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AHOTAIIISA

VY cydyacHOMy CBITI TEXHOJIOTIi HENEPEPBHO pPYXalOThCA Y HaNpPAMKY
aBTOMATH3aIli 1 00JICTIIICHHS JIFOJICHKOTO KUTTS. Y Cl po3po0KH y chepi MaTuHHOTO
HaBYaHHs 1 HEMPOHHUX MEPEX, CIIPSIMOBAHHI HA PO3B’s3aHHA 3a]a4, Ha fK1 JIETKO
3[aTHA JIIOJIMHA, aJl€ € CKJIAJHUMH 3 MaTeMaTU4HOI TOUKH 30py. OJHOIO 3 TaKMX
3aJ1a4 € TPAHCIIOBAHHS JIIOJICBKOI MOBU Y BUTJISIII TEKCTY, ajle 1HKOJIM BUHUKAIOTh
CUTyallli y SKMX I 3ajladya CTa€e JayKe CKJIQJHOI0, NMPpHU T'y4HiA 0OCTAHOBIN, KOJIU
JIOAMHA TOBOPUTH HAJTO IIBUIKO a00 HE JOCTAaTHHO YITKO BUMOBIISE CJIOBa, a00 3a
SKMXOCh OOCTaBHH, 3BYK 3arajloM BIICYTHIM. ¥ Takux BUMaJAKax MiABUIIUTH SKICTb
pO3Ii3HaBaHHA MOBU MOK€ YMTAaHHS 10 rydax. LIs 3aaua He € TpUBIAIBHOIO SIK JJIs
JIOAVHMA Tak 1 A Komm’'roTepa. Tomy came mo co0i yuTaHHS MO T'ybax He Jae
BHUCOKHUX PE3YJIbTaTiB B PO3Ii3HABAHHI MOBH, ajie¢ Pa30M 3 IHIIUMH TEXHOJIOTISIMU
M1JBUILYE AKICTh PO3MI3HABAHHS MOBH.

Meroto poboTu € po3poOka CUCTEMH 3YUTYBaHHS MOBH MO Ty0ax 3a
JIOTIOMOTOI0 HEHPOHHOT MEpeXKi 3 HEBEJIMKOK KUIbKICTIO BUMOBJICHUX CJIB Ha
JTAHOMY BIJIPI3KY BIJCOPSIY.

Y numuioMHi# po6OTI 3a A0MOMOroro 010J110TeK Il MAIIMHHOTO HaBYaHHS
keras cTBopeHa 3ropTkOBa HEHpPOHHA MEpeka, siKa Ma€ I’ STh MIapiB 3TOPTKH, /1B
MPUXOBAHMUX TMOBHO3B SI3HKUX IIapy 3 GyHKII€r0 aktuBailii reLU 1 Buxigauii map 3
¢dyHkiiero aktuBarii SOftmax. ¥ sikocti HaBYaIBHOT MHOYKUHH OYJIO BUKOPHUCTAHO
HaOip ganux MIRACL, sxuit cknamaerscs 3 3000 3paskiB 20 yHIKaJIbHHUX CIIIB.
[Ticnst HaBYaHHS HEMPOHHOT MEPEXKi, TECTYBaHHS CUCTEMH MOKa3aJ0 TOUHICTh 55%.

[lepcnexkTBaMu pPO3BUTKY € HaBYaHHS 3rOPTKOBOI HEMPOHHOI MEpPEXi Ha
MHO’KHHI 3 OUTBIIOI0 KIJIBKICTIO YHIKAJIBHHUX CIIB 1 3pa3KiB.

Bukopucratu 1aHy HEHPOHHY MEpEeXYy MOKJIMBO SIK JOMOBHEHHA /10 1HIIOL
TEXHOJIOT1i pO3Mi3HaBaHHs MOBH a00 SIK CAMOCTIMHY TEXHOJIOT1I0 YUTaHHS 10 Ty0ax

y cdepi 6e3nexu abo Mmocmyr.



