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UDC 004.8
JAvutpo CMiHuii,
Ounekciii AjlemeHKo
PO3III3HABAHHSA MOBH
3 BUKOPUCTAHHSAM TEXHOJIOI'II INIMBOKOI'O HABYAHHS

SPEECH RECOGNITION WITH DEEP LEARNING TECHNOLOGY USING

B naniit craTTi posrisnaeTbes mpodiaema po3ni3HaBaHHS MOBHM KOPUCTYyBaya 3a
JIOTIOMOTOI0 TEXHOJIOTIi TNMOOKoro HaB4YaHHsS. JlJisi BUPIMIEHHS MOCTaBIICHOT 3aadyi
OyJ0 TaKOoX 3aCTOCOBAHO MiAXiJ 3 PEKYpPeTHHUMHU HEWPOHHUMH MepekaMHu Ta
neperBopeHHsiM Dyp’e y poni MaTeMaTH4YHOI Mojemi. TeKCT IUKTYeThCs uepe3
Mmikpodon BehringerC-1U. CioBom ju1st HaBuaHHS Mepexi BUcTynae «IIpuBiT.

KarouoBi ciioBa: pekypeHTHI HEHpPOHHI Mepexi, TJIMOOKE HaBYaHHS,
nepeTBopeHHst Dyp’e, TUCKpeTU3ALIS.

Puc.: 4. bi6n.: 5.

This article examines the problem of recognizing speech using deep learning
technology. 1 was also used an approach with recurrent neural networks and Fourier
transformation as a mathematical model to solve the problem. The text is dictated by the
Behringer C-1U microphone. The word for training the network is Ukrainian hello —
“pryvit”.

Key words: recurrent neural networks, deep learning, Fourier transformation,
sampling.

Fig.: 4 Bibl.: 5.

AKTyaJIbHICTh TeMH AocCaifxkeHHs1.B Hamomy iHdopmalliifHOMy CBITI Bce
YacTilie mocTae npodjaemMa KOMyHIKAIl 3 TUMH, YU IHITUMU MPUCTPOSMU OJTHOYACHO.
OCKUTBKH 17151 KOKHOTO MIPUCTPOIO MOTPiOHO MPHUIAYMYyBaTH BJIACHUI KOPUCTYBALIbKUI
inTepdeiic. Kyam sk 3pyuHimie, s KOpPUCTyBadya, BUKOPHUCTOBYBAaTH T'OJIOCOBI
KOMaHAM Ui KEepyBaHHA pI3HOMaHITHUMM JieBaiicamu. AJpke 1ie mo30aBisie
JOJATKOBUX BUTPAT JUIs PO3POOKM TOTO K KOpHCTyBalbkoro iHtepdeiicy. Ta i
IHCTPYKIIIi 0 TaKuX TPHUCTPOiB OyayTh HabaraTto 3po3ymuiimii i mpoctimi. Hy a
BUKOPHUCTAHHS TJIMOOKOTO HAaBYaHHS, B JIAHOMY BHIAJKYy, 3JCIICBIIOE 1 YHI(DIKYy€E
PO3pOOKY TEXHOJIOTIi TOJIOCOBOTO KEpyBaHHS IS pi3HMX MOB 1 kpain. JlaHa crtaTTs
IpUCBSYCHA MPOOJIEMi TOJIOCOBOIO KEpPYBaHHS caMe€ YKpaiHCHKOIO, aJKe, Ha JKalb,
TaKUX CUCTEM came JUIsl Halllol MOBH MOKH JIy’Ke MaJlo.

IMocTanoBka mnpodaemu. [IpakTHYHO MOBHA BIJCYTHICTH CHCTEM pO3IMi3HA-
BaHHS TOJIOCY JJIsi YKPAiHCHKOTO CErMEHTY KOpPUCTYBadiB IHTepHETYy, CTBOPEHHX Ha
OCHOBI TJIMOOKOTO HaBYaHHSA. A PIlICHHS, K1 BXKE TOTOB1, HEIOCKOHAI.

