0rAKT

1)intencussicts, aunnityaa,

2) enepriz,

3)7acTota ocHoBHOro ToRY,

4) opmantsi sacToTn




image4.jpeg
METOJI INIEHTU®IKALI JUKTOPIB

TEKCTO3AJNE/KHI
1) MeTo AMHAMIYHOI TpaHCpopMari yacy
(Dynamic Time Warping),
2) MeTOJ IPHXOBAHIX MAPKIBCBKIIX MOTEeit
(Hidden Markov model).

TEKCTOHE3AJIE/KHI
1) MeToz BeKTOPHOTO KBAHTYBAHHS
(Vector Quantization),
2) METOJ, OIOPHIIX BEKTOPIB
(Support-Vector Machine);,
3) MeTOJ TayCOBIX CyMIIIeft
(Gaussian Mixture Model);
4) MeTOR IITYYHIX HelTPOHHIIX MepesK
(Artificial Neural Network).

m
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METOJ{ JUHAMIYHOI TPAHCPOPMALI YACY
DYNAMIC TIME WARPING
TlpunycrnMo, mo B Hac € JBi NOCHiZOBHOCTI {a;,@y,..,a} i
{by, by, e b}
1. Po3paXyHOK JOKATBHHX BiIXHTCHB MiK ETEMCHTAMH JBOX
TOCTIiIOBHOCTEH. Y Pe3yiIbTaTi OTPHMAEMO MATPHINO BiAXHICHb D, mo Mae k

PAIKIB | ™ CTOBMIIE 3 ceMeHTaMH:

d - b,

ij =

2. BHKOHCTOBYIOUH 3HAUCHHA MAaTpuii D, PO3paxoBYeMO MATPHINO
Tpancopmanii S, mo Takox Mae Mae k DAKIB i m CTOBNMIB, a ii eleMeHTH
PO3PAXOBYIOTHCA 32 BHPA3OM:

s = dyg;
sip = din + 8613
s1; = dyj + s1(-1);

sij = dij +min[sg1, S1G-1)» Se-0G-] @

+k j=1+m.
3. Ilwix tpancopmanii W — me HaGip CyMiKHHX eleMeHTiB

{wy, Wy, ..., w;} mMatpuni TpaHcopMmauii S, KM BCTAHOBIIOE BiIIOBiAHICTH

ik nocizopHocTaM {a) i {b), Misinisyioun BiCTaHb MisK HIVIE

K
1
CW = min B ZWQ J
f=1 6
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ПРИКЛАД  ПОРІВНЯННЯ  НАБОРІВ  ІНФОРМАТИВНИХ  ОЗНАК 

МОВНИХ  СИГНАЛІВ  ЗА  ДОПОМОГОЮ  DTW-АЛГОРИТМУ

Один користувач

Проголошення фонеми «а»

Два користувачі

Проголошення фонеми «а»
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ПРИКЛАД  ПОРІВНЯННЯ  НАБОРІВ  ІНФОРМАТИВНИХ  ОЗНАК МОВНИХ  СИГНАЛІВ  ЗА  ДОПОМОГОЮ  DTW-АЛГОРИТМУ



Один користувач

Проголошення фонеми «а»

Два користувачі

Проголошення фонеми «а»
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JOCILIHI HABOPII TH®OPMATHBHIX
O3HAK MOBHHIX CHT'HAJIB

1. HopMoBaiii eHepreTH1Hli CrIeKTp:

-1

A= ISGOP [Z |s(z>|1] :

wet
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JOCILIHI HABOPII TH®OPMATHBHIX
O3HAK MOBHHIX CHT'HAJIB

4. Koeiuiewn misiiinoro nepeacatieniux Dy, IO o3paxoByloTse 3a itepaniifrint aTroprTyoM lapSina:

1) Mosumii cursan s(n), mo copvosammii N pitixavu, posousactoea na M cersentis s(n+m), a M
cermenTiB — Ha K kaapis s(n + m + k);

2) KoeH Kazp MOBHOTO CHIHATY SBAYETHCA BIKOHHOK (HKIIic0 XeMMira ;U1 SMeHIeHHA TOXHOKH
Tlepe1GateHIIA HY-THOBIX SHAYSHD TIO HEHYTHOBII:

2mnK
0.54-0. 4sms(N

Wi (n) =

0, 0 —-1
>n>g

Spakenl Kaap Mac BUTILL:
Sim(n) = s(n+m + K)wien (1);
3) PO3pAXOBYETHCA ABTOKOpEMAiHA (YHKILA K-r0 KATpY MOBHOFO CHTHaTY:

