KuiBchkuit HanioHanbHU yHiBepcuTeT iMeH1 Tapaca llleBuenka
®dakynpTeT 1HGOPMAIIMHUX TEXHOJIOT1H
Kadenpa nporpaMHUX CHCTEM 1 TEXHOJIOT1iH

Y JIK 004.056.55 Ha npasax pyxonucy

BUITYCKHA KBAJII®IKAIIMHA MATICTEPCBKA POBOTA

Tewma: ¢ Inentudikartis roxocy gukropa ”

CrentianpHicTh — 121 “IHxeHepis mporpaMHOro 3a0e3neueHHs”

HOACHIOBAJIBHA 3AIIMCKA

BP.II13 — 30.00.00.000

Crynent
II13m-21 /Cranicias CUPOI ]I/
HaykoBuii kepiBHUK
K.T.H., JIOII. /Tersna KOBAJIFOK/
Koncynerant

3 IUTaHb HOPMOKOHTPOJIIO
K.T.H., aCUCTEHT / Anacracit BEHEPKOBCBKA /
JlommyckaeTbest 10 3aXUCTy
3aBigyBau kadenpu
J.T.H., Ipod. /Onexciit BUUMKOB/

Kuis — 2022



Pimenusam Ex3amenariiinoi komicii

BUITyCKHA KBamiQikalliifHa podoTa CTy/IeHTa

3aXUIlEHA 3 OL[IHKOIO

I'onoBa Ex3amenariiiitnoi komicii

1.T.H., ipod. Auapiit BOHJIAPUYK



KuiBcbkuii HaiOHALHUH yHIBepcuTeT iMeHl Tapaca [lleByenka
dakynpTeT IHPOPMAIIHHIUX TEXHOIOT i
Kadenpa mporpamamnx cucteM I TeXHOIOT I

CrrentianmpHicTh 121 “lHKeHepis mporpaMHOro 3ade3mneyeHHs”

3ATBEPJDKYIO
3aBimyBau kadeapu
POTrPaMHHX CHUCTEM I
TEXHOJIOT I
« » 2022 p.
3ABJAHHS
HA BUITYCKHY KBAJII®IKALIMHY MAT'ICTEPCBKY POBOTY
CTYJAEHTY

Cupoina Cranicinara QOueropuya

(mpi3Bwie, iM’s1, MO GATHKOBI)

1. Tema BumyckHOT kBauihikamiiHOT MaricrepchkOi POOOTH: __ “ I'0;10c0Ba ineHTHdIKALLIS
JTUKTOPA
3aTBePKeHA HAKA30M BHUIIOr0 HABYAIBHOIO 3akiany Big " " rpyaus 2021 poky
Ne
2. CTpOK 3184l CTy/IeHTOM 3aKIHYeHOT POOOTH: 3 710

3. Buxigui mani 10 po60Tu: 3 BUKOPHWCTAHHAM Biakputux 0i0aiorek tensorflow, numpy

pPO3p0OuTH NPOrpamue 3ade3neyenHs mo IneaTudikye TUKTOPA M0 roja0cy




4.3MicT MOSICHIOBATBHOT 3aMUCKU (TIePesIiK MUTaHb, M0 iX HAJICKUTH PO3POOUTH):

1) cyyacHl cucteMu Ta TeXHOI0rIi PO3II3HABAHHS TOJIOCY

2) MeTOM Peatizaiili HeMPOHHUX MePex U1 PO3II3HABAHHS TOJI0CY,

3) nporpamMue 3ade3neueHHs roja0coBOi inenTudikanii

5. [epenik rpadiaaoro marepianry (3 TOYHUM 3a0€31eUeHHIM 000B’ I3KOBHX KPECIICHB):
1) miarpama npeneaeHTiB BUKOPUCTAHHSA CUCTEMHU,

2) OVHKIIIOHAIBLHA CXeMa CUCTEMU rO10cOBO1 IneHTudikamii/Bepudikaiii 0coou

3) Cxema HaByanus Ta dyakuionysanus UBM-GMM:;

4) Cxema aJropuTMy poOOTH CUCTEMU




6. KoucympranTu 3 po00TH I3 3a3HAYEHHsSM pPO3aAlIiB POOOTH, MmO iX

CTOCYIOThCS
ITigmnmc, nara
Po3min KoncynbTant 3aBIaHHA 3aBaaH
BUJIAB HSI TIPUMHSIB
| Kosamrok T.B.
11 Kosamoxk T.B.
111 Kosamok T.B.
|V Kosamrok T.B.
7. Jlata Bumaul 3aBIaHHS «___ » 2022 p.
Kepisuuk kBaidikariitnoi poooTu K.T.H. fo11. Tersaa Kopamtok
(mianuc, narta)
3aBAAaHHS NPHUIHAB 10 BUKOHAHHS Cranicnas Cupoin

(migmuc, gaTa)



KAJIEHJAPHUU ITJIAH

Tepmin
Haspa eramis poootu BUKOHAHHS eTamiB | TIpumiTka
/m po60TH
. AnaniTHyHa YacTHHA 16.12.2021-
24.12.2021 Bukonano
Ornsn Ta mopiBHsSHHES GOPM GlometpuunOi | 05.01.2022-
2 ) o Bukonano
IneHTUdIKaLli 15.01.2022
Ornsg metOniB ta icHyrounx miaxomis mus | 15.01.2022-
3 ) o Bukonano
royiocoBOi IneHTudIkanii 30.01.2022
Ormsin  icHyroumx  cepsiciB 1@  cdep | 31.01.2022-
4 Bukonano
3aCTOCYBAHHS 12.02.2022
Teopernyna yacTuHa 13.02.2022-
5 Bukonano
30.02.2022
[TocranoBka 3amagi ro;0cosoi inentudikanii | 05.03.2022-
6 Bukonano
16.03.2022
Omnuc cnoc00y npeacTaBieHHs roa0ciB 18.03.2022-
7 Buxonano
21.03.2022
Omnwuc croco0y MOPIBHSHHS r0JIOCIB 22.03.2022-
8 Bukonano
04.03.2022
Omnuc BUKOPUCTOBYBAHUX METPHUK SKOCTI 05.03.2022-
9 Bukonano
15.03.2022
|mxeHepHa yacTuHa 25.03.2022-
10 Bukonano
15.04.2022
Bubip MOBu Ta nomOmixHMX MOmayiiB i | 16.04.2022-
11 o Buxonano
NpOorpamMHOi peasnizaili cucTeMu 20.04.2022
[Mporpamua  peamizamis  moxenerr  Tta | 25.04.2022-
12 . Buxonano
IrOpPUTMIB 30.04.2022




TexHOMOrivyHA Ta MPAKTHYHA YACTHHA 30.04.2022-
13 Bukonano
15.05.2022
Onmuc  TtectOBMX  jgaHux, 00csary  Ta | 15.05.2022-
14 Bukonano
0c00MBOCTEM 16.05.2022
TecryBanns po60Tu cuctemu inentudikanii | 16.05.2022-
15 Buxonano
18.05.2022
Odopmiiennst nosicHIOBaILHOI 3anucku (I113)
16 24.05.2022 Bukonano

Ta ITIOCTPATUBHOTO MAaTEPIiaTy [Tt JOTOBII.




PEDEPAT

[TosicHroBanbHA 3amucka 10 KeasigikaniiHoi poooTu ““lneHTrdikarmis

rojocy aukropa” : 75 c., 20 puc., 19 mireparypuux mkepen, 1 g0aaTOK.

HEMPOHHA MEPEXA, IJIEHTU®IKALISA TOJIOCY, MAIIUHHE
HABUYAHHA.

MeTta aOCHIIGKEHHSI — TIOKPAIIUTH METOIUd OOPOOKH 3BYKY JUIS
peaizanii nporpaMHOro 3ade3neueHHs PO3Ii3HABAHHS r0JIOCY.

O0’eKT D0CIaKeHHS — TOJIOCH JIIOAEH, 110 IUKTIOTH TEKCT.

Ipeaver AOCiMKeHHS — QITOPUTMH TA METOIU Ui PO3POOKH

CUCTeMH IO IIeHTH(IKY€E TOJI0C.
PosmiznaBanHs AMKTOPA — L€ 3aBaaHHs IgeHTH(dIKYBATH JIOAeH 3a iXHIMU
ronocamu. OcrtanHiM YacOM TaHMOOKE HABYAHHS KaPAWHAIGHO 3POOKMIIO
PeBOITIOLIT0 PO3Mi3HABAHHS MOBIIS. Y 1l POOOTI PO3IIIAHYTO KiJTbKA OCHOBHHMX
mig3amad  PO3mi3HABAHHS — AMKTOPA,  BKJIIOYAKOYM  MEPEBIPKY  MOBIIA,
ImenTrdiKamiro, giapu3amnio Ta HagiiHe PO3mi3HABAHHS MOBII, 3 aKIICHTOM HA
METO/ax rITMOOKOr0 HABYAHHSI.

Y poo6oTi po3rismaroThes Pi3HI ICHYro4l TiaxX0au A0 BHPIIICHHS 3amadi
inenTudikamii 3a TO0MOCOM, Kimacudikamis pi3HUX THIIB  OIOMETPUYHOT
imenTudikamii, MeTOOAM MAIMMHHOTO HAaBYaHHSA i IgeHTudikamii, mo
BUKOPUCTOBYIOThCS, ICHYIOUl TOTOBI CHUCTeMH Ta PIlICHHS HA PUHKY,
3arpeOyBaHiCTh cHcTeMH TOJI0COBOi IneHTH(]IKAIT HA PUHKY OIOMETPUYHUX
cucteM imeHtudikanii. ¥ poooTi HABOAUTHCS OMUC PO3POOIEHOr0 METOIy
ImenTrdikanii MOBI, eTamu 00POOKM ayaiodaiiny Ta crnoc00y npPeaCTaBICHHS
rojocy y BUIUIAAl O3HAK BekTOpa. TakOxk y POOOTI MAEThes OmMHC PO3POOKH

cucTeMH, BHOIP MOMOMIKHHMX OIOMIOTEK Ta MOAYMIB IS PO3POOKH, OIKC



peamizoBanux  ¢yHkmin. HaBOasSThCs  Pe3ynbTaTH  €KCIIEPUMEHTATLHUX
A0cipKeHs POOOTH Peati30BaHOl cucTeMu IaeHTH(IKALIT TUKTOPA OLIHIOETHCS
BIUTUB apxiTekTypu MOzeni Ha sgkicTh POO0TH. ITicis 1mpOro mimaOuBAIOTHCS
miJICYMKH MPOBEACHOI POOOTH 3 KOPOTKHM OMHUCOM Pe3yabTariB M0 KOKHOMY
po3zainy. IIpOayKTHBHICTS CHCTEMH IMOKa3aiaa cePenHiidi PIBEHb PO3Mi3HABAHHS
77% nu1st BUCIOBITIOBAHS 13 5 ciaiB 1 43% 117151 JOBXKHMHHM KiJIbKICTh BHCIIOBIIOBAHD
Oyn0 30imabieH0 a0 20-CiiBHMX BHCJIOBIIOBAHb IS BUIAAKIB HABUCHHUX
MOBJICHHEBHUX  BHUCIIOBIIOBAHb. 3  HEBIIOMUM  BHCJIOBIIOBAHb, [PIBEHb

po3mizHaBaHHs 18% JIOCATHYTO )i BUCIOBIIIOBAHb 3 20 CIIiB.

[Tporpamue 3abe3redeHHs Peaniz0BaHO MOBOro Python Ta mpu BUKOPHCTAHHI
3arabHOI0CTYMHUX (DPeiMBOPKIB. YV naHiit POOOTI BUKOPHUCTOBYETHCS TITHOOKE
HaBuaHHs, 6100Tekn Numpy, TensorFlow ,Keras.

Haobip romocuBux nanux ckinanaerbes 3 4040 wav daiinis. ['010coBi
3anucH 0ys10 OTPUMAHO 3 BiakpuTHx 010i0TeK : Audio MNIST, CHIME- Home,
EMODB, MS SNSD, PDS.

ABSTRACT

Explanatory note to the qualification work "Identification of the speaker's

voice™: 75 pages, 20 figures, 19 references, 1 appendix.

NEURAL NETWORK, VOICE IDENTIFICATION, MACHINE
LEARNING.

The purpose of the study - analysis and selection of sound processing
methods for the implementation of voice recognition software.

The object of research is the voices of people who dictate the text.



The subject of research - algorithms and methods for developing a system
that identifies the voice.

Speaker recognition is the task of identifying people by their voices.
Recently, deep learning has revolutionized speaker recognition. However, there
are no comprehensive reviews of exciting progress. This paper discusses several
key sub-objectives of speaker recognition, including speaker verification,
identification, diarrhea, and reliable speaker recognition, with an emphasis on in-
depth learning methods. The ability of recognition systems to correctly recognize
speakers based on the distribution of their speech signals largely depends on how
the recognition system can teach the parameters of the model /.

The paper considers various existing approaches to solving the problem of
voice identification, classification of different types of biometric identification,
machine learning methods for identification used, existing ready-made systems
and solutions on the market, demand for voice identification system in the market
of biometric identification systems. The paper describes the developed method of
speaker identification, stages of audio file processing and method of voice
representation in the form of vector features. The paper also describes the
development of the system, the choice of auxiliary libraries and modules for
development, a description of the implemented functions. The results of
experimental researches of work of the realized system of identification of the
announcer are resulted, influence of architecture of model on quality of work is
estimated. After that, the results of the work are summed up with a brief

description of the results for each section.