AHai3 ocTaHHIX gocaimkeHb i myoOaikamiii. 3a ocTaHHI POKHM MOXKHA
no0aYnTH 3HAYHE IM0KBABJIECHHS PO3BUTKY CHCTEM po3mi3HaBaHHA ronocy. Cepen
HaWBiOMImMMX TMpukIaaiB e AmazonAlexa, GoogleNow, Siri, Anuca Big Yandex.
Bci BoHM 3acHOBaH1 Ha HeMpoHHUX Mepexax. OHaK, BapTO 3ayBaXKUTH, 110 BOHU 200
HE MIATPUMYIOTh YKPAiHCBKY, a00 MiATPUMKA JTaHOI MOBHM BKpail oOMmekeHa. Tomy B
CTaTT1 pO3MIISLIAETHCS crienu@ika po3Mi3HaBaHHS TEKCTY YKPaiHChKOIO.

Bungisiennss HexocJiXKeHMX YaCTHH 3arajbHoi nmpodjemu. B maniii crarri
OCBITJICHA MpoOeMaTHKa PO3Mi3HABAHHS T'0JIOCY, SKIIO JIOAMHA TOBOPUTH YKPaTHCh-
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koto. [Ipu 11bOMy, BUKOPUCTOBYETHCSI TEXHOJIOT1sI TITMOOKOTO HaBuaHHs. J{ocmimKeHHs
chokycoBaHl Ha TeHepalii TEeKCTy Ha OCHOBI rOJIOCY, SIK TaKOro, Ta 3aCTOCYBaHHS
JIAHO1 TEXHOJIOTI MO BiTHOLIEHHIO JI0 YKPaiHChKO1 MOBH.

IlocTanoBKka 3aBJAaHHs. 3aBJaHHSIM JaHOi CTaTTI € CTBOPEHHS MOJENI, IO
Oyzae mpairoBaTH 3 YKpaiHCBKUMHU CJIOBaMHU (B JaHOMY BHIAJIKy, CIIOBO «IIPUBITY),
po3mi3HaBaTH X, Ta BUAABATH MPABIUBUN TEKCT BIAMOBITHO IO HATUKTOBAHOTO.

Buknanenns ocHoBHOro marepiany.lonoc, sik 1 Oynb-sIKuii 3BYK, MPEICTABIISIE
CO0OI0 HETIepepBHY XBWIIIO 3 PI3HOK aMIUTITYIOI0 B Pi3HI MOMEHTH 4acy. OCKLUIbKH,
Cy4aCHH KOMI'IOTEp - MalllMHa LU(pOBa, a HE aHAJIOroBa, TO WOMY I PO3YMIHHS
iH(opMalli, 10 MepelaeTbCs roJI0COoM, MOTPIOHE MPECTABICHHS OCTAHHBOI Y BHUITIAII
udpoBoro curHaity. s 1bOro BUKOPHCTOBYIOTH JUCKpeTH3alliio. B 3arampHOMYy, 11€
TEXHOJIOT 151, SIKa JTO3BOJISIE OTPUMYBATH JIaHHI B TIEBHUI MOMEHT Yacy 3 MEBHOIO YaCTOTOIO
[1]. dns mroackkoi MOBH JIOCTaTHRO YacToTu auckperusarii B 16 kI (16000 pasiB 3a
CeKyH/ly OTPHUMYEMO 3HAueHHs amInlTyau). Temep omudpyemo Hame«lIpusit» 16000
paziB Ha cexyHy. [lepmii 100 To4ok HaBe/IeHI HA PUCYHKY:

[-1214, —‘1752, -1160, -986, -792, -69Z, -614, -429, -286, -134, -57, -41, -169, -456, -430, -541, -761, -1067, -1231, -1047, -952, -045, -489, -444
3 Sty sk kR S Gl Sl R vl 198 399, 461, 772, 948, 1451 1974, 2624, 3793, 4968, 5939, 6057, 6581, 7302, 7640, 7223, 6119, 5461,