ABSTRACT

In our days, technologies focused on automatization and making human lives
easier. All developments in machine learning and neural networks focused on
solving tasks, that are easily solved by people, but are very hard to be computed.
One of such tasks is to translate human speech into text, but there are situations when
this task becomes much harder, for example loud noise, fast speech, bad
pronunciation, or no sound on video at all. In these cases lip reading is the way to
Increase accuracy. This task itself is much harder for people and computer to solve,
and do not have good enough solutions, but as a part of combination with other
technologies it increase accuracy of speech recognition.

Graduate works purpose is to create a system that lip-reads few words from
video, using neural network.

In graduate work convolutional neural network had been created, using library
for machine-learning Keras. It consists of five convolutional layers, two hidden
layers with reLU activation function and output layer with softmax activation
function. MIRACL dataset had been used for neural networks learn. It includes 3000
samples of 20 unique words. After neural network learning process, tests showed
55% system prediction accuracy.

This system can be used as an addition to another speech recognition

technology, or as solo self-found system in security and service fields of usage.



AHHOTAIUS

B coBpeMEHHOM MHMpE TEXHOJIOTUU HENMPEPBHIBHO JBUTAKOTCS B HAIIPABJICHUE
aBTOMAaTU3allMd W OOJETYeHUs >KW3HW YeloBeka. Bce paspabotku B cdepe
MaIIMHHOTO OOy4Y€HHsS W HEHPOHHBIX CeTel HampaBiIeHbl Ha peUIeHUE 3ajady,
KOTOPBIE JIETKO PEIMIAIOTCS YEJIOBEKOM, HO CIIOXKHBI C MAaTEMAaTHYECKOM TOYKH
3penus. OHON M3 TakuX mpobiieM sBIsETCs mpeoOpa3oBaHUE pEUM YEJIOBEKa B
TEKCT, HO WMHOTJA BO3HUKAIOT CHUTYallMd, B KOTOPBIX 3Ta 3aJaya CTAET OYCHb
cinoxHoi. Hampumep, B TpoMKOH 00CTaHOBKE, KOT/Ia YETOBEK TOBOPUT CIUIITKOM
OBICTPO WM HEPa300pUMBO, WM 3BYK 1O TEM WM WHBIM MPUYMHAM IOJHOCTHIO
OTCYTCTBYET. B Takux ciyyasx MOBBICUTH Kau€CTBO PACIIO3HABAHUE PEUYHU MOKET
yTeHue 1Mo rybaM. DTo He TpUBHAJbHAS 3a/Jaya Kak JUIsl 4elloBeKa, TaK U JUIs
koMmibtoTepa. Iloaromy camo mo cebe uTeHue mo rydbam HE JaeT BBICOKHX
pe3yibTaTOB B pPACHO3HABAHMM pPEYM, HO BMECTE€ C JAPYTUMH TEXHOJOTUSIMU
NOBBIIIAET KAYECTBO PACIIO3HABAHUS PEYH.

Lens paboThl — pa3paboTaTh CUCTEMY CUHUTBIBAHHUE peud MO rydam c
MOMOUIbI0 HEHPOHHOW CETH, HAa OTpEe3Ke BUACOPsIA, C HEOOJBIINM KOJINYECTBOM
CJIOB.

B numioMHol paboTe ¢ MOMOIIbI0 OMONIMOTEK JJII MAIIMHHOTO OOy4eHUs
keras co3maHa cBEpTOUHAs HEMPOHHAs CETh, COCTOSIAS U3 MSATH CIOEB CBEPTKH,
JIBYX CKPBITBIX CJIOEB C aKTHUBAaMOHHOW (hyHKkumen reLU, u BBIXOJHBIM CIIOEB C
akTuBanMoHHOW (yHknuer Softmax. B kadectBe oOywaromiero MHOXKeCTBa OBLT
ucrnonb3zoBan Habop nmanHeix MIRACL, cocrosmuit u3 3000 obpasmoB u 20
YHUKaIbHBIX cJ0B. [locne oOydeHuss HEHPOHHOM CETH TECTUPOBAHHUE IOKa3ajio
TOYHOCTH 55%.