The performance of the system showed an average level of recognition of
77% for 5-word utterances and 43% for length, the number of utterances was

increased to 20-verbal utterances for cases of learned speech utterances. With



unknown utterances, a recognition rate of 18% was achieved for utterances of 20

words.

The software is implemented in Python and using public frameworks. This
work uses deep learning, libraries Numpy, TensorFlow, Keras.
The set of voice data consists of 4040 wav files. VVoice recordings were obtained

from the public .
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HNEPEJIK YMOBHHUX IO3HAYEHb, CKOPOYEHb, TEPMIHIB

WAV — ¢popmar ayniodaiiry, po3pooienuii komnanissmu Microsoft ta IBM.
MFCC — MenuacrotHi kerncrpanbhi kOedinientu (anrit. Mel-frequency cepstral
coefficients (MFCCs)) — ne kOedimieHTH MeJI-4acTOTHOrO KETCTPY

GMM — Mogens raycoBOi cymimil

€bC — €1uH01 010METPUYHOT CUCTEMHU

€CIA - €qunoi cucremu inentudikamii ta ayrearudikamii

FFT - neperBopenus dyp'e

DCT - anroput™ CTUCHEHHS JAHUX.

UBM — Vuisepcansna ¢ponosa moaens (Universal Background Model)


https://uk.wikipedia.org/wiki/Microsoft
https://uk.wikipedia.org/wiki/IBM
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BB_(%D0%B2%D0%B8%D1%81%D0%BE%D1%82%D0%B0_%D0%B7%D0%B2%D1%83%D0%BA%D1%83)
https://uk.wikipedia.org/w/index.php?title=%D0%9A%D0%B5%D0%BF%D1%81%D1%82%D1%80&action=edit&redlink=1

BCTYII

['0;10¢ MOBII MiCTUTBH y ¢O0I Or0 0cOOMCTI PHcH, 3yMOBJICHI YHIK&JILHUM
Oy/n0BOIO OpPraHiB BUMOBH, HANPUKJIAI, YHIKAIBHUN rOJ0cOBOi (OPMOIO TPAKTY,
PO3MIPOM TOpPTaHi, OCOOIUBOCTSIMH AMKIIIT, aKIICHTOM | PUTMOM, IHJIUBITyaTbHOIO
MaHepPOr MOBH. TakuM YWHOM, MOKHA aBTOMATWYHO IneHTH(]IKyBaTH TOTO, XTO
rOBOPUTH MO MOT0 T0JI0Cy yepe3 KOMIT'IoTep.

| tenTrdikaris TOro, XT0 TOBOPHTS - Iie GyHIAMEHTAIbHE 3aBIaHHS 00POOKH
MOBH | TOJIOCY, K4 3HAXOJUTh IIMPOKE 3aCTOCYBAHHS B PEaIbHHMX 33/1a4ax.
Hanpuknan, BOHA BUKOPUCTOBYETHCS IS MTIATBEPIKEHHS 0COOM Ha TrapsuuX JTiHISIX
Ta npu n3BiHkax a0 call-tentpiB, mpu ronoOcoBiit ayreHTHdIKaNli B OCOOMCTHX
IHTEIeKTyTbHUX HPUCTPOSX, TAKUX SAK CTIIBHUKOBI TeneOHM, aBTOMOOILI Ta
HOyTOykH. Taka imeHTudikamis He TUIBKKM TrapaHTtye Oe3leKy TPaH3aKIii
OaHKIBCHKOI TOPriBil Ta BiggaJcHUX IUIATEXKIB, ale TAKOK ABTOMATH3YE Psia
3aBJaHb, BeAe 10 CKOPOYeHHS dacy Ta 3POCTaHHS JOsIbHOCTI. BiomeTrprnuna
ineHTHdiKaLisS HA OCHOBI MOJI0CY TAKOX MOYKE MIHUPOKO 3aCTOCOBYBATHCS B CYA0BIi
OPaKTHI I PO3CIIiayBaHHS MMig03PI0BAHOI0 11010 BU3HAHHS HOr0 BUHHHM, IS
crOocTePeKeHHs Ta aBTOMATHYHOI I1eHTrdIKanii 0coou Ha BiacTaHl (MOXIUBO, O3
BigOMa camOi 0c00u). BoHa Tak0sx MOke OyTH YacTHHOO 3aBAAHHS ABTOMATHYHOTO
BU3HAYCHHS KIJIBKOCTI THX, XTO TOBOPUTH Yy 3amucaHOMy ayaiodparMeHTi Ta
cermeHTarnii (pparMeHTa Ha YAaCTUHH, B SKHX 3BYYUTH FOJ0C IIEBHOTO AUKTOPA.

HesBaxaroun HA Te, 1m0 Oya0 JOCATHYTO 0AratO TeXHOJIOTIYHHUX YCHIXIB Yy
rany3i O0loMeTpu4uHOI igeHTHDIKAIT, 3AMMIIAETHCS Ie OaratO J0CIiTHUIIBKUX
npo6ieM, siki HEOOXImHO BUPimUTH. PO3P0O0KA cucTemu mis igeHTHdIKaii MOBIS
N03BOJINTh ABTOMATHU3YBATH Ta MPUCKOPUTH BUPIMICHHS 0ararb0X MOBCAKICHHUX

3dBIAHb.



MeTOr0 naHOi € 1OOyaOBa CHCTeMH, 10 BHUKOHYE aBTOMATHYHY
imeHTHdIKAIFO JUKTOPA 3 HOr0o mpoOMOBH B ayaiOcurHaimi. Y Mexax po00Th
BUPIIIYIOTHCS TaKl 3aBIAHHS:

» OTpuMaHHs HABYAIHHOI BUOIPKH.

* BuBuenHs ta po3pooka MeToay imentudikamii JukTopa.

* [IpoekTyBaHHs Ta PO3POOKA ONTHMAITLHOT APXITEKTYPH 00PaHOT MO,

* TectyBaHHs POOOTH Peani30BAHOT CUCTEMH.

VY nepmiomy po3xinal HABOAWTHCS OMKMC TA MOPIBHSAUIBHUN aHAII3 PI3HUX
ICHYIOYMX I IX0iB 10 IneHTHdIKAIIT THKTOPa, ONTKC MOKIMBUX PIMICHB, IX IIepeBar
Ta HEIOJIKIB.

Y apyromy poO3mial  cTaBUThCS 3aBAAHHA  igeHTHdIKamii  aUKTOPA,
BUISIOTHCS 11381841, HABOIUTHCS OMUC METONy IAeHTUdIKaNIT T TOCIIKEHHS
METPHK SKOCTI PO3POO6IIEHOT MOIEI.

Y TpeTrhOMy PO3iii HABOIUTHCS CIUCOK BUOPAHUX JTONOMIKHUX MOTYJIIB, &
TAKOXX BKA3ye€ThCs BHOpPaHa MOBA Ta mnporpamHe cepenosuie. OmMCyrOThCS
peani3oBani GyHKIIIT TA €IEMEHTH CHCTEMHU.

Y dgerBeprOMy pPO3aiyii HABOASATHCS PE3yabTATH CKCICPUMEHTATBHUX
A0CIIKeHb BILIMBY mapaMeTPiB apxiTekTypu 00paHOi mOzeni Ha sKICTh POOOTH,
HABOIATHCS Pe3y/bTaTH TECTyBAHHS CHUCTeMM IaeHTH(IKAIil, BHACTIIOK YOro
BU3HAYAETHCS ONTHUMAIBHHUN METO BUPIIIEHHS MOCTABICHOTO 3aBAAHH.

Y BHUCHOBKY MiJIOUBAIOTHCS MIACYMKH IMPOBEACHOI POOOTH 3 KOPOTKHM

OMMUCcOM Pe3yNbTariB M0 KOKHOMY PO3iy.



PO3/ILI 1. AHAJII3 ICHYIOUHMX HIJIXOAIB 10 I'OJIOCOBOI
ITEHTU®IKALIL

Hapasi icHye Kijbka IUIATHUX 3aKPUTUX CHCTEM TI'0JI0COBOI OIOMETPUYHOT
ImenTHdikamii, CmPOeKTOBAHMX HA OCHOBI BHKOPHCTAHHS PI3HUX METOIB
MAIIMHHOTO HAaBYaHHA. SIKICTH POOOTH CUCTEM HE € iaeabHOI0 | MPOIOBKYE
BJIOCKOHATIOBATHCS B JaHM# yac. lHTepec 10 3aBAaHHs 3POCTAE.

HesBaxaroun Ha ICHyBaHHS TOTOBUX PIIICHb, BCI CHCTEMHU 3aIHINAIOTHCS
3aKPUTHUMH, iX METOAM POOOTH Hime He Ommcadl | 30epiraroTbcsi B TAEMHHMIII.
Omnucani B po3zini icHyroul MeTOaM PO3B'sA3aHHs 33134l IeHTUdIKAIIT TUKTOPA 33
f10ro mpoOMOBOIO € JIHIIe 3PA3KOBUM OIMUCOM JISAKHUX ICHYIOUNX PillieHb Oe3 aeTasneit

peaizanii Ta Onucy HeAOIKIB 00PaHuX METOIIB.

1.1. Ocznao ma nopienanns hopm 610memPuuHOL i10enmugpikayii

biomerpis — me Hayka, 3acHOBaHa HA BuUMIPI Ta Omwmci QI3UYHUX
XaPAKTEPUCTHK JKUBUX ICTOT. Y pamMkax 3aBaaHb aBTOMATHYHOI imeHTH]ikarii
OcoOucTOcTi OlOMeTpuuHi maHi — 1ne yHIkausHI OlOMOTiyHl Ta Qizionoriyxi
XaPaKTePUCTHKH, SKI JO3BOJISIOTh BCTAHOBUTH OCOOY JrofauHu. biomerpuuni nawxi
MO>KHA PO3IIIUTH HA:

* (bizionoriuni (0 cTOCYOThCs (HI3MYHOTO TiJIA — BIJOUTKY NATBIIB, TOJIOHS
PyKkH, paiiy»xHa 0005100k, ro0c, JJHK Tomo)

* MOBeAIHKOBI (110 CTOCYIOThCS MOBEAIHKH JIIOJUHH — XO7a, MOBA, MOYEPK
TOMIO).

Posrnsgaroun  auHAMIKy PO3BUTKY CBITOBOTO PHHKY OIOMETPHYHHX
TEXHOJIOTI#, MOYKHA MOOAYNTH 3HAYHE CTAOITbHE 3POCTAHHS PIYHOTO J0X01Y PUHKY

Big OlOMeTpli y Bcix periOHax miaHeTH. BuxOasuu 3 1b0r0 MOKHA AINTH
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HEBTINTHOTO BUCHOBKY, 110 BUKOPHUCTAHHS OIOMETPUYIHHMX TEXHOJIOTIH cTae aenani

NOMyJAPHUM, SKI  PIIMICHHS 3IUINAIOTHCS 3aTPeOyBAHMMU HAJ PUHKOM.

Global biometrics technology market size
by region, 2014-2025 (USD Billion)

||||II|
|ll||

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

" North America ™ Europe ¥ Asia Pacific Latin America ™ MEA

Puc.1 Piuanii mpuOyTok Bim 6iomerpii mo perionax. [Iporaos. CeiTOBuit
punok: 2014-2025

Cepen HarnomupeHimumx TaniB ¢i3ionoriaH0i 610MeTPIT — 300pakeHHS 00IUTUs
JIFOIMHY, BIIOUTKY MBI, MATIOHOK Paiay)kKHOT 000JI0HKH OKa, TOJI0C, MATFOHKH

BEH HA J0J0HI TONIO.
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B AFIS/Live scan

B Vein recognition

M Voicerecognition

® Middleware

m Facerecognition

® Hand geometry

™ Iris recognition

m Fingerprint (off -line)

Other modalities

® Multiple traits

Puc.2 CBiTOBuii pPHHOK OIOMETPUYHHUX TeXHONOTIH. Po3moxin  dopm
ImeHTrdiKanii

MoyHa cnoctepPiraTi NepPeBRXKAHHS HA PUHKY BUKOPUCTAHHSA TEXHOJIOTIT
ineHTudikamii 32 BIIOMTKAMM MABI, 110 3P03yMIN0, OCKUIBKHA 33 HAMIWHICTIO
pO0OTH caMe BOHA 3aiimae jiaupyrouy nosuiito. OnHak Takuid MeTo iaeHTrdIKarii
€ KOHTAKTHHMM, IO TATHE 33 CO000 ekl OOMEXCeHHs, B TOMY 4YHCil B yMOBaX
nauaemii. Tak0x MOKHA MOOAYNTH, YACTKA PUHKY, BUKOPHCTOBYE BiIOMTKH HAIBIIST
SK MeTOn ImeHTHdIKamii, MOCTYNMOBO 3MEHIIYEThCS, IOCTYNAIOYUCH IHITUM
MCTOZAM.

