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AHOTALIISA

Meta aumaoMHOi poOOTH — MIABHUILEHHS SKOCTI PO3MI3HAHHS MOBU Y
CUCTEMHU 3 BIIKPUTUM BUXIJIHUM KOJIOM.

B poGoTi 3p0o6sieHo Orisiz 1 aHaii3 CUCTEM 1 METOAIB pO3Mi3HaHHS, oOpaHa
cucrema J1s Moaudikaliii, o0paHo METO/I MOJIIIIESHHS 1 CKIaJAeHO aIrOPUTM HOTro
3aCTOCYBaHHsA, 3iAiliCHeHa MoaudiKallis CHUCTEMU 1 TPOBEACHO MOPIBHSIbHE
TECTYBaHHSA JEKIJIbKOX BapiaHTIB CUCTEMHU.

bazoBoto cucremoro Buctynae cucrema CMU Sphinx, sika 111 akyCTUYHOTO
MOJEIIOBaHHS 3aCTOCOBYE METOJI IMTPUXOBAaHUX MapKOBCBKUX Mojenen. B mponec
HaBYaHHS MOJiei OyJIo T0JaHO YTOUHEHHS MapaMeTpiB HaBUYAHHS 3a JOMOMOTOIO
HEHPOHHOI MEpexKi.

bazoBa cucrema Hammcana Ha MoBl C/C++, Ha HBOMY 3K peanizoBaHa
Moaudikamis cucreMu. PoboTa Haja cuUCTeMOr0 3IMCHIOBanacs B CEPEIOBHIII
po3pobku Microsoft Visual Studio 2013. [ns miarotoBku 1 (opmMaTyBaHHS
tectoBux aAanux 3 kopnycy TED-LIUM mig cramgaptu CMU Sphinx Oynu
HamMcaHi CKpunTd Ha MOBI Python 3 BuKoOpucTaHHAM cepenoBHIla PO3POOKHU
Python IDLE.

TecTyBaHHsS ~ TOKa3aJlo  HEBEAWKE  TONIMIICHHS  XapaKTePUCTHUK
po3mi3HaBaHHS JUIsi MOJM(]IKOBAHOT CHUCTEMH, IO YaCTKOBO KOMIIEHCYETHCS 32
paxyHOK 3HAYHOTO ITiBUIIEHHS Yacy HaBUaHHS CHCTCMH.

Otpumani 1 HaBYEHI BapiaHTU CHCTEM MOXXHA 3aCTOCOBYBATH TIJIbKH IS
HAyKOBO-JIOCTIAHUIIBKUX IIJIeH uepe3 JIIEeH31iHI OOMEXKEHHs, HaKJIaJCeHI Ha

kopnyc TED-LIUM.



ABSTRACT

The purpose of the thesis is to improve the quality of speech recognition in
an open source system,

In this work, a review and analysis of systems and recognition methods is
made, a system for modification is selected, an improvement method is selected
and an algorithm for its application is drawn up, the system is modified and
comparative testing of some variants of the system is carried out.

The basic system is the CMU Sphinx system, which uses the method of
hidden Markov models for acoustic modeling. In the process of training the model,
the refinement of the training parameters using a neural network was added.

The base system is written in the C/C++ language, and the system
modification is implemented in it as well. The work on the system was carried out
in the Microsoft Visual Studio 2013 development environment. To prepare and
format test data from the TED-LIUM corpus for the CMU Sphinx standards,
scripts were written in Python, the development environment used was Python
IDLE.

Testing showed a slight improvement in recognition performance for the
modified system, which is partially offset by a significant increase in the system
learning time.

The received and trained versions of the systems can only be used for
research purposes due to the licensing restrictions imposed on the TED-LIUM

corpus.



AHHOTAIMS

[lens aumIOMHON pabOTHl — MOBBIIEHWE KA4eCTBA PACIIO3HABAHMS PEUH Y
CHCTEMBI C OTKPBITBIM UCXOHBIM KOJOM.