482@ 4353, 3611, 2740, 2004, 1349, 1178, 1085, 901, 301, -262, -499, -488, -707, -1406, -1997, -2377, -2494, -2605, -2675, -2627, -2500, -2148, -
1648, -070, -364, 13, 260, 494, 788, 1011, 938, 717, 507, 323, 324, 325, 350, 103, -113, 64, 176, 93, -249, -461, -606, -909, -1159, -1307, -1544)]

Puc. 1. KoxxHe YuCIIO MOKa3ye aMILTITY1y 3BYKOBOI XBHJI
sk 1/16000-01 Bl CEKyHIHOTO IHTEpPBATY

MoskHa NpUITyCTUTH, IO BHACIIJIOK TaKOi JUCKPETH3allil BTPAYaeThCsl YaCTHHA
iHpopmamii. Tomy, nans OUIBII TOYHOTO BIAOOpaKEHHS 3BYKY CKOPUCTAEMOCS

Teopemoro BiiTikiB BitTakepa — HaiikBicta — KotenbankoBa — IllenHoHa:
sin(x)

x(t) = Yre_wx(kA)sinc [ (t — kA)] ne sinc(x) = — ()
1
a inTepBas guckperusanii 0 < A< 7

c

Takum 9UHOM, MU OTPUMAEMO PE3YIIbTAT, 300paKEHUI Ha PUCYHKY 2.

Jlns monermeHHs poOOTH HEHPOHHOT MEpeki, MU po3numiian 3amuc Ha 20
MIJTICeKYH/IHI 1HTEpBaJIM, 1 HABYUATUMEMO MEPEXKY Ha HUX.

Mu po3kiiagaeMo 3BYKOBY XBWIJIFO Ha TPOCTIIli 3BYKOBI XBHWIIi, 3 SIKHX BOHA
CKJIaa€Thcs. Maroun OKpeMi 3BYKOBI XBHJI, MH JIOJJA€EMO TOTYXHICTh 3BYKY IS
KO>KHOI1 3 HUX.

2, -1160, -986, -792, -692, -614, -429, -286, -134, -57, -41, -169, -456, -450, -541, -761, -1067, -1231, -1047, -952, -645, -489, -448

212, 193, 114, -17, —110 128, 261, 198, 390, 461, 772, 948, 1451, 1974, 2624, 3793, 4968, 5939, 6057, 6581, 7302, 7640, 7223, 6119, 5461,

4820, 453 3611, 2’4@ 2004, 1349, 1178, 1085, 901, 301, -262, -499, -488, -707, —1406 -1997, -2377, -249%4, -2605, -2675, -2627, -2500, -2148, -
1648, -970, -364, 13, 260, 494, 788, 1011, 938, 717, 507, 323, 324, %75 350, 103, -113, 64, 176, 93, -249, —461, -606, 79@9, -1159, -1307, -1544,
-1815, -1725, -1341, -971, -959, -723, -261, 51, 210, 142, 152, -92, -345, -439, -529, -710, -907, -887, -693, -403, -180, -14, -12, 29, 89, -47, -

398, -89, -1262, -1610, -1862, -2021, 720”, JOS -2023, -1697, -1360, -1150, -1148, -1091, -1013, -1018, -1126, -1255, -127@, -1266, -1174, -10
03, -707, -468, -300, -116, 92, 224, 72, -150, -336, -541, -820, -1178, -1289, -1345, -1385, -1365, -1223, -1004, -839, -734, -481, -39, -580, -52