B okpewmiii gomosini Allied Market Research mnporuosye, mo pPuHOK
OIOMETPUYHUX JATUYMKIB, IKUH OmiHIOBaBCs B 1,16 Minsapaa qoapis y 2020 porii,
3pocte 10 3,31 mimeapaa nonapie 10 2030 poky npu CAGR 11,8 BigcoTka.
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[e#t mpOrHO3 y moeaHaHHI 3 3araylbHUM 3BITOM PO PUHOK mepeadayae, 1o
BaPTICTh MPOrPaMHOr0 3a0e3neueHHs, iInTerpamii Ta mocayr 3a BiciM POKIB 3araaoM
CTAHOBHUTH MOHAM 123 Minpgpau m0mapis, 110, MOXJIHMBO, AMBHO, BPAXOBYHOUH
OuiKkyBaHe 3POCTAHHS CErMEHTY anaparHoro 3a0e3neUeHHS.

daktopu, ski, 33 MPOrHO3aMH, CIPUATHMYTh LOMY POCTY, BKIIOYAIOThH
3POCTaHHs 3arP03 iACHTHYHOCTI T HOBI MOYKJITMBOCTI BUKOPHCTAHHS O10METPHIHUX
JTAHKX, SKI € MOPyImeHHAMU KOHGIIeHIIHHOCTI, BUCOKUI MONMUT HA O€3KOHTAKTHI
OloMeTpuYHI cUcTeMH, & TAKOXK OI0MeTPUUHI HOCIT.

3 TOUkHM 30Py MPOAYKTHBHOCTI 33 perioHamu, AsiaTcbk0-THUX00KeaHCHKUIH
perioH 30epexe JiaePcTBO HA PUHKY, 38 HUM ciigyBatume [liBHiuna Amepuka,
npuYIOMy Tepina, sk 0uikyeTbes, 3adikeye HaimBuamuit CAGR y 13,2 BiacoTka.

VY nenaBupOMy 3BiTI Allied Market Research Tak0x mpOrao3yerbest OmiHKA
PHUHKY aBTOMATH30BaHOI cucTemu Inentudikanii Binoutkis nansiis (AFIS) 1o 2030
POKy B 68 MinbsapiB 10apis.

Tabmuus 1. 3HaueHHS TOMWIOK iMeHTU(IKAIIT Pi3HUX OlOMETPUUHUX

MOJIAJIBHOCTEN
[TopiBHsUTEHA Binoutok I'omoc PaiimyxHa Jlune
XaPaKTEePUCTHKA NENINIC 000;10HKA

OIOMETPUYHUX

CUCTEM
VIMOBIpHiCTb 2,2% 1.0% 0.1% 0.1%
«I0IyCKY
qy>K0ro»
VIMOBIpHiCTb 2,2% 110 4.0% 1.1-1.4% 710 4.0%

«BIJIKA3y CBOMY»
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BapTicTb Bucoka Hwusbka Hyxe Bucoka | Bucoka

CHUCTCMH

[IpoTre Temrn PO3BHTKY TEXHOJIOTIH TONOCOBOI IneHTH]IKAIIT € AOCHUTH
BEJIMKMMHU. 38 MPOTrHO3aMHU CEPeIHBOPIYHUN TeMIT 3POCTAHHS PHUHKY TOJIOCOBHX
olomeTpuunux cucteM A0 2022 poky A0CATHYTH Oinbiie 21% 1 3aiiMaTuMyTh Apyre
Micrie micis TeXHOIOTi1, MO0y 10BaHOT HA BUKOPHUCTAHHI PaiTy>kHOi 000JI0HKH OKa
(prcyHOK HWKue). PO3BUTOK TOJOCOBHX TEXHOJIOTIH MOXHA MOSICHUTH HU3BKOIO
BaPTICTIO CHCTEMH NIPOTH IHIIMMHU BUAAMH OIOMETPUYIHHMX TEXHOJIOTIH.

['moGanbHuit  PuHOK OiOMeTPuyHOi ayTeHTudikanii Ta ImeHTHIKAIIT
3QIMIIATUMEThCSA HA MKy CBO€i 3pinOCcTi MPOTArOM HAWOMMKYMX POKIB |
NPOIOBXKYBATUME TMOMIMPIOBATUCS 3aBISKK HOBIW cdepi 3acTOCyBaHHS, aie Taki
CerMEHTH, SIK BIIOWTKM NAIBIIB T4 PO3MI3HABAHHSA O0aMYYsl, OyayTh CBIIKAMH
nOMITHHX 3MiH y nOBemiami cnoxuBauiB uepe3 COVID-19. . larerparis xiabk0x
TEXHOJIOTIH, TakuX sk mTy4dHuit iaTenekt (L) ta xmMapHi 00YHCICHHS, Y CHCTEMY
OloMeTPuYHOT ayTeHTUdIKAIT 3HAYHO PO3IKPuiIa Oi3HEeC-MOKIUBOCTI PUHKY.

Ocranniit TpeHnq — OioMeTpuyna ayreHTudikamis, 1 PUHOK ineHTHdIKALIT
nPonoHye ayTeHTHdikamio Ak MOCHyry, a He PimeHHS «mig kmody. Kommaxii
BUBYAIOTh MOXKJIUBOCTI XMapPHUX OOYMCIICHb | XMAPHOTO CXOBHIIA, 00 3HU3UTH
3arajbHI BUTPATH HA eKCILTyarailito, MPOMOHYIOUM CIOKMBAYaM OaxkaHi 3ax0iu
Oe3neky. 3MeEHIIEHHS HAIMHOCTI amapaTrHOr0 3a0e3leucHHs Ta I ABUIICHHS
3pinocTi, OnepPaTuBHUX MOMKJIMBOCTEHW Ta TOYHOCTI MPOrPaMHOr0 3a0e3neueHHS

BU3HAYATH cpePu 3POCTAHHS PUHKY.
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l U.S. biometrics technology market size, by end-use, 2014 - 2025 (USD Billion)
188 219 l l I

i i

2014 2015 2016 2017 2018 201¢ 2020 2021 2022 202 2024 2025
Healthcare

BT .
Il .

I

o
"o

B Government ¥ Banking and Finance  © Consumer Electronics
B Transport/Logistics ™ Defense & Security » Others

Source: vww.grandviewresearch.com

Puc.3 TIpOrao3 cepeaHbOPIYHOrO TeMmy 3POCTaHHS PUHKY OIOMeTPHYHUX

CUCTEM Yy PO3pi3i TexHonorii 10 2022 poky.

Takum 4uHOM, TEXHOJNOTIi HA OCHOBI TOJ0COBOI OIOMETPIi 3apa3 He €
JigepamMu 3aTpPeOyBaHOCTI HA PUHKY, OJTHAK BOHU MIBHUIKO PO3BUBAIOTHCS | MAIOThH
HU3KY IepeBar mepen IHIMMMH OIOMETPHYHUMHU TEXHOJIOTISIMH, 10 POOHUTH iX

NOTEHIITHUMU JTiiepaMu y MainoyTHrOMy [1].
1.2 Icuyroui cucmemu ma ix ananis
Hukue HaBeIeHO CIIMCOK HAMITOMYJISIPHIIIOro MPOrPaMHOTO 3a0e3eUeHHs IS

T0JI0COBOT0 a00 MOBHOTO JAUKTYBAaHHA, IKC BUKOPUCTOBYETHCSA KOPHUCTYBA4aMH 110

BCbOMY CBITY, 3 IOBHOIO 1H(OpPMAILII€TO.



Speech
Recoghnition
Software

Dragon
Professional

DRAGON

Dragon Anywhere

IS

é

Dragon

Cortana

() Cortana

Amazon Lex

Amazon Lex

Best For

Overall dictation and

voice recognition.

Professional speech
recognition for your
mobile.

Windows devices.

Creating Chatbot.

Platform

Windows 0OS

Android & i0S devices

Windows 10, i0S,
Android, and Windows
phone devices

Used in the applications.

Free
Trial

Yes

Yes

No

Puc. 4 Icnytoui cuctemu royocoi iaeHTUdIKamii

15

Price

Dragon-

Home is $150,
Professional Individual
is $300,

Legal Individual is
$500.

$15 per month or $150
per year.

Free

Based on the no. of
speech requests
processed.

Dragon Anywhere — 11e mporpama Juist TUKTYBaHHs Bij Nuance Juisi IpUCTPOiB

10S. Lle xmapHe pimeHHs. JJig TUKTyBaHHS Ta peAaryBaHHs JJOKYMEHTIB Oy/1b-

AKOI TOBXKMHU. BiH Ha/lae BaM XMapHUI IHCTPYMEHT pO3Mi3HaBaHHS MOBJIeHHs. Lle

03HAayYae, 0 BU 3MOKETE OTPUMATH IOCTYM JI0 BEPCiil JOKYMEHTIB HaBITh 3

MoOUTbHOTO Tenedony. Llg mporpama q03BOMTH BaM 30€pErTH Balll TEKCT B

Evernote. Takox miaATpUMYIOThCS Taki opMaTu JOKYMEHTIB, sk .docx, .rtf, .rrtfd 1

TCKCT.
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Amazon Lex

Amazon Lex BUKOPHUCTOBYEThCS B TIPOTpamMax Jiisi CTBOPEHHS PO3MOBHOTO
iHTepdeiicy. Po3pobiienuii 60T MoXKHa BUKOpHCTOBYBaTH Ha Tuiatdopmi Chat,

npuctposix 10T Ta MOOITLHUX KITIEHTAX.

Cortana

Cortana — 1e BipTyalbHUH MOMIYHUK, SIKUH TIocTadaeThes 3 cuctemamu Windows

10 1 Windows phone. Bin takox goctynHwmii ais npuctpois Android Ta i0OS.

Sk MU MOKeMO O0aYUTH MO PUCYHKY 4, 1110 BIIOOpakeHUi BUIE, OUTBIIICTh
CUCTEM € TUIATHUMU Ta 3 BUCOKOMH I[IHAMH ]ISl HALLIOTO PErioHy, OlblIe TOro He
BC1 CHCTEMH MPOMNOHYIOTh KOHKPETHO BOyA0BaHy 11eHTU(dIKali0 qukTopa. Lli

HEJIOJIIKH 1 € BUNPABJICHI B CUCTEMI 110 MPEJCTABISAETHCS B JaH1A POOOTI.

1.3021520 mem00ié ma icuyrouux nidx00ieé 0.1 2010c060i i0enmudgbikauii

IcHye nBa THUIIH cucTeM ineHTHdIKALT TOr0, XTO TOBOPHTH:

* Tekcro3anmexHa. SKImO BUMOBJICHUN TEKCT Mae OyTH OJHAKOBUM ISt
peecTparii AUKTOPA B OCHOBI Ta IS igeHTHdIKAIT, TO e miaxia HA3UBAETHCA
TEKCTO3AIC)KHUM PO3Mi3HABAHHAM. Y Takid cucTeMi KIOo4YOBe CIIOBO/¢pasa, mo
BUMOBJISIETHCSI, MOXKYTh OyTH 200 CIIJIBHUMH JIJTs1 BCIX TUKTOPIB, 800 YHIKAILHIUMU
(HanpuKIIaz, yHIKAIEHUIN apP0h KOPUCTYBAYA).

» TekcroHe3anexxHa. HesamexHl Big TEKCTy CHUCTEMH HalvacTiiie

BUKOPUCTOBYIOThCS IS IMeHTH(IKANIT AUKTOPA, OCKIIbKM BOHH BHMAraroTh
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MEHIIOT yBaru 3 00Ky TOr0, XTO TOBOPHTH. Y IIbOMY BHIAJIKY TEKCT MPH Peectparii

Ta igenTudikamii BiAPI3HIEThCS, CHCTEMA BBAKAETHCS IHBAPIAHTHOIO 10 MOBH.

Po3mi3HaBaHHs MOBLIA:
| tenTudikamis ronocy
ImenTudikamis rosocy => BH3HAYCHHS, SKAW 33aPEECTPOBAHHMIA MOBEIh
3a0e3neuye JaHe BUCIOBIIOBAHHS. .
[TepeBipka ronocom
I'onocoBa mepeBipka => nOPUHHATTS a00 BIOXWIIEHHS 3as9BKH HA

IneHTrdiKamiro paxime i1eHTHIKOBAHOTO MOBIIS.

3aBmaHHs igeHTH(IKADIT TOIUHE 33 TOJOCOM, HE3ICKHO Bij OOPAHOTO
HIIsXy i BUPIIEHHS, MO)KHA PO30KMTH Taki OCHOBHI eTaru:

1) Bunmydenns O3HaK 3 ay/1i0 CUTHATY

2) [TobynoBa moesni TMKTOPA, HA OCHOBI OTPUMAHUX HA MMOTIEPEIHROMY eTarti
O3HAK.

[Tporec BU3HAYCHHS JIIOJUHH 33 TOJIOCOM 3 TIPEICTABICHHUX Y CUCTEMI 3Pa3KiB
rojociB, y BCiX METOAAX MOJATAE Y MOIIYKY HAHOIIBII BIAMOBIAHOTO 38 MOJICILIIO

JUKTOPA, BUXOASUM 3 00PAHUX KPUTEPIiB.