B pabGore cmeman o0030p M aHaiW3 CHUCTEM M METOJOB pPaclO3HaBaHUA,
BbIOpaHa cucTema Il MOIU(UKAIMK, BHIOPAH METOJ YIYYIICHHS W COCTaBJICH
QJITOPUTM €T0 MPUMEHECHHSI, OCYIIECTBICHA MOTUDUKALINS CUCTEMBI U IMPOBEICHO
CPaBHUTEIHHOE TECTUPOBAHNE HECKOJIBKUX BAPHAHTOB CUCTEMBI.

bazoBoit cucrtemoit BbeicTymaer cuctrema CMU Sphinx, kotopas ms
aKyCTHYECKOTO MOJICTUPOBAHMS TMPUMEHSET METOA CKPBITBIX MapKOBCKHX
Mozeneit. B npouecc o0yueHust Mojiend ObLIO 100aBJIEHO YTOYHEHHE MTapaMeTpoB
OoOy4eHHMsI IPU TTOMOIIA HEHPOHHOMN CETH.

bazoBas cucrema Hamucana Ha si3pike C/C++, Ha HeM jke peaiM30BaHa
Moaudukaius cucteMbl. PaboTra Haa CHUCTEMOM OCYHIECTBISUIACH B Cpelie
pa3pabotku Microsoft Visual Studio 2013. Jlns moarotoBku u popMaTUpOBaAHUS
TECTOBBIX JaHHBIX M3 Kopryca TED-LIUM non crammaprer CMU Sphinx ObLim
HamKMCcaHbl CKPUIITHI HA s3bIke Python, ucronbsyemast cpena paspadbotku — Python
IDLE.

TecTupoBanme  TmMoOKa3ajgo  HEOOJBIIOE  YIYUIICHHE  XapaKTePUCTHUK
pacnio3HaBaHusT I MOAU(MUIIMPOBAHHONM  CHUCTEMBI, YTO  YaCTHUYHO
KOMITCHCHPYETCSI 3a CYeT 3HAYUTCIHLHOTO TIOBBINICHUS BPEMEHH OOYyUYCHUS
CUCTEMBI.

[Tomy4yeHHbIe ¥ OOyYCHHBIE BapUAHTBI CHCTEM MOYKHO NPHMEHSTH TOJIBKO
JUIST  HAyYHO-MCCIICIOBATEIBCKUX IIEJICH M3-3a JIMIICH3WOHHBIX OTpPaHUYCHUM,

Hajo0eHHbIX Ha kopnyc TED-LIUM.
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I[TEPEJIIK CKOPOYEHDL, YMOBHUMX I[TIO3HAYEHD I TEPMIHIB

MFCC — Mel Frequency Cepstral Coefficients
HM — HeliponHa Mepexa

[IMM — npuxoBana MapKOBCbKa MOJEIb
WER — Word Error Rate

WRR — Word Recognition Rate

SF — Speed Factor

bB — baym-Benm

BT — Birep6i

BII — GararomapoBuii mepcenTpoH

PER — Phone Error Rate
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BCTVII

3acTOCYBaHHS KOMII'IOTEPHUX CHCTEM y CyYaCHOMY CBITI € HaJ3BUYAWHO
IIMPOKUM 1 BOHM TPUCYTHI MPAKTHYHO y BCIX cepax JIOACHKOI MisITBHOCTI.
Komn’roTepHi cucreMu Nnpu3HadeHi A TOTO, 100 3HU3UTH BTPATH 4yacy Ta CHII
IpU OMpAIIOBaHHI PI3HUX JAaHUX Ta i1H(poOpMaIli, He3aJekKHO BiF iX TUIy Ta
o0nacTi, 10 AKOi BOHU BIHOCATHCA. [IpoTe, B3aeMoisl JIFOJMHU 3 KOMIT IOTEPOM Ta
3 MpUJIAJaMU MOKHU IO HE € 1€aIbHOI0 a00 JTOCUTh €(EKTUBHOI. 3a3BUYall IS
B3a€MOJIIi 3 CUCTEMaMHU MOTPiOHI crienu(ivHl 3aco0M BBEACHHS, a TaK0X MEBHI
HaBUYKHU pOOOTH 3 HUMH.