R-a-t

Ren@= ) Sem(@sim(n+0), &
=
4) pospaxoByloTheA KoedinienTn miniforo nependavennn {Dy )}, k-ro Kampy MOBHOTO cHrHaly 3a
AOTOMOFOI0 HACTYTHOTO ATTOpHTNY:
4.1) nowatxosi ywosu: i = 0, D) = 0, £ = R(0);
4.2) n0c7i10BHO 1A i-My (i = 1,2, ..p) KpOI iTepartii po3pAXOBYIOTHCA NAPAMETPH
RG)— 2523 DM IR(li— j1)
FO-T '
o=k,
~KkDlY mpn 1<j<i-1
EW = (1 k?)EE-1;
4.3)3 KOKHITM KPOKOM NOPAIOK 11epe 10a4HIA 361 TbLIY €T A HA O AMHHIIIO 10 THX Tip, IOKH BiH He JOCATHE
'BETHAHHH p. OCTATOMHe PillleHHA BH3HAYAETBCA Ha P-MY KPOLli CTIiBBiTHOMICHHAN:
Zp®
D, =D

M;

[i-1]
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JOCILIHI HABOPII TH®OPMATHBHIX
O3HAK MOBHHIX CHT'HAJIB

5. Koediuiermt piasira K, xoediuicurin miriiinoro nepescateirs, otpiiasi B mpoteci pospaxyiiky
Koedinlieria misiiHoro nepeadavents:
6. Hopyonara apTokopersniiia ynkutis xoediicnia miriiiforo nepexdasertu:

p-n
@jan

r(n) =

7. Hopyosaiia asToKopesiia yHKIlis MoBHOTO cirHaty:

ROy = B8 5Qsn 4 )

8. HopMoBarIti 3T1a.0KeHIii eHEpTeTITHILi CIIEKTp MOBHOTO CHIHATY:
-1

«

6= WZ(k)I wZ(i)l ;
%

R(0) -

7(0) = Eh_y rn) cos

W(k) =
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AJITOPUTM ®OPMYBAHHS ITPO®LIEIT JUKTOPIB
TA IX MOJAJBIIOl IIEHTU®IKALI

1. MopmysanHA NPOdiTO KOPHCTYBAUA NOUHHAETBCA 3 HAKONHUCHHA iH(OPMATHBHHX O3HAK MOBHHX
CHIRATIB — PO3PAXYHKY KOEilIiCHTIB VT4 KOKHOTO 3 BOCEMI HAGOPIB IHOpMATHBHITX 03K

2. Ha eTani (opMysasis eTalony KOpHCTYBaua (YUaCTh y eKCTIEDMERTi GPATH 5 CTYJEHTIB) OCTAHHBOMY
nponoRyeTsea L MPOMOBHTH naposHy (bpasy. B HAIOMy BURAZKY MapoTsHa ($paza — CIOBO GAXHCTY, KITHKICTE
nporonomes — 10,

. Gopwyerses Q = 30 Nap BeKTOPIB MepIIOro KaGopy inopMATHBHILX 03HAK.

G
2.2. 3a zonooroo DTW-aaropimyy po3paxopyioThes paproeti maxy Tpaucopyanii CW, Ha ochoni
KX POIAXOBYETECA TIOPIT AYTCHTHGIKALIT 2 eI HACOPOM IHPOPMATHBHIIX 0IHaK:

max, axwo cW . <075cWL;

renr < hmaxi
Wi, sxyo CWSDL = 0,75CW.D,.

23. Qopmyercs erarommmii pexTop iRQopvaTHBHIX o3max Af', mpOMy Takm, mo 3aGesmeuy
MiHiMaTbHIH iHTerpaTEHIIT MIAX TpaHChopMaNii 1o yei

s
min ch“’
w3 i
=

~ 2.3 o3paxoRyIOTECS NoporH ayTenTHGiKALl 1% APYTOTO —~ BOCKMOrO

MOACTHBHX Napax:

e

. AmazorizHo 10 Kpokis 2

naGopie inopMaTHBHIX 03HAK Ta POPMYIOTECA eTatoHHI BekTopn A — AE'.