MOBHI cUTHAIM — 1€ 3BYKOBI KOJMBAHHS, SIKI OMIHPIOIOTHCS Y OBITPSIHOMY
cepenoBuiill. BoHu XapakTepu3yrThes 4acTOTO (YHCIOM KOJMBAHB HA CEKYHITY),
IHTeHCHBHICTIO (AMILTITYI010 KOJIWBAHB) Ta TPuBaiicTio. [2] IIPOTArOM BCHOrO
MOBHOI'O CHTHAITY I1i XaPaKTePUCTUKU 3a3HAIOTH 3MIH, | (GIKCYIOThCS 38 TOMOMOTOF0
CNIEKTPOHHO-AKyCTHYHHUX MPUIIIIB, TAKUX SIK Ociimiorpad, cnekrporpad. ITorim, 3a

JT0TIOMOTO0I0 aHAIOr0-1M(POBOr0 TNePeTBOPIOBAYA, AHAIOTOBHMA MOBHHMM CHUTHAI
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nePeBOIUThLCS B UG POBUi, skuii Ha EOM nipencrasnenuit y surisiai WAV-gaiiry,

3 IKOTr0 BiOyBa€eThCs 301P MOBHHX O3HAK.
1.4 Bubip cucmemu 03HaK

XapakTepHi 0cO0JIMBOCTI TOJIOCY JIFOIUHU POPMYETHCS HA OCHOBI PO3MIPY Ta
(G OpMH MOBHOTO TPAKTY, TUHAMIKOFO HOT0 3MiHH, PYXHICTIO TOIO. OCHOBHUMH Ta
HAWMOMYIAPHIIMMU XAPAKTCPHUMHU MapaMeTPamu i OMUCy roj0cy Ta MOBH
JIOAWHM, 0 BPAXOBYIOTH Omucani 0co6nmBOcti, € MFCC. [IpaktnyHO y Beix
JOCIIKCHHAX POO0TA BEIEThCSA 3 HUMH, & TAKOK IHOJI TOMOBHIOETHCS HAOOPOM 3
nepmmx Ta JPYruX JenbTa-QyHKOIA — JIOK&IBHUX OIIHOK MOXIgHHX (Y
JMCKPETHOMY BHMAAKy mOXigHa (yHKIT JAOPIBHIOE PI3HUII 3HAYCHb (QYHKIIT y

OCIIJOBHHUX TOYKAX).

MFCC

é‘ﬁhdi- T | fo

a

u =

—-500

e w—— - - .

MFCC-A

-20

0 06 12 18 24 3 36 42 48
Time

Puc.5 Bisyanizamis MFCC ta aensra-QyHKI# mepmoro, Apyroro mopsaKy
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1.5 Bubip kracugpixamopa 0znak

CyuacHi cucteMu roj0ocoBOi ineHTrdikarii Ta Bepudikarii npamoTh y IBOX
pPeXUMax.

* Pexxum HaBuyanHsg. BumiiasroTbes XapakTepPHi O3HAKH TOJOCH JIFOIUHH,
(GOpMyeThCst HOr0 roa0coBa MO/ (TOI0COBHI BiIOMTOK) HA OCHOBI IIMX O3HAK Ta
BHUKOHYEThCS 30ePeKeHHS MOJienl y 0a3l JaHuX.

. PoGoumnii pexum. Buninsiorbes xapakrepHi O3HAKM T'OJ0COBOTO
CUTHATY JIFOJUHM T4 BUKOHYETHCS MOIMIYK y 0a3l JgaHuxX ros0cOBOi mOmedi, 1m0
BIIMOBI A€ 1M O3HAKaM (imeHTUdIKaLisS 0cO0n).

1.6 GMM

B pmauuii yac HaWOINbII Pe3yabTATHBHUM IIAX0A0M A0 BHPIIICHHS 3a1a4
TEKCTOHE3IEeKHOI IneHTudikamii 0coorcTocti € m0Oy10Ba rOJ0COBUX MOJIENIeH HA
OcHOBI MOpenelt raycoBux cymimreii [3] (Gaussian Mixture Model, GMM). Cawmi
MOjeni OyayroThes 3 YPaxXyBaHHIM JIesIKOr0 HAOOPy roja0coBux O3Hak. Haioimbin
NOMIMPEHUM MEeTOI0M MMOOYI0BH TOJOCOBUMX O3HAK € (GOPMYBAHHS BEKTOPA
Kpeiquactux kerncrpanbHux KOediientis (Mel-Frequency Cepstral Coefficient,
MFCC) 3 roi0c0BOr0 3amnucy.

OnHak, He3B&XKAOYM HA JOCHTH XOPOmil  pe3yabTard POOOTH B
«tadoparopuux ymoBax», Merogq GMM-MFCC ne MOxe OyTu BUKOPUCTAHUN IS
noOy/I0BH PEaNTbHUX CUCTEM TOJOCOBOi imeHTH(IKAIT, OCKIIBKM CHUCTeMa Ma€
CHJIbHY 3JICXKHICTb Pe3y/IbTATIB B BUIY HABYAIHLHOTO MaTepiany (Ha OCHOBI SIKOTO
CKIIAIAeThcsl 0aza roysocoBux MoOzeneid Ta (GOHOBA MOjENb), T& yYMOB 3amHUCy
roj0cOBOr0 currany. TakOk HemOIIKOM € BIAHOCHO Beluka moTpeda y BesMKIii
KITBKOCTI HABYATHLHOTO Marepiany.

1.7 Mepeoica Koxonena

SIk anpTepHATHBHUN CMOCIO TOPIBHSAHHS TOJOCOBMX BIAOUTKIB MOXKeE

BUKOPHCTOBYBATHUCS HEPOMEPEKEBE TOPIBHSHHSI 3a J01OMOT 010
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camoopranizoBanoi Mepexi Koxonena. Meperxa HaBuaeThes 0e3 BUMTEIS | Mae Bl
¢dasu poo0TH — HABYAHHSA Ta imeHTHdIKAmI0. Y nporeci HABYAHHS HABYAIBHHIMA
ITOPUTM MIAIAIITOBY€E BArKM MePexi Te 00 BUNIILIN Y3rOmKeHl BUXIIHI BEKTOPH.
Takum 4uHOM, MPOIEC HABYAHHS BHIIISLE€ CTATUCTUYHI BIACTHMBOCTI HABYAIBHOI
MHOKUHHU | Tpymnye noaioHi BekTOPH 10 kiacis. IIpen'siBacHHS HA BXim BekTOpa
OAHOTO KJjacy nAae meBHUM Buxin. Y xo0xal imentudikamii BigOyBaTrmMeThcs
O0YHCIIEHHS CyM Y By3J1ax MePexi micis mogadl BeKTopa Ha BXiJ, MOTIM aKTHBAIIS

3HANIEHOTr0 By3J1a Ta OTPUMAaHHS KiacudikOBaHOTO BEKTOPA.

1.8 I'u60ki netpOrHi mepedici

Okpim mepexxi KoxOHeHa icHyroul pOOOTH 3acHOBAHI HA BUKOPHUCTAHHI 5K
KkiacugIikaTopiB rIMOOKOI HEWPOHHOT MePexi Tak ¥ HEeHPOHHOT MePexi 3 Imapom
3ropTku. BOHA Mae kijabka MPUX0BAHUX IIAPIB, BXIHHI 11aP TOrO 5k PO3MIpYy, 1110 i
BEKTOP O3HAK, | BUXITHUI 1map 3 KIIBKICTIO HEHPOHIB, MO JOPIBHIOE KIIHKOCTI
3apeecTPOBAHMX JTUKTOPIB y cuctemi. [4] Hessakaroum HA pPIi3HI cmOcOOH
ontumizamii cnoco0y HaBYaHHS MePexi, TAKUH MIAXIA YHEMOXKIUBIIOE MIBUIKE
I0JAaBaHHs HOBMX IUKTOPIB A0 cucteMu. J[iist 1b0r0 HeOOXIAHO He JIMIe HAHOBO
HABYMTH BCIO MEPEXKY, ayie W 3MIHUTH ii apXiTekTypy (SK MIHIMyM — 30LIBIIATH
BUXIaHMN map). ['rOO0Ki HeHPOHHI Mepexi OCTAHHIM YacOM CTaIM CTaHIAPTHUM
IHCTPYMEHTOM JIsl BUPIMIEHHS PI3HOMAHITHUX MPOOJIeM KOMIT I0TEPHOrO 30Py. Y
TOW 4Yac SIK HABYAHHS HEHPOHHOT Mepexi BUXOAuTh 38 pamku OpenVX, IMIopT
nonePeaHs0 HABYEHOT MePeki Ta BMKOHAHHS BHCHOBKY B HIl € BaKIHUBOIO
yactuHO0 (dyHkionansHOcTi OpenVX. Konmemiiss Graph API Bysnis, 1m0
npeaCcTaBIsAOTh QYHKINT T MOCHIAHb, 0 MPEACTABISAIOTH MaHI, TyKe 3pydHa IS
peautizanii ruOOKMX HeHPOHHMX Mepexxk 3 OpenVX. DakTUYHO, KOXKEH OJIOK
HEHPOHHOT Mepexi MOXke OyTH mpejacTaBieHui y BUrsaAl Bysna rpada. OpenVX

Ma€ CremlaibHUN THI JAHUX, [0 IMPEACTABISAIOTh TEH30PH JUIs 3a0€3IeUCHHS
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OOMiHY JaHMMH MK IIMMH By3JaMH, a cami By3iau PeanizoBani B PO3mupeHHI
HeipoHHOT Mepexxi OpenVX. |HmmM cmOc000M IMIOPTY HEHPOHHOT Mepexi B
OpenVX € BuUKOpHCTAHHS PO3mmPeHHs IMnopty sapa OpenVX. PosmupeHHs
IMITOPTY si1pa MOKe B3SITH ITONIEPETHL0 HABYCHY MOJICTh MePEkl TA 3aBAHTAKHUTH 11
B OpenVX sk Ogua By301. Opuaum I3 ¢opmariB  gaHux, ski  MOXHA
BukOpucTOBYBaTH, € Neural Network Exchange Format (NNEF), ctannapt, Tak0x
po3pootennii Khronos Group. JlusiTecs Po3ain 10, mo06 aisHaTucs, sk iIMOOPTYBaTH

nonepeaHb0 HABUEHY HEUPOHHY Mepexy B OpenVX.

1.9 Ozns0 icnyrtouux cepsicie ma 0b1acmeti 3acmOCy6aHHS.

bBimpmiicTe momelt MaroTh 0arar0 OHJIAMH-PAXyHKIB, sKI MOTPEOYIOTH
Oesmeku, | nmeski 3 IMX OHJAHH-PAXyHKIB, SK-OT NPOrpamu OHJIAHH-OAHKIHTY,
HECYyTh BHUCOKI pu3uku Oesmeku. Termep, KONMM OHJIAWH-OAHKIHT HACTUIBKH
NONyJSIPHUAN, Ty)Ke BAKIMBO BIPOBAAMTH XOPOIIl cCHUCTeMH imeHTHdIKari, ski
320e3MeuyrTh A0CTYIT 10 KOHIAeHIIHHOT IH()OPMAIT JTHIIe BIACHUKY 00IKOBOTO
samucy. Opmiero 3 HOBUX (GOpPM ineHTHdikanii KOPHUCTyBauya € ro0cOBa
imentudikamis. [1ogion0 10 momiunukiB Al, ski PO3Mi3HAIOTE BAlll KOHKPETHHIA
ronoc, ¢hakrtop ayreHtudikanii MOBICHHS MPAIOE K YHIKATBHUHA «11ap0iby, 00
PO30JIOKYBATH 3aXHIIICHI 00JIKOBI 3aMKCH JIUIIIE TOI, KOJU BUKOPUCTOBYETHCS Bl
ronoc. OO6ikOBuiA 3amuc He Oyae MOCTYMHMM HIKOMY, OCKIIBKHM IXHIH TO0i0C

3BYYHTh IHAKIIIC.

Ile 3a0e3meuye uymOBy Oe3MeKy, OCKIIbKY Terep MOXHA BUKOPHCTOBYBATH
6araro¢pakToOpHi cucTeMHu, M0 MOEAHYIOTh 0arato Pi3HUX QYHKIIA Oe3mneKu.
Hanpukian, ckaxiMo, mo yis TOro, o006 OTPUMaTH A0CTYI 10 BAMIOi MPOrpamu Jyis

OHJIAMH-OAHKIHTY, BAM MOTPIOHO BiJCKAHYBATH BIMOWTOK MAbIS T MPOMOBUTH
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napojab BJIACHUM YHIKQUIBHMM T00cOM. Ile wadarar0 Oesmeydime, HIK
BUKOPUCTAHHSA  TPATUIIIHHOrO 1apons. ICHYIOTh TAKOX  CHUCTEMH,  SIKI
BUKOPUCTOBYIOTH PO3Mi3HABAHHS 00 1M44st PA30M i3 PO3ITi3HABAHHSAM T0JI0CY.

| tenTHdiKamis 38 roa0cOM aenaii yacTime BHKOPUCTOBYETHCS y CHCTEMax
Oe3neky OaHKIB, TeJIEKOMIB Ta IHINMX OPradizamiid y BUIIAAl KOMIIOHEHTA
ayreHtudikamii, ska € A0JATKOBMM (AKTOPOM TAPOIBHOTO 3axucTy. [5]
KopuctyBay mOBHMHEH BHMOBUTH 10 TeiaehOHYy maPO0Jb, CHUCTEMa BHU3HAYAE
nPaBWIbHICTE NAPONILHOT (ppasu | A0AATKOBO TePeBipsie yHIKAIbHUI TOJI0COBUA
BIIOMTOK TAHOT0 KOPUCTYyBAYA.