7, -531, -376, -458, -581, -254, 7277, 5@, 331, 531, 641, 416, 697, 8§10, 812, 759, 739, 888, 1008, 1977, 3145, 4219, 4454, 4521, 5691, 6563, 6909,
6117, 5244, 4951, 4462, 4124, 3435, 2671, 1847, 1370, 1591, 1900, 1586, 713, 341, 462, 673, 60, -938, -1664, -2185, -2527, -2967, -3253, -3636, -38
59, 3723, -3134, -2380, -2032, -1831, -1457, -804, -241, -51, -113, -136, -122, -158, -147, -114, -181, -338, -266, 131, 418, 471, 651, 94, 1295,
1267, 1197, 1291, 1110, fqa 514, 370, 174, -99, -139, 104, 334, 407, 524, 771, 1106, 1087, 878, 763, 591, 471, 91, -199, -357, -454, -561, -605,
552, -512, -575, -669, -672, -763, -1022, -1435, -1791, -1909, -2042, -2563, -2853, -2893, 2740, -2625, -2556, -2385, -2138, -1936, -1803, -1649,
-1495, -1460, -1446, -1345, -1177, -1088, -1072, -1003, -856, -719, -621, -585, -613, -634, -638, -636, -683, -819, -946, -1012, -964, -836, -762,
-788]

Puc. 2. ]IBagusti MUTICEKYHIHUN (hparMeHT AMCKPETU30BAHOTO 3aIHUCY CIIOBA «IIPUBITH
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Ile moxHa 3pobuTH 3a JOMOMOroro mneperBopeHHs Pyp’e. Mu poskiamaemo
3BYKOBY XBUJIIO Ha MPOCTIII 3BYKOB1 XBHUJI, 3 IKUX BOHA CKJIQAA€THCS. Marouu oKpemi
3BYKOBI XBHJII, MU JIOJIAEMO TIOTY>KHICTb 3BYKY Ul KOXKHOI 3 HUX [3].

flw) ==, f)e ™ dx. @)

B pesynbTarti, OTpuMaEMoO OIIHKY Ba)KJIMBOCTI KOXXHOTO YaCTOTHOTO Jiala3oHy,
BiJl HU3bKMX YaCTOT JIO BUCOKHX:
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Puc. 3. Tlpeacrapnenns kiibkocTi eHeprii B 50 ['1 yacToTHUX Bifpizkax

Tenep MoOkHa CKJIACTH CHEKTpOrpamy, IO I TOJICTIIUTh poOOTy HEHPOHHOI
Mepexi, apke i Oy1e mpOCTilie 3HaXOAUTH MAa0J0HH B TaKUX JaHHUX, HIK B TIPOCTHX
3ammucax 3ByKY:
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Puc. 4. TloBHa cieKTporpama ayzio3amnucy clioBa «IpUBIT»

BukopucTtanHus x peKypeHTHUX HEMPOHHUX MEPEX 3HAUYHO MPHUIITBUIINTH HaB-
YaHHs caMoi Mepexi. PekypeHTHI HeMpOHHI MEpexi — 1€ Kiac IMTYYHUX HEHPOHHUX
MepexK, y SKOMY, 3’€JHaHHS M By3JamMH — opieHToBaHui mwmkia [4]. Ile, B cBoro
Yepry, CTBOPIOE BHYTPIIIHIM CTaH MEpeXi, 10 J03BOJISAE il MPOSBISITH AUHAMIYHY
MOBE/IIHKY B 4acl. A Iie O3Hauae, 10 JaHa Mepeka Ha KOXKHOMY HACTYITHOMY KpOIIi
BpPaxoOBYy€ pe3yJbTAaTH TMOMEpeaHIX KpokiB [5]. 3Biacu, KokHAa OyKBa, BHU3HAYCHA
Mepekero, MOBHHHA BIUIMBATH HAa MMOBIpHY HacTymnHy OykBy. Hampukmiaz, sSKmo mMu
CKa3aJu «MpHUB», TO IMIBUAIMIEC 3a BCE, Al CKAXKIMO «IT», 100 3aKIHYUTH CJIOBO



Section 3. Al ICSFTI2018 223

«TPUBITY. ﬁMOBipHiCTb, [0 MU CKQKEMO III0Ch HEBUMOBHE, HANPUKIAJ] «ILIXI,
HaJ3BUYaiHO Mana. TakuM 4YMHOM, 3amaMm'sITOBYIOUM TOIEPEIHI pe3yJbTaTH, Halla
Mepexka 3MOKe poOUTH OLIbIII TOUHI IPOTHO3U B MailOyTHHOMY.