3. Ha erani izenndianii na ocHosi octamwix 4 mporotomerux mapomsmix ¢pas Gy10 chopmosano 32
GioweTpirmix BeKTOpH (O HOTHPH /1% KOKHOTO HaGopy inpopmaTmex 03max). Jlati 3a fonomorol DTW-
aTwopuTMy i BEKTOpH mMOpiBHIOBATHCH 3 cTaToHHmMM A — AS MUIAXOM DO3AXYHKY BAPTOCTI mAXY
Tpancdopwariii
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PE3VIIETATH ITPOBEJEHIX EKCIIEPIIMEHTIB

Hatip iHpopMaTHBHI Crnoso DoHena @oHema
O3HaK «3AKHCD) «a» «
Hopmosarii -
D 08 0. 0.15
€HEPTETHYHII CIIEKT]
DYHKLIiA, MO XapaKTEPH3Y € 3MiHy
e e e i i i 0.85 0.7 0.15
€HEPTii CHIHATY 32 9aCTOTOK
Mel-1acToTHi KericTpanmbHi
I 0.9 0.85 08
Koe]iLlieHTI
Koediwienm miHifHoro
pivierm 08 0.3 0.6
Tiep enGaueH A
KoeditiieHm BigduTTa
KOe(ILIi€HTIB THIHOrO 0.9 0.65 0.8
TIep enGaueHHA
HopMoBaHa aBTOKOp eJTALITHA
(yHKLA KoediLlieHTIB TiHIHOTO 0.8 0.3 0.6
iep endadeHH
HopMoBaHa aBTOKOp eNALIITHA "
DMOR DL 0.7 045 0.25
(yHKIIiA MOBHOTO CHIHATY
HopMmoBaHHIT 3TTaTKeHITT
€HEPTeTHYHHIT CTIEKTP 0.55 0.15 0.25

MOBHOTO CHIHATY
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BIICHOBKH

7 aTecTaniitHiii poGOTI BHPIlIeHA AKTYATEHA 31102 TOCTUKEHHA eeKTHBHOCTI MeTOTiB
BIJIUTEHHA aKyCTHYHHX TMAPAMETPiB MORMEHHA ATA 3211 GiOMETPHMHOI ifeHTH(iKaLii, mo
J03BONIAC  THABHINMTH JOCTOBIPHICTH 3a3HAadeHOl MpouefypH. Ha INAcTaBi MpoBeXeHHX
JOCTKEHb MOKHA C()op MyIIL OBATH HA CTY TTHI BHCHOBKH.

1. TIpoaHATi30BAHO OCHOBHI TPOGMEMH CTBODEHHA CHCTeM iMeHTH(KALii HKTODIB.
POSISHYTO iHIMBiTyaTbHi OCORTHBOCTI TONOCY, OCHOBHI NULAXH MAPAMETPIBALNI MOBHOTO
CHIHATTY, CII0COGH MPHITHATTS PillieHb, 0CHOBHI TPHHUMITH OPTAHI3ALIi CHCTEMH PO3THABAHHA
JKTOpiB.

2. POAAMYTO METOTH MAPAMETPIBAINI MOBHIX CHTHATIE, 31CHOBAHi HA aCOBOMY,
CHeKTPATEHOMY T4  CHEKTPATBHO-IACOBOMY  OTHCE: TepeTBopeHHA Dyp'e, Be'BIel-
TepeTBOp EHEA, KerCTp , MOXETT: THIFTHOTO Mep eXAEHHS Ta ABTOKO AL (BYHKLIA MOBHOTO
cHTHATY.

3. POSDLHYTO OCHOBHI MOJET CHCTEM THIHATIA PIlleHb B 3a%ai POSTSHABAHES
JMKTOpIB: MPHXOBAHI MADKIBCBKI MOITENi, BEKTOpHe KBAHTYBAHHA, MeTOJ OTODHIX BeKTODiB,
SMillaHi TaycoBi MONETi Ta IITYWHI HefpOHHi Mepeki ONHHM 3 HAHOUTHIN e()eKTHBHHX ¢
BHKODHCTAHHA CHCTeM TIODIBHAHHA 3 eTATOHAMH HA OCHOBi BHKODHCTAHHA ATTOPHTMY
JHAMiTHOi TP aHCdopMaLLiacy —~DTW.

4.V mporpansony cepenoBumi MATLAB OyB 3MOTETsOBaHHI mpoLiec iTeHTHIKALi
AHKTOPA 32 J0MOMOT010 DTW-AIrOpHTMY AT BOCKMI HAGOPIB iH(OPMALUITHI 03HAK MOBHIZY
cHrHATiB. V BHMAIKY iIeHIHQIKALI AMKTOpA TM0 ONHIlT GoHeM HANGITBIN eeKTiBHIMII ¢ Mel
ACTOTHI KeMICTpATbH] KoeiteHTH. JJIA TORMIHHI (JoHeM (V1% (OHEMH «a») AMOBIpHICT
izenmnixaii ckmama 0.85. [P WIyMOMONGHIN (OHeM (1 GOHeMI ) FMOBipHICTE