SckpaBum npukiaanoMm € «Chase Bank» (CILIA), sikuii BIPOBaAWB y CBOIO
crCTeMy MOXIIMBICTB 3aMKCy roJ0cy (30ip ronociB po3nouascs me y 2018 pori 3
METOr0 CTBOPeHHS €auHOi O6iomMeTpuuHOi cuctemu (€BC) T2 €aMHOI cucTemu
inentudixkamii Ta ayrentudikamii (ECIA) ) Ta MOXIUBICTH TO0J0COBOIO
niaTBEPLKCHHS Omepanii (TexHO0ris BhpoBamkena 3 21 ciuas 2021 poky).
3aBasKd HOBIH TeXHOJOril, Opraxizaiis CcrnOmiBa€ThCsS 3AXHCTUTH KIIEHTIB Bin
maxpaicrea. Tak0x KOMMaHis mO4yaia MPONOHYBATH KJl€HTAM HA JTOOPOBILILHIM
OCHOBI 3/1aTH 3Pa30K TON0CY Yepe3 MOOIMpHUI 10aTOK a00 3amucary roa0COBHit
3pa3ok mia yac a3Binka a0 call-uentpy. [Tonepeans0 ciix naTu 3roay HA 0OPOOKY
MEPCOHATBHMX JTAHHUX.

Creopena ECIA 3apa3 BOya0BaHa B cucTeMy aBTOPHM3aIii KOPUCTYBAYIB HA
noprani Jlepkmocayr Ta 3a0e3mnedye 10CTyn TPOMAISH 38 HOr0 OaKaHHSM Ta 3a
ioro 3rogoro 10 moptanis Jepsxmocayr. Ilicns ckiaananHs OIOMETPUYHUX JAHUX
OyIb-AKHI )KHUTETb KPATHU MOKe KOPUCTYBATHCS MOCTyraMu OAHKIB T AePyKaBHUX
ycTaHOB 0e3 0c00MCcTOi mpucyTHOCTI. bBiomerpuuny 6asy wOxHa Oyme
3aCTOCOBYBATH JUIs JHMCTAHIIAHOTO CKJIQMAaHHSA ICIHTIB, M TMPOXOIKCHHS

TPAHCHOPTHOTO KOHTPOJIKO B aepomoOpTax, /s HIATBEPIKCHHS  MpaBa
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0e3K0mTOBHOr0 MPOi3ay HA TPOMAICHKOMY TPAHCIOPTI 400 OruiaTH TPOI3Y.

3 HaWOUIBIKMX PilieHh HA CBITOBOMY PHHKY T'OJ0COBOi OiOMeTPii MOXHA
HA3BATH HACTYITHUX:

* Agnitio (lcrauis)

* Auraya Systems (ABctpais)

* Authentify (OAE)

» KeyLemon (I1IBefinapis)

* Nuance (CILLIA)

* ValidSoft (Benuka bpuranis)

* Verint Systems (CLIA)

* VoiceTrust (Himeuunna)

* VoiceVault (Benuka bpurasist)

Jlinepom punKy 3apas 3izHacThes Nuance. [i pimenns Bctanosiesi iPhone,

Ockinbku Siri mOOymOBaHa came Ha TexHOOriT Nuance.

BucHoBok : 3aBmanHs imeHTH}IKAii TOr0, XT0 TOBOPUTH MO TOJOCY, € B
JIAHAN Yac ayKe aKTyalbHUM | TPOJOBXKYE HAOMPATH MOMyaspPHOCTI. PHHOK
noTPedye HOBUX SKICHIIMX PitreHb. Yci icHyroul cuctemu ineHTudIikamii auKTopa
3aKPUTI TA HE HAMAIOTH OMUCY MPUHIUITY CBOET POOOTH.

HatirikapimumM | npakTHYHO HIHHUM € 3aBIAHHS TEKCTOHE3aICKHOT
ImenTrdikanii. Takok cucTeMa MOBUHHA MATH MOXIIMBICTD IIBUAKO J0/1aBATH
HOBOTO JIUKTOPA 10 CBOET 6a3u (0e3 3MiHu apXITeKTyPH BCIi€l CUCTEMH, 1110 MOXKE
CIPUYMHUTH MOTIPIIEHHS IKOCTI @00 BUMAraTy BEJIMKOr0 yacy POOOTH) Ta HE
BUMAraTy BeJUKOr0 00CATY HABYAIbHUX JAHUX (HE MOYKHA BUMAraru 3 HOBOrO

OUKTOPA KijabKa TOAMH HOr0 3amucanoi MOBK). [6]
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PO3/ILI 2. PO3POBKA OIITUMAJIBHOI'O METOJY
r0JIOCOBOI IIEHTU®IKAIIIT

VY po3aini cTaBUThCS 3aBHAHHS IAeHTU}IKAIIT 38 TOJIOCOM Ta OMUCYETHCS
MeTOJ imeHThdikamii Ta MeTPUKHU AKOCTI imeHTudIiKamii, 110 BUKOPHUCTOBYIOTHCS.
3apnanHs imeHTH}IKANIT PO30MBAETHCS HA IMIJI33BJAHHS, BHPIHAIOTHCS CTAIH
poooTn cuctemu imentudikanii. HaBOasTbcss METOAM BHPIMIEHHS MOCTABICHUX

mmia3amay.

2.1 ITocmanoeka 3a0aui 20100601 iI0enmudpikayii

[TocraBumO 3aBmanHs imeHTHdikamii 3a romocom. HeOOXimHO cTBOPUTH
cucteMmy IneHtudikamii 0cOOM aMKTOpPa 33 HWOr0 rojocOM B OTPUMAaHOMY
ayzaiosanuci. Cuctema MmOBUHHA MATH MOXUTHBICTB 30ePiraTu roj0c TUKTOPA y CBOTH
0a3l Ta BUKOHYBATH IcHTH}IKALIO 33 3aMMTOM Ta OTPUMAHHS HOBOTO ay/1103aIuCy
ronocy. Jlonmyckaerbes, 1m0 ineHTudikaris BigoyBaruMeTbes M0 3aKPUTIE MHOKHUHI
30epeeHHUX r0JI0CiB — y IbOMY BUMAJIKY BIAMOBIAb 38BXAM ICHYBATHME | TUKTOP
3aBXau Oyne 3HanaeHO. Tak0k HeOOXiaHO, m00 HA BIAMOBIAL CUCTEMH BILINBAB
JuiIe royioc AMKTOPA | HISK HE BIUIMBAB BUMOBJICHHMH HA aymiO3ammcli TEKCT —
cuctema OyJie TEKCTOHE3JIEeKHOIO.

Bce 3aBnanns inenTudikanii MO>kHa PO30UTH HA KiJTbKA eTarliB:

* [Iepen06poOOKa curHamy

» Buninenus 031ax

* PosmizHaBanHs 1uKTOpa

[Micnsa 3amucy roaocy 3ac00amu 3amucy Ta OTPUMAHHS HA BXIJ CHCTEMH
rojg0c HeOOXigHO momepPeaHb0 00pPOOMTH. Y Iiel eranm BXOAWTH YHINCHHS -

BUJIQJICHHS CTOPOHHIX TMIyMmiB, MEPeXeBOr0 Tyiy, BHUIIJICHHS TOJOBHOTO Ta
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BUOAJICHHA THITHIX FOJ'IOCiB, BUOAJICHHA nay3, MOCUJICHHI BHCOKHUX 4YaCTOT Ta

HOPMAUTI3aLlis CUTHAITY.

Puc. 7 O6po6ienuii 3anuc

I | ‘ I |

- - L I

3 " 5 6
Puc.8 Ayaio 6e3 mrymis

, -

Puc.9 YminsHene ayio

[Totim 3amnuc HeOOXIAHO MOIATH Y BUTIIAAI OAraTrOBMMIPHOTO BEKTOPA O3HAK,
HA OCHOBI KOT0 OyJ1e BUKOHYBATHCS PO3II3HABAHHS JUKTOPA.

VY miii poooTi OCHOBHA yBara MPUAIIATAMETHCSA OCTAHHIM JBOM eTamam,
nepmui eran nepPea0opoOku Oyae PO3risaarucs n00IKHO, Oyae BUKOHAHO JIMIIC

00MexeHy KITbKICTh HEOOXITHUX MTePeTBOPEHb.

@
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Taxkum urHOM, 3aBAAHHS rOJI0COBOT ineHTHdIKAIIT MOsTae B ineHTrdikamii
AUKTOPA 38 OTPUMAaHKUM ay110¢aiiiiom 3 HOro mPOMOBOIO Oe3 yPaxyBaHHs CKa3aHOr0
TeKCTy (B macuBHOMY Pesxumi). [1pu 1bOMy 38BIAHHS € 3aKPUTUM — JUKTOP 38BN

BHOMPATHMETHCS 3 JUKTOPIB, 3aPEECTPOBAHMX Y CUCTEMI.

{ lonocoeuis ﬂ
i BBIA

{ MoxpauiexHs
, AKOCTI 3anucy /| _

Cucrema
pO3nNi3HABAHHA
ronocy

{ TpexyBaHHs
o |
\  Mopened

KopucTtyeau

(lipTeepmKeHHs
ronocy

-WﬁeHTMQanwﬂz
\ AuKTopa

Puc. 10 Jliarpama npereeHTiB
Omnuc cnoco0y npeacTaBaeHHs roa0ciB
3BYKOBHI CUTHAI SIBJIsIE COO010 BIOPSAAKOBAHUI MAcHB 3HAYCHb aMILIITY N
3BYKY, A0 SIKOrO AOJAHO 3arOyiOBOK, IIO0 MICTHTH KIJBKICTh KaHAIIB, 4acTOTY
auckpeTu3aii Ta innry inpopmaniro. OqHak aHanizyBaru JaHi B TAKOMY BHIUISII
HEMOKJIMBO - BOHHM HE MICTATH KJIFOUOBUX O3HAK, HA OCHOBI SIKHUX METO]T 3MOKE JIATH

XOPOWwuil Pe3yabTar.

MFCC (Mel Frequency Cepstrum Coefficients) OyB MeTOa0M, SKHM

BI/IKOpI/ICTOBYBaBCH JIIsL BI/II[iJ'IeHHH rojJI0COBHX XaPaKTCPUCTHUK
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KM IHPOKO BUKOPHCTOBYBABCS B 00JACTI MOBIICHHEBHMX TEXHOJOTIH, SK
JUIS PO3mi3HABAHHS MOBI, TaKk | I MOBJICHHS BH3HAHHA. KencrpaabHwuii
KOehiieHT € (QyHKIi€0, sKa 3a3BUYaii  BHUKOPHUCTOBYETHCS B  CHCTEMAX
pO3mi3HaBaHHS I'0JIOCY.

Buxig MFCC e xOeditieHT 03HAKH, SKUH MICTHTh 3HAUEHHS, SIKI MOXYTh

MPEACTABIISITH CUTHAI MOBJICHHS . [7]

OnHuM i3 cri0cO0IB MPeIcTaBIeHHS ayAI0aHNX TA BIJIYYCHHS 3 HUX O3HAK €
OJIePKaHHS KPe9acTOTHUX KencTpanbaux Koedimientis (Mel Frequency Cepstral
Coefficients).

Buxinuuii curaan HapisaTh Ha Gpeiimu (BIkHA) HeBeMUKOiT 10BxuHU (10-40
Mc), IO MepPeKPuBarOThCA. [10TIM A0 (peimiB, MO BUHIILIM, 3aCTOCOBYIOTH BIKHO
Xemminra (m00 3rIaaMTH 3HAYEHHS HA Mexax (PeWMIB | 3MEHIIUTH BHUTIK

CHEeKTPY), POOsITh mBHaKe iepPerBOPerns dyp'e (FFT) [8]:

| OTPUMYIOTh CHEKTPAIbHY TYCTHHY MOTYXHOCTI (PO3MOaia MOTYXXHOCTI
CUTHAIY B 3&ICKHOCTI Big 4acTOTH, TOOTO NOTYXKHICTh, HI0 TPHUIIANAE HA
OJMHUYHUI IHTEPBAI YACTOTH).

[Totim crieniambHOO «TPeOiHK0I0» (BIMBTPIB, PO3TANIOBAHUX PIBHOMIPHO 33
KPeMa00-MKaI00 (MATIOHOK HIKYE) POOISATh KPeWI-criekTporpamy (KOKeH
KPeHa-pIIbTP - 11e TPUKyTHA BIKOHHA (QYHKIIIS, KA MiJICYyMOBYE KIJIbKICTh €HEPrii
HA TEBHOMY jlama3OHi 4acTOT | THM caMHM Ja€ KPeiaa-koediiieHt), micis
a0rapudmMyoTh OTPUMaHI Pe3yabTaTh (BBAXKAETHCS, 110 TAKUM YHHOM 3HHIKYETHCS
qyTIuBICT KOeQiiieHTIB A0 myMiB) | 3aCTOCOBYIOTh JTUCKPETHE KOCHHYCHE

nepetBOpenns (DCT) - anroput™ crucHeHHs AaHuX. [9]
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The 10-filter bAel Filterbank
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Puc.11 Jlecath kpeia-GiabTPIB - TPUKYTHUX BIKOHHUX (QYHKITIH.