[lepcnexkTuBbl pa3BuTUd — OOy4YeHHE CBEPTOYHOM HEHUPOHHON ceTh Ha
00y4JarouieM MHOYXKECTBE C OOJIbIIUM KOJMYECTBOM 00pa3LoB U YHUKAIbHBIX CJIOB.

Hcnonb30BaTh TaHHYIO HEUPOHHYIO CETh MOYKHO, KaK JOIIOJHEHHUE K APYron
TEXHOJIOTUM PACIIO3HAHUS PEYM, TaK U KaK CaMOCTOATEIbHYIO CHUCTEMY, B cdepe

0€30I1aCHOCTH WM 00CITY>KUBaHUS.
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ITEPEJIIK CKOPOYEHDL, YMOBHUX IIO3HAYEHD TA TEPMIHIB

CKOpOUYEeHHS:

CTC — Connectionist Temporal Classification,Helipo-MepekeBa TeMropaabHa
Kkiacudikaris

DA-RNN - Dual-Stage Attention-Based Recurrent Neural Network
HCNN — Hahn Convolutional Neural Network

SDK - Software Development Kit

V2P — video2phoneme

LSTM - Long short-term memory JI6Bra kopoTko4acHa mam'sath
3HM, CNN — 3ropTtkoBa HelipoHa Mepeka

KIIH — koeditieHT NIBUAKOCTI HABUAHHS

HM - Helipona mepexa

[ITHM — mityyHna HEeHpOHHA Mepeka



BCTVII

YuranHs no rydax, BayJMBa YaCTHHA JIFOJICHKOTO CIUJIKYBaHHs. SIK mokazanu
excriepuMeHTu 1976 poky, cnpuiiManHs iH(pOpMallii MOPYIIY€eThCS SKILO HAKIACTH
Ha PYXU I'y0 HE OpUTIHAIBHUM 3BYKOBUM psil. JJist Tr0uHU YU TaHHS 1O ry0ax — 1e
BaXUJIMBa HaBUYKA, Ky BOHA BUKOPUCTOBYE Ha pe(IEKTOPHOMY PiBHI, OCOOIHBO
n00pe pO3BHMHYTa y TUIYXO-HIMUX JIIOJICH, a BUKOPHUCTAHHS I1i€l HAaBUYKH Ha
CBiJIOMOMY PiBHI Ma€ BeIuKY cdepy 3aCTOCYBaHHS, HAIIPUKJIIAJ: pO3BiaKa, Oe3meka,
nepeksiagay Juist NIyXuxX Ta 1HIII.

Y o6nacTi KOMI'IOTEPHUX TEXHOJIOTIH cdepa 3acTOCYBaHHS UYMUTAHHS IO
ry0ax TexX Mae BEJIMKUN MpaKTUYHUI moTeHmian. Hampukiaa, MeauuHi CIIyXOBi
amapaTtd, OlOMeTpisi, KaMepu CTEeXKEHHsS, 5Kl HaBiTh B TaJlaciUBId 0OCTaHOBIII
3MOXYTb MMPOYNTATH IO TYOaX pO3MOBH /s 3a0e3meueHHs ep>kaBHOT Oe3neku. Tak
caMo, YHMTaHHA MO ry0ax MiJBUIIY€E TOYHICTh PO3IMI3HABAHHSI MOBU MO 3aco0y
aHaJji3y 3ByKYy B CEpeTHbOMY 3MEHIIYIOUH MOXUOKY Ha 3-5%. SIKI110 3 ypaxyBaHHIM
NOXMOKM CY4aCHUX aJTOPUTMIB, Y SIKUX MMOXHOKa npubmusHo 15%, 3Menmye ii Ha
20-30%.