Jocaigu. BHacmiok NpoOBEACHUX JOCHIAIB, MH OTPUMAIM pe3yJbTar
«[IMTPPPPP__ MM BB I TTTTT». Ha nepuiii iTepanii, BUiaiasieMo 3aiiBi JiTepu:
«IIP_ MM B I T». Ha 2-ii1 iTepauii, Bunansemo npomycku — « [IPUBIT».

BucnoBku. [IpoBeneHO MOCIHIKEHHS TEXHOJIOTiM pPO3Mi3HABAHHS TOJOCY Ha
OCHOB1 PEKYpPEHTHHUX HEUPOHHHX MEPEXK. 3alpoOrOHOBAHO MOJENb PO3Mi3HABAHHS
rojocy ykpaiHcbkoro. HaBeneni pesynbratu  gocmifgiB. OTpuMmani pe3yibTaTu
MOKa3aliy, 110 3aCTOCOBAaHUI AJITOPUTM JUIS PO3II3HABAHHS TOJOCY KOPHCTyBaua, €
edexkruBHUM. O/IHAK, HABYAHHS MEPEX1 Ma€ Taki HEJOJIKU, K MOTpeda y BETUKOMY
o0csATy OMHOTHUMHOI i1HGOpMaIlii A Kpamoro HaBYaHHS MeEpeXi Ta TOYHIIIOTO
po3mizHaBaHHs Tojocy. ToO0TO, /Ui JOCKOHAJIOTO PO3Mi3HABAHHS CJIOBA IIPUBIT»
MOTPiOHO ONMM3BKO ABAIIATH TOJOCOBUX 3allMCIB IIHOTO CJIOBA 3 PI3HHM TEMOpOM,
MIBUAKICTIO BUMOBJIISIHHS CJIOBA Ta aMILTITY 100 3BYKOBO1 XBUIIL.
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Dmytro Smishnyi, Oleksii Aleshchenko

SPEECH RECOGNITION
WITH DEEP LEARNING TECHNOLOGY USING

Task urgency. Problem of communication with a large set of devices at the
same time increases too fast in our information world. It's because each device
requires its own user interface. Wherever convenient, for the user, use voice
commands to manage various devices. This reduces the cost of developing UL The
instructions for such devices will be much clearer and simpler. Well, using of deep
learning, in this case, cheapens and it unifies the development of voice control
technology for different languages and countries. This article is devoted to the problem
of voice control in Ukrainian, after all, unfortunately, there are very few such systems
for this language.

Formulation of the problem. Practically complete absence of voice
recognition systems for the Ukrainian segment of Internet users. The solutions that are
already ready are imperfect.

Actual scientific researches and issues analysis. In recent years, you can see a
significant boost in the development of voice recognition systems. The most famous
examples are Amazon Alexa, Google Now, Siri, Alice from Yandex. All of them are
based on neural networks. However, it is worth noting that they either do not support
Ukrainian, or support for this language is extremely limited. Therefore, the article
deals with the specificity of the recognition of the text in Ukrainian.

Uninvestigated parts of general matters defining. In this article the issue of
recognition of voice is covered. The technology of deep learning is used. Research
focuses on the generation of text based on voice, as such, and the use of this
technology in relation to the Ukrainian language.

The research objective. The purpose of this article is to create a model that
will work with Ukrainian words (in this case, the word Ukrainian "hello"), to
recognize them, and to publish true text in accordance with the dictation.

The statement of basic materials. This article describes a method for
generating text based on the Ukrainian speech. The analysis of the described stages of
speech recognition based on the technology of deep learning is carried out.

Conclusions. The study of voice recognition technologies based on recurrent
neural networks. A voice recognition model for Ukrainian language was proposed.
The results of the experiments are presented.

Key words: recurrent neural networks, deep learning, Fourier transformation,
sampling.