Curyaniga 3Ha4YHO MOJETIIYEThCS, KOJIM NPH 3BEPHEHHI JI0 CUCTEM abo iX
KOMIIOHEHTIB ~ JIOAM, 10 TMPaIiol0Th 3 IIUMH  CHCTEMaMH, MOXYTh
BUKOPHCTOBYBaTH MPUPOAHY MOBY. MOBHE CHUIKYBaHHS — IHCTPYMEHT, SIKHU
BUKOPHUCTAETHCSA JIFOACTBOM IMPOTIAroM OaraThbOX THCSY POKIB, 1 JJIS JIOAEH BOHO
JAaBHO € MPHUPOJHIM Ta 3pyYHUM. 3acCTOCYBaHHS MOBHOTO CHUIKYBAHHS IS
JOCTYIY /A0 IITYYHUX CHUCTEM JI03BOJISIE 3HAYHO 3HU3UTH Yac, 10 BTPAYAETHCS Ha
B32€MO/II10, @ TAKOK 3MEHILIUTHU CKJIAJHICTh CUCTEM 32 PAXYHOK 3aMiHHU O1IbIIOCTI
MPUCTPOIB BBEACHHS HA MIKPO(QOHM 3 BKIIOUEHHSM y MPOrpaMHE 3a0e3medeHHs
M1JCUCTEM aBTOMAaTUYHOT'O PO3II3HAHHS MOBH.

[lepmri cuctemu Juist po3mi3HaHHA MOBH 3’ siBuincA e y 50-x pokax XX cT.,
TOJ1 BOHU OYJIM 37aTHI BUKOHYBATH 30BCIM HEBEJHKI 3a/ladi, TaKi sIK pO3Mi3HAHHS
uudp, BUMOBIeHUX JroauHow0 [1]. KomepiiitHi nporpamMu Juist po3ii3HaHHS MOBHU
3’siBrutcsl HarpuKiHi 80-x — movarky 90-x pokiB XX 91.. 3 yacom HamiIMHICTh Ta
HIBUIKICTh TMporpam [Jjisi pO3Mi3HABaHHS IOCTYNOBO MOKPAIIyIOThCS, alie
30UTBIIYEThCA 1 iX CKJIAQAHICTh Ta OOCST pecypciB, SKMX BOHH MOTPEOYIOTb.
[Iporpamu po3mi3HaHHS MOBH CTajd CTBOPIOBATH 1 JJII MOOUIBHHX MPUCTPOIB,
KOJIY iX 00UYHCITIOBAJIbHI MOTYHOCTI JOCSTIIA IOCTaTHHOTO PiBHSI.

Ha nanuit MOMEHT iCHye 3Ha4UHa KUIBKICTb IIPOrpaM Ta YTHIIT, 110 MOXYTb
BUKOHYBaTH a00 HamaBaTH (DYyHKIIT JUIsl po3Mi3HAHHS MOBU. BOHM MOXYTb Oyau

rOTOBUMH TNPUKIIAJHUMU MporpamMaMu abo JIBMXKKaMH, 110 BOYAOBYIOThCS y 1HIII
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CHUCTEMH, BOHU MOXKYTh OYJH 3 BIIKPUTHUM a00 3aKPUTHUM BHXIJHUM KOJIOM, 1 BCi
BOHU MAalOTh Pi3HI BJIACTUBOCTI Ta Pi3HI MOKA3HUKU €(EKTUBHOCTI MPHU BUKOHAHHI
1JI60BO] 3a1a4i.

O06’eKTOM JOCTIKEHHS € CHCTEMH PO3Mi3HAHHS ITPUPOTHOI MOBH.

[IpeamMeToM  NOCHIDKEHHS € METOAM Ta TMPOIECH  aKyCTUIHOTO
MOJICTIOBaHHS Y pO3Ii3HAHHI MOBH.

Metoro poOOTH € TiABUIIEHHS SKOCTI CHCTEMU pO3Mi3HAHHS MOBH 3
BIJIKPUTUM BHIXiJTHUM KOJIOM.

[Tix maBUIIEHHSIM SKOCT1 OyeMO PO3YMITH TMOJIMNIIIEHHS TaKUX TMTOKa3HUKIB,

SK TOYHICTb Ta MIBUAKICTb MPOLIECY PO3MI3HAHHS.