Hes3Baxkaroun Ha Te, moO 1 cdepa 3acCTOCYBaHHSA, 1 BaXKIMUBICTH CaMoi
TEXHOJIOT1i JyXe€ BelrKa, 3a 0araTo pOKiB, BUEHI TaK 1 HE 3MOIJIM JOCITTU
0CcOONMMBUX YCHIXiB B LIk oOsacti. HaBiTh Jy1si BIZHOCHO TPOCTOT 3 (DOHETUUHOI
TOYKH 30pY, aHTJIIMCHKOT MOBH, 1 Ha CLOTOAHINIHIN JIeHb, TOYHICTh PO3II3HABAHHS
HAaBITh HAMKPAIUX CUCTEM 3aJUIIa€ OakaTH KPaIoro.

Po3nizHaTu MOBY 3a JJOMOMOTOIO MIMIKH JIFOJIUHHM, 11€ CKJIaJHE 3aBJaHHs, 5K
JUTSI CaMoi JIFOIMHM, TaK 1 711 koMmm'totepa. barato gponem 30BHI gyxe cxoxi. Axe,
O0arato OykB (QOpMYIOTBCS HE TUIBKA TOJIOXKEHHSIM Try0, aine 1 Qopmoro 1
MOJIOKEHHSIM SI3UKY, SIKUW y 0araTbox OyKBax pO3TallIOBYEThCsA 3a 3yOamu abo
HEMOMITHUHN B 3B'A3KYy 3 MOTAHOI BUAMMICTIO 1 OJJHOTOHHICTIO 300paKE€HHS, TOMY
HE MBHO, IO JIFOJIMHA JY>KE€ TOTAHO CIPABIIAETHCS 3 UATAHHAM 1o rybax. Haith
HaWKpal( B YMTaHHI CEpel 1HBAJIIIB 31 CIyXy CIPaBISIOTHCS 3 IIUM 3aBIaHHSIM

TIIBKM 3 TOYHICTIO B 16 +-12% mua oxmHOckiamoBux ciiB 1 22 +-11% mna
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0araTockiaaJoBUX, 1 BIIOBIIOBATH 3MICT 1 OyayBaTH pEYCHHS JTOBOIUTHCS 3
NPUITYIIEHh MPO KOHTEKCTI CKAa3aHOro TakK, HI0 MPO TOYHI CHPUMHATTI BCIi€i
1H(pOopMallii MOBU MTH HE MOXKE.

YuranHs no rydbax — oJiHe 13 3aB/laHb MAIIMHHOTO 30pY, SIKE€ 3BOJUTHCS /10
00poOKH BiA€O 3 KaapiB ISt 3YUTYBAHHS POCTOPOBO-UYACOBUX JIMIBOBUX MapKepiB,
aje 3aBJaHHS CWIbHO YCKJIAIHIOIOTH MOCTIMHUA pPyX OCOOM, HHM3bKa SKICTb
BiJieoMaTepialy, a TaKOX HETOYHICTh TEXHOJOTIM MAIIMHHOTO 30py, SKI
BIJICTEXKYIOTh CTaH 1 pyX ocoOu B Kaapi. TakuM YMHOM OCTaHHI PO3pOOKH B Lii
chepi 3MOTIIM PO3MI3HATH TUIBKU JIESIK1 OKpEeMI CJIOBa, ajie He LUIICHI peUCHHS.

Meroto poboTH € po3poOKa CUCTEMHU 3YWTYBaHHS MOBH 10 Ty0ax 3a
JIOTIOMOTOI0 HEHPOHHOT MEpeXl 3 HEBEJIMKOK KUIbKICTIO BHUMOBJICHUX CIIIB Ha
JTAHOMY BI1JIpI3KY B1JICOPSTY.

B pamkax nanoi poOoTu Oysiu MOCTaBICHI HACTYITHI 3a/a4i:

— TMPOBECTHU OTJISAJ ICHYIOUMX IT1JIX0/1IB aBTOMATUYHOTO YUTaHHS MO ry0ax;

— BUJUIMTH 1 ONTMCATH OCHOBHI €Tany poOOTH alrOPUTMIB YUTaHHS 1O ry0ax;

— PO3pPOOUTH CUCTEMY aBTOMATUYHOI'O YUTaHHS MO T'y0ax, 3aCHOBaHY TUIbKU Ha
BI3yasbHOI 1H(OpMaIlii;