Orpumani TAaKUM YHUHOM KOCQIIIEHTH SIBJISAIOTH COOOK SKYCh CTHCIY
XapPaKTePUCTUKY Kaapy. IIpu 1150My, Ockinbku GIAbTPH, sKI MU 3aCTOCOBYBAIH,
Oynu po3ramoBaHi B Kpewai, kKoediieHTH BPaxOBYIOTh OCOOIMBOCTI CIIPUHHSTTS
JFOJICBKOTO ByXd, 4 3HAYMTh HECYTh Olible KOPHCHOI iHdopmarii. TTpuitHsITO
BUKOPHcTOBYBATH Bija 13 10 25 MFCC Ha kanpi.

Tak sk IHAMBIAYyATBHICTH TOJOCY YACTO 3AICKHUTH Bi MIBUAKOCTI MOBH,

0c00IMBOCTEH BUMOBH T MPUCKOPEHHS, TAKOK BPAaXOBYBATUMEMO MOXITHI.

2.2 Onuc mem00y 10enmugbikayii, w0 6ukOPuUcmOByEMbCsi.
Ha nanomy eraml HeOOXigHO, Mawouyud HOBHE HAOIP O3HAK HEBIAOMOIO

JIMKTOPA Ta Oe3iu 30epekeHux y 6a3l HAOOPIB BiIOMUX ITUKTOPIB, BIHECTH HOBI
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nanl 10 mpaBwibHOI kareropii — gumkropa. CQOopmynbpOBaHE 3aBIAHHS
BUPIIIYBATUMETBCS YePe3 MO0y 0By ONTHUMAIBLHUX TS KOXKHOTO TUKTOPA MOIeen
raycciBchbKOi cymitnl PO3moiiis.

KopucTyeay Aypgio chain

s

3anuc ronocy 3aBaHTKeHH: dainy || YCYHEHHA LWyMiB

- -

thainy

JasanTakedus mogeni (T

PosnizHasaHHA -

MiMoBipHicTL (TOYHICTE)

Puc. 12 [liarpama mociiioBHOCTI

Mognens raycoBoi cymimi posnoziiis [10] (Gaussian Mixture Model) - e
GyHKIIIS, 10 CKIATAETHCS 3 IEKITBKOX TaycciaHiB, KOXKEH 3 SKUX IIeHTU(DIKYEThCS
sk k € {1,..., K}, ne K — kinpkicTh KacTepiB y HA00PI AaHUX. |HIIMMHU CI0BAMHU,
Mognens T'aycoBoi cymimi (GMM) e cymimmio 6ararOBUMIPHHX TayCOBHX
pO3momiaiB  WMOBIPHOCTEH  (OaratOMIPHUX HOPMAaIbHUX  PO3MOALTIB),  SKi
HAWKPAIIUM YMHOM MOJIEIIOIOTH BXIIHNN HAOIP JAHMX.

Xouya GMM yacto knacudikyeThcst K AIMOPUTM KiacTepusarii, y HAIIOMY
BUIAIKY BOHA MMPEACTABIATAME OMIHKY IIIBHOCTI. |HIIMMHK CITOBAMHM, Pe3yIbTATOM
npunacysaniss GMM 10 naHuX € TeXHIYHO He KiacTePHa MOjesb, a HMOBIPHICHA
MOJIe/Ib, 0 OmUcye PO3mOAiT nqaHux. Ha MamoHKy HuK4Ye AaHl mpeicTaBlieHl K
TOYOK, siKi P030uTi Ha Kiactepu. Kpamku k0kHOr0 kinactepa nodapoosani cBOiM
KOBOPOM. BrakuTHI KOa MOKa3yroTh 3MOzAeas0BaHni GMM po3nomina BXIAHHX
nanux [11]. TlokazanO pesynbrard POOOTH Jjsi JABOX THIIB KOBapiamii -

covariance type="spherical" (;1iBOpy4) Ta covariance type="full" (mpaBopyu).

GMM
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-

Puc.13 BizyanbHe npencrasicHHs KOMIOHeHTIB GMM 3a1e:KHO Bij JTaHUX

Ta TUITY KOBapiamii

BakauB0o BuOparu 10cTatHio KIIbKiCTh KOMIIOHeHTIB GMM, iHakie BOHA

JaBaTuMe NMOTaHui Pe3ynbTaT (MATIOHOK HUXKYE).

ar
or
co
oo

2.0~

or-

es 0s ar or co 00 2.0 or- a.r-
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Puc.14 Tloranuii Onuc 1aHux (JIiBOPyY — 2 KOMIOHEHTH) Ta FAPHUI

(mpasopy4 — 16)

2.3 Onuc cn0oco6y nopienanus 2010cie

GMM 3py4Ha, OCKIIBKH € THYYKHM 3ac000M MOJETIOBAHHS JOBIIBHOTO
0araToBUMIPHOTO PO3n0aiay AaHux. [Ticis p0ro MOeIIIOBaHHS Oy 1eM0 30epiraTu
Bcl otpumani mozaeni GMM k0xHOT0 aukTopa. [12]

OtpuMyroun Ha BXi1 HOBHI HAOIP O3HAK, AKMI HEOOXITHO BigHECTH 10 BIPHOT
Kareropii - mukTopa, OyaemMO i KOXHOro 30epekeH0i momeni GMM maukrTopa
BU3HAYATH WMOBIPHI 3HAYEHHS MPHUCYTHOCTI cepea AAHOTO PO3MOiay 3amMCcaH0ro
BEKTOPA O3HAK. |HIMMHM cIIOBaMH, MOPIBHIOBATUMEMO Pe3ysbTar Bia KOXKHOT
36epexen0i GMM. BipHOro kareropiero Oyae BU3HAHO TUKTOPA 3 MAKCUMAILHUM

3HAYEHHSAM HMOBIPHOCTI.

Ormuc BUKOPUCTOBYBAHUX METPHK SKOCTI

JIonmycTuMO, HeOOXITHO BU3HAYMTH, YN HAICKUTH 3Pa30K MOBH Y JUKTOP S
(3 HAbOPy 30epexeHnx TUKTOPIB). CHOPMyTF0eMO HeOOXIaHI TIMOTE3H.

HO - mOBa Y HauIeKUTh AUKTOPY S

H1 - moBa Y HANEXUTH HE TUKTOP S
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MATPHINO TOMUJIOK Kiacudikanii mpeactaBieH0 B TAOIUIl HIbK4Ye. Y HBOMY

Y — BiaAnOBiap anroputMy Ha 00'ekTi, Y — cripaBkHs MITKA 00'€KTa.

Tabmung 2. MaTpuis ToMUIOK Kiacudikarii

Y=YE€ES Y=Ye¢Ss

Y=YE€ES True Positive (TP) False Positive (FP)

Y=Y¢gS False Negative True Negative
(FN) (TN)

Toxi momuika meporo poay Oyxae WMOBIpHIcTIO "BigMOBH cBOeMy" (False
Negative), i moMuiaka apyroro pomy - WMOBIpPHICTH "momycky uyxoro" (False
Positive). [13]

BBenemM0 meTpuky TOuHOCTI. BOHA BU3HAYAETHCS 38 TAKOIO (hOPMYIIOLO:

TP+TN
TP+TN+ FP+FN

JInst OiHKY SKOCTI POOOTH aIrOPUTMy KOKHOMY 3 KIACiB OKPeMO BBEIEMO

accuracy =

METPHKH precision (TOYHICTB) | recall (mOBHOTA).

o TP
precision = m
TP
recall = TP+—F1V

Precision MO)HA IHTepnpeTyBaTH SK YACTKYy 00'eKTiB, HA3BAHUX
KaacuikaTOpOM MO3MTUBHUMH | TPU I[bOMY iHCHO MO3uTHBHMMH, a recall
noKasye, Ky 4actky 00'eKTiB MO3UTHBHOrO KJACY 3 ycix 00'€KTIB MO3UTHBHOIO
KJIacy 3HAWIIOB aIrOPUTM. BBeneHHs precision He J03BOJIsiE HAM 3AIMUCYBaTH Bl

00'ekTH B OJIUH Kj1ac, TOMY 1110 B I[bOMY BUIAAKY MU OTPUMYEMO 3POCTaHHS PIBHS
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False Positive (FP). Recall neMOHCTPY€E 31aTHICTS QITOPUTMY BUSBIISATH el Kiac

B3araui, a Precision — 3aaTHICTh BIAPI3HATH Iei Ki1ac Bix IHIIMX KJIaciB.

2.6 OnrruMizaris MmeToay

Puc.15 ®ynknionanpHa cxema ieHTudikamnii inkropa

1106 30eperTu 3pa3Ok roj0Cy HOBOTO AMKTOPA, HEOOXIMHO CTBOPHUTH Ta
Hasunt GMM, a notim 30epertu ii B 0a3i. Oguak y nmporeci HABYAHHS BHHHUKAE
TPYAHOIII — TOJA0COBUX AaHuX 3amain0. J[ist xopomoro Hasyanus GMM OakaHo
MAaTH KiJIbKa TOMH MPOMOBH TUKTOPA. Y IbOMY 3aBJIaHHS TaKa BAMOra HEMOK/IUBA.
[ToTpi6HO BMITH OyayBaTtd MOJEIL HA HEBEIMKOMY 00cCs3i AaHMX — mapi caiB 4u
napi ¢pas. [14]

BupimysarumMeMO 1110 mpooiemMy 3a a0nOMOrow YHiBepcanbHOI (hOHOBOT
mozeni (Universal Background Model, UBM, YOM).

VYuisepcanbaa ponosa moxens (UBM) B 3amaui pO3mi3HABAHHS TUKTOPA €
IEIKOI0 MOJEIUII0, HABYEHOIO HA KIHIEBIN BeNMKIN KIIBKOCTI rOia0CIiB IEBHUX

JMKTOPIB | MICTUTH B cOOI anmOcTepPIOPHI 3HAHHS MPO BIAINTYBAHHS JFOJCHKOTO
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rojocy B mimomy. UBM TakOx € BelmkOo0 MOjae/uto raycoBoi cymimi (GMM),
HABYCHOT /I TPEACTABJICHHS JAMKTOHE3ICKHOr0 PO3mOainy O3HAaK. MOjenb
HABYAETHCS MeTOnOM Expectation-maximization (EM) Ha HaBYaibHIA MHOKHHI.
BekTOp cepenHixX, BHTATHYTHH 13 MOmenl Tiicias HABUYAHHS, HA3UBAETHCS
CyINePBEeKTOPOM cepenHix. Koiau HeOOXIMHO OTPUMATH O3HAKU JJISl BUMOBH, IO
3HOBY mnpwmiinuia, mapamerpu UBM [15] mignmamrOByrOThCS METOIOM OIIHKH
anocTePiOpHOro MakcuMyMmy (maximum a posteriori probability estimate, MAP) i
OTPUMAaHUN  BEKTOP cePeaHix MOjaeal BXKE HA3UBAETHCA  JUKTOPCHKUM
CyIepBekTOpOM cepennix. [Tinoynosana Mmoaens Oy e kinmeBoro GMM i HOBOTO

JTUKTOPA, sKa Oy/e 30epexeHa.

Puc.16 ®dynkiiOHANTBHA cxema CUCTEMU r0JI0COBOT

inenTudikamii/sepudikarii 0coou

Takum ynnOM, UBM 103B01sI€ peantizoByBatn GMM Ha HeBemuKIi KITBKOCTI

BXIIHMX [OAHUX HOBOrO0 JOUKTOPA, @ TaK0XK J03BOJIAE€ 30UIBIIUTH TOYHICTH
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PO3mi3HABAHHS AMKTOPA MOPIBHAHO 3 HEAAANTOBAHUMHU MOZCIISAMH, SKI MOXKHA
00y IyBaTH HA HEBEIUKIA HABYAIbHIM BUOIPIII.

Cucremu, ctBOPeni 3a aomomororo UBM, HA3uMBaOThCI CHUCTEMAMM
Bepudikamii mukTopa HA OcHOBI MOxmeni ['aycOoBux cymimield Ta yHIBepCAITbHOI
¢donosoi mozeni (GMM-UBM).

[Tpunatun HaBuanus Ta Po60Tr UBM 300paskeHnii HA MAJTIOHKY.

MHoX1Ha

HaB4YaHHA

EM Anroputm } > B UBM

AvKTOpCbKUA

MAP anropvutm .
P GMM

lecToea BMMOBa

Puc.17 Cxema HaBuanus ta ¢pysakiionysanas UBM-GMM
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[Tpu crBopenni UBM He00xiaHO, 00 gaHl, M0 BUKOPUCTOBYIOTHCS JIJIS
HABYAHHSA MOjeni, Oynu 30&1aHCOBAHMMH MO0 MOJAIBIIOr0 3aCTOCYBAHHS
cucteMu. lHIMMM cI0BaMu, rOjJ0CH JUKTOPIB MOBHHHI CHJIBHO BIIPI3HATHCS, Y
BUOIPII MOBMHHI OyTH MPUCYTHIMH SIK BHCOKI TOJOCH, TaK | HU3BKI, 3 PI3HOO
MIBUAKICTIO MOBH Ta PI3HMMH 3aIMCYIOUYUMH CHCTeMaMmu - 30anaHcOBaHi | Ha
KIITAIT BUKOPUCTOBYBAHUX IPH 3aIHUCI TUKTOPIB MIKPODOHIB.