JUist  MOCATHEHHS TOCTaBJIEHOT METH y POOOTI HEOOXITHO BUPIIIUTH
HACTYIHI B3a€MOITOB’ I351H1 3a1a4i:
1) ormsim Ta aHami3 MPEIMETHOI 00JacTi, 30KpeMa BiIKPHUTHX CHUCTEM
PO3ITi3HAHHS MOBHU;
2) OIJIAJ Ta aHaJi3 METOJIB Ta AJITOPUTMIB aKyCTUIHOTO MOJICITIOBAHHS;
3) moaudikarlist iCHyrOUOT CUCTEMH;
4) miaroToBKa HaBYAJIBHMX Ta TECTOBUX JAHUX;

5) TecTyBaHHS Ta MOPIBHSHHS JIEKIJTHKOX BapiaHTIB CHCTEM.
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BHUCHOBOK

B pesynbTaTi mpoBeneHoro y po0oTi OISy Ta aHalI3y NMpeaMeTHOI 00J1acTi
oOpaHo 06a30By cucTeMy ISl TOJANbIIOI POOOTH Ta KpHUTEpli ISl OLIHKH
MaOyTHIX Pe3yIbTaTIB.

B pesynpraTi mpoBeaeHoro y poOOTI OTsAAy Ta aHAi3y METOIB
MOJICTIOBaHHS 00paHO METO]T Ta Crocid JyIs Horo peaizariii.

BusnaueHo Ta peanizoBaHO alrOpUTM Ta CTPYKTYpY HOBOi CHCTEMH,
BUKOHAHO MOAM(iKaLil0 00paHOi paHille CUCTEMHU.

HaBuanbHi Ta TecTOBI JaH1 MEpeBIPEHO, MEPEBENCHO y MOTPIOHUMN (opmar.
CdopMoBaHO HABYAIIBHUIM MAacHUB J@HUX 3HAYHOTO 00CATY, C(POPMOBAHO TECTOBI
MaCHBH JIaHUX.

[IpoBeneHO MOPIBHSUIbBHE TECTYBAHHS CHUCTEM, MPOAHATI30BaHO PE3YJIbTATH
TecTyBaHHs. HoBuUI BapiaHT CHUCTEeMH Ma€ Kpalll T[OKa3HUKA TOYHOCTI
pO3II3HaHHA, HIXK 0a30BUI BapiaHT, 1 Maike IICHTHYHI MOKA3HUKW IIBUIKOCTI
pO3Mi3HAHHS, MPOTE MOTPeOye 3HAYHO OUIBIIE Yacy JJII HABYAHHS CHCTEMH.

B MaiiOyTHbOMY IOCHIIKEHHSI MOKHA MPOJIOBKUTHU JEKUTBKOMA CIIOCOOAMH.
Moskna cipoOyBaTH Jajii MOKPAIIUTH SKICTh POOOTH CHUCTEM, MOXHA MPOOyBaTH
EKCIIEPUMEHTYBATH 3 apXITEKTypor MOAM(DIKOBAHOI CHUCTEMH ISl MOJABIIOTO
MOKpPAIIEHHs] TOYHOCTI a00 MIBUAKOCTI HaBYAHHS, MOXXHA 3a/isiTU HAaBYaJIbHI Ta
TECTOBI MACHBH JIAaHWX 3HAYHO OLIBIIIOTO OOCHTY.

MO>KJIMBOCTI MPAKTUYHOTO 3aCTOCYBAaHHSA HASBHUX CHUCTEM OOMExkeH1, 00
xo4a cuctema Sphinx po3moBcropkyeThes mif minensiero Tumna BSD, sika mo3Boisie
KOMepIiiiHe MOUIUpeHHs, aine Bukopucranuit koprnyc TED-LUIM mae oOMexenHs
Attribution-NonCommercial-NoDerivs. Cuctemu Ta nomatkv, moOyaoBaHi Ha
TED-LIUM, Mo>xHa 3acTOCOBYBAaTH JIMIIE Y HAYKOBO-AOCTITHULBKHUX IIISIX.

ABTOpOM OMyOJIIKOBAaHO TE€3M, BIAMOBIAHI AaHIA poOOTI, HA KOH(EpEeHIil
«Iadpopmariitai cuctemu Ta Texuosorii ICT-2019» [32] Komiro my6umikarrii

MPEJICTABJICHO y A0AaTKy B.
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