— MEpeBIPUTH SIKICTh POOOTH 3aMTPOIIOHOBAHOT CUCTEMH.
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BUCHOBKU

Posmni3zHaBaHHs MOBH 3aC000M 30pOBOT0O CIIPUIHATTS YUTAHHS 110 Ty0ax JIyKe
BXXJIMBA TEXHOJIOT1S 1 Ma€ MUPOKY chepy BUKOpUCTaHHS. AJie cama 1o coOi 3a/1aua
YUTAHHS 110 Ty0ax € MyKe CKJIAIHOIO SIK IS JIFOIMHU TakK 1 U1 KoMIT'IoTepa. HaBiTh
HaWOCTaHHIII PO3pPOOKH B Il cpepi HE Jar0Th JOCUTH TOYHI Pe3yIbTaTH, 110 O Ha
BHCOKOMY PIBHI IIEPEBOIUTH Bi3yaibHy 1H(GOPMAIIIIO IO MiMIIll 0COOM B TEKCT. AJle
OpU BUKOPHUCTAHHI IHIIMX TEXHOJOTIM — TakWxX K ayJio pO3Mi3HAaBaHHS MOBH,
MOXYTh TMIJBUIIUTH TOYHICTh, OCOOJIMBO B pa3l rajgacy abo IpH HEIOCTATHIN
TYYHOCTI BUXIJHOTO ayio MaTepiaiy.

B xoai aurioMHOT poOOTH PO3IJISSHYTH 1 MOPIBHSAHI Kpalll 3 ICHYIOUHX Ha
CHOTOJIHIIIHIN JIeHb PIIIeHb JIJIs Bi3yallbHOT'O PO3Ii3HAaBaHHS MOBH. Maibke BCi
BUKOPHUCTOBYIOTh OJIHY 1 Ty K MOJI€Nb, aJie KOXKHAa Ma€ OCOOJUBICTh, KA TaK 4d
1HaKIIE JO3BOJISIE TOCSATTH KPAIlIUX pe3yJIbTaTiB Ha PI3HUX HABYAJIbHUX MHOXKHHAX.
Tax LipNet nokasye Tounictb 6ubi 93% ane Ha MHOXHHI, IO CKJIanaeThes 3 50
yHikanbHUX cliB. V2P Big DeepMind google xo04 1 He MOKe MOXBAJIUTUCS TAKOIO
TOYHICTIO, 32 T€ MOXE PO3Mi3HaBaTH OuIblIe 127 TUCSAY YHIKQIbHHUX CIIIB.

VY numiomHiM poOOTI CIPOEKTOBAHA 1 peai3oBaHa CUCTEMa 3YUTYBaHHS MOBU
o rybax 3a JIOIMOMOTOI0 3TOPTKOBOI HEHPOHHOI MEpEekKl 3 HEBEIUKOIO KiJIbKICTIO
BUMOBJICHUX CJIIB HA JIAHOMY BIAPI3KY Bijeopsaay. Mojenb 3ropTKoBOi HEHPOHHOI
Mepexi HaBueHa Ta mnpoTecTtoBaHa Ha MHOkHHI MIRACL. TectyBanHsi cuctemu
MOKa3aJio TOYHICTh 55%.

[lepciekTBaMU PO3BUTKY € HaBUaHHS 3TOPTKOBOiI HEWPOHHOI MEpexi Ha
MHO’KHHI 3 OUTBIIOI0 KIJIBKICTIO YHIKAJIBHUX CIIIB 1 3pa3KiB.

Bukopucratu 1any HeMpoOHHY MepeKy MOKJIMBO SIK JOTIOBHEHHS 10 1HIIOL
TEXHOJIOT'1] pO3Ii3HABaHHS MOBU a00 SIK CAMOCTIMHY TEXHOJIOT1I0 YUTAHHS 110
rybax y cdepi 6e3mneku abo mociyr

3a pe3ynbpTaTaMu AUIUIOMHOT pOOOTH MMiITOTOBJIEH] 1 OMyOIiKOBaHI T€3H Ha

koHpepeHiiiro [10]
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