Y moOkazaHo, MmO CHCTeMH TOJO0cOBOI Bepudikamii, MmO BHPOOIIIOTH
amanranio MOzenl AUKTOPA 3 yHIBePcanbHOI (OHOBOI MOaemi, MalOTh HAOAraro
Kpamy TOYHICTh, HI)X CHCTEMH, B KX MOJCIIb JUKTOPA HABYAETHCSA OKPEMO Bij
YOM. Ile mOxua mnoscHuTH THM, MmO Y®M mnokpuBae Oinpmiicte Kiacis
AKyCTHYHHUX MOAI#, M0 3'IBIASIOTHCA y MPOMOBI IUKTOPIB. BiamoOBimHO, mig vac
aganTarii MOaeni JUKTOPa YacTHHA TAKKUX MOIIH, 110 3'IBUIKCS B IPOMOBI JUKTOPA,
3MIHIOIOTh | TIAIAITOBYIOTh KOMIIOHEHTH CyMill Il KOHKPETHOTO JHUKTOPA.
YactrHa mOmid, moO 3aIWNIMIACA, HE 3YCTPIYAEThCS B HABYAILHIN BHOIpII,
KOmiroeTscst 3 YOM. Takum urHOM, 1ie 10aa€ CTIHKOCTI MOl 40 THX aKyCTHYHUX
nOi#i KOHKPETHOTO TUKTOPA, skl OyJIu BiACYTHI B HaBU&IbHINA BUOIPI. [16]

Jlis D-mMIpHOTrO BekTOpa O3HAK X, MOJAHOr0 HA BXia, MIUIBHICTH cymimii

PO3Pax0OBYeETHC SIK:

M
PGxI) = ) wi * g(xli T
k=1

Tyr:

X — € D-MIpHUM BEKTOPOM O3HAK

w_k,k=1,..,M — gu € cymim Baramu, y cymi BOHH = 1

u k,k=1,..,.M — marouyBanHs K0xHOT ["ayccianu
A=w_kp kX k)k=1,...M — napamerpu k0xxu0i GMM
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Y k,k=1,..,M — xoBapiariis k0xH0i ['ayccianu

g(x|u_k,X k) — rycrunu I'ayccian, 1110 BU3HAYAIOTHCS SIK:

1 1 _
g(xlnuk' 2:k) = 0D 1 exp_i(x_“k)Tzkl(x—Mk)

(2m) 2|2k |2

3a3Buyaii BHKOPUCTOBYEThCS JlarOHaIbHA KOBApiamiiftHa MaTtpwisg, a He
MOBHA MATPUIIS KOBAP, OCKIJIbKU BOHA OlbIT e(heKTHBHA 3 00YMCITIOBATBHOT TOYKH
30Py | eMmipUYHO TPAIFoe KPare.

GMM HaBuaeThcss HA HAOOPI HABYATHLHUX BekTOPIB. Ilapamerpu GMM
OOYHCIIOIOTBCS  ITEPAaTUBHO 3 BHUKOPHCTAHHSAM  &IrOPUTMY  MAakKCHMI3arii
ouikyBanus (EM), i TOMy HeMae »OJHUX TapPaHTii, 1m0 BiH ABIYI IEPETBOPIOETHCS
HA Te came PileHHs B 3a1e:KHOCTI Bi IHimiamizanii.

Anroputm MAP € T0#1 camuii anroputm EM 3 nouyarkOBuMu napamerpamu
mozaeni GMM, pisaumu mapamerpamu UBM. Ha xOxHii iteparii BigOyBaeThes
nepepaxyHOK Ta 3MiHA MATO4IKyBaHHS MOjeil, 30epiraroun 3HaYCHHS KOBAPalii,
OCKIJIbKH 3MIHA KOBaPAIii He MOKPAIIye AKICTh POOOTH MOAEIII.

JIng  mepepaxyHKy MAaTOXHIAHHS  BHUKOPHUCTOBYETHCS  MAKCHMAIbHA

anocTepiopHa ananraiis (maximum a posteroiri adaptation) [17]:

MAP _ UBM
e = apie + (1 — ap)
Tyr:
A = —*— — KoedillieHT aAANTAL] MHOXKEHHS
ng+ g

N, — KUIBKICTh amanTaifiHuX JaHUX

74 — (akrop BianosigHOcTI (relevance factor)
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Buchosok: Jlns peanmizanii cucremu igeHtudikamii BUKOPHCTOBYBATUMEMO
metonq GMM na o3nHakax MFCC. Ontumizamis y Burmssai UBM  m03BOIUTS
no30yTucss HeAOmIKiB Ta TPyaHOmIB nmooynoBu GMM, [18] omucanumx vy
nonepeaHpOMy  Posxaiai. GMM, Oyaydn 3ac000M MOACITIOBAHHS JIOBIILHOTO
0aratOBUMIPHOTO PO3MOALTY AAHMX, BUKOHYBaTHME (QYHKIIIO Kiacugikaropa,
BUIAIOYM IIIJIBHICTE CyMmimi HA BXIZHOMY BEKTOPI O03HAK I KOKHOIO I3

30epexxennx TuKTOpiB [19].
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PO3/1J 3. PO3POBKA IPOI'PAMHOI CUCTEMHU I'OJIOCOBOI
ITEHTU®IKALIL
Ha pganomy erami mpOBOaMBCS BUOIP T BHBUEHHS MOBU Ta JOMOMIMKHHX
0i0mioTek s peanizamii cucTemu, NMPOBeAeHO TA OMHMCAHO camy Peasizamiio Ta

nepeBipeH0 PoOOTy MeTOY IaeHTH(IKALI].

3.1 Bubip mOsu ma o00nOmixchux m00yiaie Onsi npOepamuOi Pearizayli
cucmemu

Peauizaris Moiese, anropuTmiB 00P00OKH ayaiodaiiry, GyHKIIH MO0y 0BH
KOedIiiieHTiB, @ TAKOX AOAATKOBHX METOIIB BUKOHYBaIacs MOBOio Python3.10. Sk
A0nOMDbKHI 610110Tekn BUKOPHCTOBYBaIKCs 0101i0Teku librosa, pydub i contextlib
JUIS 3aBAHTKEHHSA Ta POO0THM 3 aymiodaiiaom, python speech features s
nooynosu MFCC, webrtcvad mis peanizanii GyHKIIT 1eTeKTyBaHHS HAsSBHOCTI
MOBH B ayalOcurHaii, joblib s 3anmucy gaHux Ta MOjescH, a Tak0x Numpy Juis
peamizamii ¢yHkmii Ta anmropurMmy. P03p00ka mPOBOAMIACS y TPOrPaMHOMY
cepenosuti Intellij Idea ra PyCharm.

MogenoeaHHs ‘ ]
—————»  rOROCY | —

Tpe-ygam—g AVKTOpa ‘ ‘

B4 |

KOpUCTYBaYIs

‘
‘ Mepeeipka ‘
<‘ MoKpaleHHa | BUTArHEHHS TeeT ""H'hIH : |
> | Em— SR ——————  03HAK Ha [ —————————
anucy | 03HaK P
: cnisnagiHHA | |

Kopmerysay

Y

BucHOBOK ‘

Puc.18 IIporec poGoTu cuctemMu
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3.2 DynxionanvHi gumozu
OyHKIIOHATBHI BHMOTH 0 CHCTEMH pO3Ii3HABAaHHS TOJIOCY JHKTOpa
HACTYIIHI
e (CucreMa MOBMHHA MAaTH BUCOKHI PiBEHb MPABHJIBHUX BUCHOBKIB PO
pe3ynbTaTH 30ITiB B TOJIOCI
¢ [HdopmMaBaHHS KOpHUCTyBada MPO MOMUIIKH
e (CucreMa NOBMHHA MaTH Oe3meyHa AJis JaHUX KOPUCTYyBaya.
e Cucrema noBuHHa BupaxoByBath 10 500 3pa3kiB rosocy 06€3 BETUKHX
3aTpar yacy

e (Cucrema NoBMHHA BMITU 00pobIiaT hopmaT wav

3.3 HeghynkyionanvHi eumozu
e (CucreMa IOBHHHA OyTH peajtizoBaHa Ha MOBI python

e [Iporiec po3ni3HaBaHHS HE MOBUHEH MEPEBUILYBATH | XBUIUHY.

3.4 [Ipoepamna peanizayis mOoenet ma aneOpummis

OmumemO peanizoBani ¢yHknii ta kimacu. Y mnpomeci Poootu  Oyio
peanizoBano kiaac Frame ta gpyHkiii:

def extract_features

®Oyukiris, sxka 004YMCIOE O3HAKK 3 MOMAHOr0 HA BXia aymiodparMeHry.
Oyukiis 00urcaoe MFCC i nonae nepiry ta apyry noxigny. OTpuMaHHs 03HAK -
IAHMX, 3 SKAMH TMPAMOBATUMYTh MOEIl MAaIIMHHOTO HABYAHHSA. B mpuHImImi,
3BYKOBHI CUTHAI caM 110 cO00I - 11e BKe JaHl, & caMe BIIOPSIKOBAHUI MACHB 3HAUCHb
aMILTITYIM 3BYKY, 10 SIKOTO JI0JA€ThCS 3ar0JIOBOK, 0 MICTHTh KIJbKICTh KAHAIB,

yacTOTy aMckPerm3anii Ta IHmy iHdopmamito. Ane aHamizyBatd 1l aaHi
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0e3nocepelHB0 MH HE 3MOXKeMO, OCKUIBKM BOHHM HE MICTATh TaKUX Peuei,
JMBIITYMCH HA SIKI HAIA MOJEIh MOXKE CKa3aTh — ara, OCh Il IMATKU HAJICKATh
OxHI¥ I T camiit JroauHI.

def normalize

Odyukimis HOPMautizamii mOZaHOro Ha BXia 03HAK O3HAK. barat0 meromnis
MAIIMHHOrO HABYAHHS MOKYTh BECTH ce0e MOraHo, sKII0 OKPeMi O3HaKH He OYAyTh
OlTbImI-MeHI CcXOkI HA CTaHIAPTHI HOPMAIRHO PO3moxiireHi mani: layciB 3
HYJIbOBUM  cePeaHiM Ta OOMHMYHOI0  jaucnepciero. Dykiis  mOBepTae
HOpPMaUTi30Bauuit BeKTOP. IleHTpye O3HAKM, BUAAIAIOUM CePeIHE 3HAYECHHS KOKHOT
O3HAKH, & MOTIM MacIITadye, AIsTYU O3HAKK CTAHJAPTHE BIIXHUICHHS.

def write_wave

OyukIis 3anucye 00p0o0IeHni ayaiopparMeHT B .wav (aiiia m0 BKazaHOMy
IJISXY.

def execute

®dyHKI1is TPOBOIUTH MEPEBIPKY HA HASABHICTH CIIJILHUX O3HAK Y TPEHOBAHUX
MOJICIISX T MPOBIPsie€ HA CHIBOAMIHHSA 3 METOIO 11eHTH(IKALTT.

Tax0sx 3aBanTaxye ayniodain Ta 00pooIsie HOro. Bumanse Tuiry ta nayswu,
ckJeroe Ta 30epirae. [1partoe y 1BOX pesxumax — 30epirae ab0 Bei aaHi, siki OTprumana
nicis BUAAICHHS 1ay3 a00 sSKych 3a1aHy dacTuHy. [Ipuitmae Ha BXin im's daiiny,
SIKMI TOTPIOHO 3aBAHTAKUTH TA IIUISX, SKUM MOTPIOHO 30epertr 00P00IeHun (aii.

def get_features

OyHKIlS BUTATYe BEKTOP O3HAK 337aHOi PO3MipHOCTI 3 aymiodainy adco
3aBaHTAXKYeE 30ePekeHi 03Haku ¢aitny. Sk mapamerpu nepemaerhes iMm's daiy,
kinmekicte MFCC. TIoBeprae Omepxani O3HAKH

def get gmm

CrBoproe mogens GMM 3 moganoi uHa Bxig UBM i HaBuae 1i HAa BXIZHHX

03HaKax ab0 3aBaHTaXYye 30epexxeHy Mojenb 3 ainy. [Topeprae monens GMM.
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test_ gmms
Oyukiis npu3HAueHa IS TECTYyBAHHS ICHYIOUHMX MOjenei. Bakae yac
POOOTH, @ TAKOX METPHMKH SKOCTI POOOTH KOXKHOI MOjelni, ska PO3TaiiOBaHa y

MEeBHIH 3a1aHii AUPEKTOPIi.

sklearn.mixture - 1ie makeT, IKHil BAKOPUCTOBYE rayCCIBChKI 3MiIlIaHi MOJIEII
JUIA HaBYaHHs 0e3 BuuTens (MATPUMY€E YOTUPH KOBapialliiiHi MaTpHlLli, JiarOHabHI,
chepuuni, moB's3aHi Ta moBHI). O0'ekt GaussianMixture peanizye aaroputMm
ouiKyBaHOro MmakcumyMy (EM) nnst mpunacyBaHHsI MOJeNiel raycoBoi cyminii. Bin
TaKOX MOYK€ MaJIFOBaTH JOBIPY1 CIIIICOIAM I MOJIeIeH 3 JeKIIbKOMa 3MIHHUMH, a
Takox po3paxoByBatu BIC (GaiiecoBchkuil iHDOpMAIIHHUN KpUTEp1i) ISl OIIIHKA
KUTBKOCTI KjactepiB gaHux. [logpoOuill AuBITHCS HA OQILIMHOMY KUTANCHKOMY

caiti Sklearn 2.1. Monens raycoBOi CyMiliii.