izesmikartii — 0.5. EeKTHBHICTE 03HIK TPH ideTrikariii ANKTOpA 3 TAPQTERIIM CTOBOM
«GAXHCT» BHIe, HiA 31 OKpEMHMI (oHeMaMsL TIpH LOMy KpAWi PesyISTaTH ToKAzyioTs Mel
9ACTOTHI KEMCIPATEHI KoG(iIICHTI Ta Koe(illieHTH BiZoGpaKeHHA KoedilicHTie miniiforo
e eAGAICHAA (FMOBIpHICTS ineHTH{iKALii—0.9).
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JTOCJILIKEHHS EPEKTUBHOCTI METO/IB BULTEHHS
AKVCTHYHUX ITAPAMETPIB MOBJIEHHS
JIST 3AJAY BIOMETPIYHOT IIEHTUMIKAIIIT

Cepen ychoro PisHOMAHITTA MeTOIiB SioMeTpIMHO ixeHTH{iKALIi 0cOGMHBE Micte 3aiiMae
TOM0COBA, OCHOBHOIO MepEBATOK AKDI € IIMPOKHI CIIeKTp BHKODHCTAHEA 32 BiACyTHOCTI, AK
TPaBITIO, BHMOT JO 3aCTOCYBAHHA CIELIATbHOTO OGTagHAHHA TOmocoBa  imeHTH(iKALIA
BHKODHCTOBY€THCA B 3J09aX 300€STIEEHHT OesllekH (KOHIPQMb 31 (NSHMHHM JOCTYTIOM B
TpHMIIIEHHA, JOCTyN J0 (a3 JAHHX, OGMHCTIOBATBHHX cHcTeM 1 IIK, KOHIpane Hax
TPAHCIIOPTHHMI 3aCOGAMI) Ta B 301#4aX {HQOPMALHIHO] Ge3MeKH TeneKoMy HIKALIHIX KaHATIE,
HATPHKIAJ, J1s BHIAJKY OTPHMAHHA GATAHCY GAHKIBCBKOIO PAaXyHKY, IITBEpIKEeHHS I OLIOBHK
TpaHzaKI 450 OIIIATHOCTYT ToImIO.

OCKUTBKH JOCTOBiPHICTS POSOTH CHCTEMH iMeHTH(IKAL 31 TQTOCOM 3TEATITH B
MATEMATHYHHX MOJETell, MO BHKOPHCTOBYKTBCA AMA OGPOGKH T4 AHATZY MOBHOTO CHTHATY,
METOTiE BHIUTEHHA 3 HbOT0 iH(OPMATHBHHX MADAMETPIB, FIATHHX NOBHOLGHHO BiTOGDASHTH
IHIHBIAYATBHICTE  KOHKD €THOTO JTHKTOPA., JOCTIZHI POGOTH, CIPAMOBAHI HA BJOCKOHATEHH:
MeTOIiB if QTTOPHTMIB 0POGKI MOBHILX CHIHATIE 3 METOK THNBHIEHHST e eKTHBHOCT POGOTH
CHCTEM 3XHCTy BiJl HeCaHKIIOHOBAHOTO IOCTYIy HA OCHOBi TQTOCOBOI ayTeHTH(iKalii, ¢
KTy ATBHHMIL

MeTor0 POGOTH ¢ JOQTUIAKEHHA aTOPHTMIE MAPAMETPH3ALIi AKYCTHMHIX CHTHATIE B
32JA4X P 031 3HABAHHA THKTOPIB.

TR0 CATHEHHA TIOCTABIIEHOI METH HeoGXiTHO J 03B A3 TH HACTY IHi 3a1ae1i:

1) aHATTi3 0COBHBOCTeli 1105y {0BH CHCTEM P 03I SHABAHELT JHKTOPIB;

2) aHATi3 ATCOPHTMIB TMOGYIOBH O3HAKOBHX OIMICIE AKYCTHMHIX CHIHATIB MORTEHHS B
324X P 031 3HABAHHA THKTOPIB,

3) AHATTI3 MATeMATHMHIIX MoJTeTefi I HITHATTA PillleHD B 32 Ja9aX | 0371 3HABAHHA THKTODIB;

4) eKCTIEPHMEHTATbHE 10 CTULKSHHS e eKTHBHOCT] 03HAKOBIK OMHGE AKY CTIFHITX. CHIHATIE
MOBITEHHS JUTA 32 i |) 0311 3HABAHHA JHKTOPIB 32 T0MOMOTOR D TW-amropHTay.