3.5 Pesynvmam pobomu cucmemu
CucreMa mokasajia ce0e HaiHOO Ta 3 BUCOKOIO IIBUIAKOAIEI0. Ha

HAaCTyHOMY PHCYHKY 300paXeHO MpOLIeC TPEHYBaHHS Ta CTBOPEHHS MOJIENeH s
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MOIATBIIOT 1IeHTH(IKAITI].

Puc. 19 [porec TpeHyBaHHS MOJENEH
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Puc. 20 IIporec nopiBHSIHHS Ta 11eHTU]IKALIT TOJIOCIB

BucHoBok : Y 1150My PO3xiii BHOPAHO npOrpaMHy MOBY Ta CepPeIOBHILE
PO3PO0OKH, TIepePaxOBaHO AOMOMIKHI 0i0MIOTekn TA OmmMcaHO (GYHKIT Ta KIIACH,

peani3oBauHi B mporeci CTBOPSHHS CUCTEMU 11eHTH(IKAIIIT.
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PO3/11J14. EKCIIEPEMEHTAJIBHI JOCJIIJIZKEHHSA POBOTHU
CUCTEMUA

VY up0OMy PO3ii HABOAATHCS PE3YJIbTATH SKCICPUMEHTAIBHUX TOCIIKEHb
MeTOny ineHTudikanii TukTopa 33 A0NOMOror KOHcTPyroBaHHs Moneni GMM- 3
PI3HMMH APXITCKTYPHUMU MapameTpamMu, a Tak0 BHOIP mapameTpiB mMoaenl s
OTPUMAHHS CHCTEMH 3 ONTUMATLHUMH IMOKA3HUKAMHU POOOTH, TAKUMH K TOYHICTb,
noBHOTa. byma BukOpumcrana nHaBuaipbHa BUOIPKA LibriSpeech o06'emom 4000
roj0ociB Pi3HUX JUKTOPIB, 3aMMCAHMX 3a JOMOMOrOr Pi3HMX ayaionpuctpois. Ha
nii BUOIPII MPOIEMOHCTPOBAHO BIUIMB PI3HUX MapamMeTPiB apPXITEKTypu HaA
pe3ynpTar POO60TH. [IpOBeacHI MOCIKEHHS AT 3MOTy BU3HAYMTH ONTUMAIIBHY
apXITEKTyPy CHCTEMH.

ITicas p0ro Oyi0 mMPOBeIeHO MOPIBHSAHHSA Pe3ysIbTATIiB POOOTH HA BHUOIPKAX
PI3HOT TPUBAIOCTI 3811 BCTAHOBJICHHS MIHIMAIBHOT HAMKPAIIOT TPUBAIOCTI IS

X0pOo1I0i POOOTH.

4.1 Onuc mecmoOgux danux, 006csiey ma 0c0bus0cmeli

HasuanpHa Ta Baigamiiina BUOIPKu ckianaroThes 3 0a3u qanux LibriSpeech.
Bona Bkirouae Kinpka cOT€Hb T'OJUH AHIIIHCHKOT MOBHM 3 PI3HMMH II&JICKTaAMH,
3anmucaHuMu Ha Pi3Hi npuctpoi. Ayaiodaiinu gucri, 6e3 mrymy ¢GpOHY, CTOPOHHIX
rojociB | 101aTKOBUX apTe(aKTiB.

[TorrepenHst 00POOKA MOATANA y BUAAICHHI TIay3 Ta ayaiodparMeHTiB THill,
CKkJIctoBaHHI (parMeHTiB TA HAPI3II HA (PArMeHTH i3 33AaHO0 TPUBAIICTIO IS

Bautipanii Ta HaBuauHs GMM.

4.2 Tecmysanus cucmemu 10enmugpixayii
JIns BU3HAYEHHS ONTUMAIBHUX MapameTPiB mozeni Oyn0 30ya0BaHo 27

MOjiesier PI3HOT apXITeKTyPH, At KOXKHOI MOl MPOBeIeHO TeCTyBaHHS POOOTH
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npu 40 10naHUX TUKTOPAx. Pesynbraryu HaBeaeHO y Tadymill. 3HAYeHHs Accuracy,

Precision, Recall o6uncneni sk cepente apupmeTrHaHe KOKHOTO KIACy (IUKTOPA).

TakOx mus THOPIBHAHHSA OyJIO BHUMIPSHO cePeHiii yac NPUAHATTS PIIIeHHS

kacudixkaTopoOM 3aIeKHO BiT TPUBAIOCTI ay1i0pparMeHTy nNpPOMOBH, MOIaHOTO HA

BXia uist imentudikanii (ctopmmi «Hac Ha 40 o» ta «Hac Ha 5 co»).

Tabmuis 3. SAkicts po6oTH MOOYIOBaHUX MOJAETEH

Kommonen | Kosapiamis | MFC | Accurac | Precisio | Recall |Yac (uwa | Yac (ua
TH C y n 40 c) 5¢)

8 diag 13 0.9946 |0.8125 |0.8916 |2.2191 |1.6222
8 diag 20 0.9951 |0.8125 |0.9 2.2509 |1.7025
8 diag 8 0.9942 |0.8203 |0.8833 |2.1254 |1.4941
8 full 13 0.9945 |0.8375 |0.8916 |4.71203 |3.1141
8 full 20 0.9945 |0.8511 |0.8916 |5.2238 |3.4823
8 full 8 0.9945 |0.8125 |0.898 |3.3213 |2.1422
8 tied 13 0.9945 |0.8502 |0.898 |4.5222 |3.0525
8 tied 20 0.9954 |0.8875 |0.9083 |5.3009 |3.5039
8 tied 8 0.9952 |0.8527 |0.878 |3.2472 |2.0821
16 diag 13 0.9937 |0.8751 |0.925 |2.45507 | 1.67226
16 diag 20 0.9954 |0.8875 |0.9 2.5688 |1.7152
16 diag 8 0.9937 [0.8125 |0.875 |2.3292 |1.6191
16 full 13 0.9951 |0.8501 |0.9 6.2387 | 4.1502
16 full 20 0.9951 |0.8512 |0.9 8.86304 | 5.6113
16 full 8 0.9951 |0.8524 |0.9 4.6579 |2.96404
16 tied 13 0.9963 |0.8503 |0.925 |6.2921 |4.0401
16 tied 20 0.9963 |0.8125 |0.925 |8.6095 |5.5437
16 tied 8 0.9946 |0.8208 |0.875 |4.6362 |2.8073
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32 diag 13 0.9954 08125 |0.875 |2.82457 | 2.05204
32 diag 20 0.9958 10.8875 [0.925 |2.8914 |2.0058
32 diag 8 0.9951 |0.8513 |0.925 |2.7116 |1.9027
32 full 13 0.9954 |0.8629 |0.9083 |12.5033 | 8.06306
32 full 20 0.9954 |0.8629 |0.9083 |15.4039 |9.91009
32 full 8 0.9954 | 0.8629 |0.9083 |7.4432 |4.3401
32 tied 13 0.9951 |0.8125 |0.886 |12.8066 |8.0172
32 tied 20 0.9954 1 0.8875 |0.9083 |15.3268 | 9.8261
32 tied 8 0.9951 10.8208 |0.965 |7.3689 |4.3601

Takum urHOM, OMKMCAHKK AITOPUTM HaBuaHHs Ta MOOYmn0BU MOaeni GMM-
UBM 0OyB Bunp0oOyBaHuii 3 PI3HUMHU TAPAMETPAMH:

1. Kinskicte MFCC: 8, 13, 20

2. Tun niactyny B GMM: full, diag, tied

3. KigpkicTe KOMIOHEHTIB: 8, 16, 32

4. 3 pi3HOI0 TPUBATICTIO TECTOBMX AAHUX: 5 cek, 20 cek, 40 cex

Jlns HaBuanass GMM Opaimcs ayniogparMeHTd nPOMOBH TPuBaIicTio 10 20

CEKYH]I.

4.3 BucnOeku 3a Pe3ynbmamamu eKCnepPumMeHmanbHux 00c1i0censb

Sk BUIHO 3 TaOuIIl, BCl 30y m10BaHI MOJeNl 1AI0Th FAPHUI Pe3ynbpTar POOOTH.
byno momiueno, moO mOxmeni 3 tumOMm kOBapiamii = full BumararoTs HAGAraro
OlnpIMit 00'eM mam'sti MOPIBHAHO 3 MOJCIISIMHU IHIIKX TTAPaMeTPIB (HAMPHUKITA, IS
16 xommonenTiB | MFCC = 20 06'em mam'siti st MOziesieit 3 tunamu diag, tied, full
nopisuioe BignoBimuo 32, 93, 1359 Kb ). Takum 4uHOM, 32 00CSATOM mam'sTi
HaiOLbIIe BuMarae mozens full, Haiimenine — diag. [IpuunHOIO 1ILOTO MOXE OyTH

OlnbIma KiabKiCTh TAapamMeTPiB MOeIl, 1110 HACTPOIOIOTHCS. Tak0k MOIEb 3 THIIOM
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koBapamii full HaiimoOBImIe HABYAeThCA HA BUOIPII (BIAMOBIIHO, MOACITH 3 THUIIOM
KOBaparii diag HABYAETHCS HAWIIIBU/IIIIE).

Yac pobotu nporecy iaeHTudikanii 3HauHO 301IbIIYETHCS TPU 301IbIICHHI
KITbKOCTI KOMITOHEHTIB cyMitii, 301IbIIeHHI TPHBAIOCTI BXITHOTO ayaiodparMenTy
s inentudikanii, 30iapmenni kinpkocti MFCC (po3mipHOCTI BeKTOPA 03HAK) Ta
BHOOPI Ty xoBapaii full.

Sk pesynbrar, Bcl cmpOekTOBaHI MOjenl AAIOTh NMPUOIU3HO OJHAKOBHIA
pe3ynbTaT. OnNTUMAIBHOI MOCIUTI0 MOXKe OyTH Oynb-sfka MOEIb 3 BIIHOCHO
HEBCJIIMKMM 4YacOM POO0TH. SIK MPHKIA[, ONTUMAIGHOK MOKe OyTH HPHHAHATA
MOJICITb 3 TTAPAMETPAMM:

1. KinbkicTs kOMmOueHTiB UBM: 16

2. Tun xoBapiarmii: diag

3. Kinpkicte MFCC: 13

4. TpuBauticte HaBYaHHSI GMM: 20 c

5. TpuBasticts TecTOBOrO pparmenta: 20 ¢

BaxyiuB0O BIAMITHTH, [0 TPHUBAIICTH TECTOBOrO ¢parMeHTa MOXKe
BIPI3HATHCS Bia TPUBAIOCTI ¢parMeHTa, mMOmaHOro Ha Bxia mozeni. Y mpoueci
nonepeaHp0i 00POOKK Ticis BUAAICHHS Tl | may3 (parMeHT MOke 3HAYHO

CKOPOTHUTHCS B PO3MIPi, TOMYy ONTHMaIbHA TPUBAIICTH 00PaHa «i3 3amacom.
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BucHoBok

B pesynprari BUKOHAHHS JaHOI HABYAIBHO-IOCIIIHHUIILKOI POOOTH Oye
JI0CATHYTO TOJI0BHOI METH - CTBOPEHO crcTeMy IaeHTHdIKaLT 0c0OnCTOCTI AUKTOPA
3a WOro royiocoM B OTPUMAaHOMYy ayaio3amwci. Y x0ji poo0Tu Oys10 BUKOHAHO Taki
3aBJIAHHSL:

1. OrpuMano HABYAIBHY BHOIPKY.

2. BuBueHO Ta po3p006seH0 MeTOo 1 ineHTHdIKaIii UKTOpPA.

3. CripOekTOBaHO Ta PO3P006JICHO ONTUMATBLHY aPXITEKTYPy 00PaHO01 MOjesl.

4. I1poiineH0 TecTyBaHHS POOOTH Pealti30BaHOI CHCTEMH.

JIocsrHyTa CTymiHB yCHIMIHOrO PO3Mi3HABAHHS CTAHOBUTH TOHAN 77
BIJICOTKIB HA JigupaniiHuX MaHuX npw TOYHOCTI T mMOBHOTI mOHax 87 ta 90
BIACOTKIB BiamOBiaHO. Hanami mms mosmimmieHHs POOOTH HEOOXITHO 301IbIIyBaTH
00csT | pi3HOMaHITHICTH HABYAIBHOT BUOIPKH i1t 00y 10BK MOei UBM. Cdeporo
3acTOCYBaHHS MOKe OyTH Oyab-ske 3aBAaHHs IaeHTudikanii, Bepudikamii Ta
ayteHTH(dIKAIT KOPUCTYBAYA CHCTEMHM 3@ HOr0 rojaocOM, 3aBaaHHs miapu3arii Ta

3a8BJIAHHSI BU3HAYCHHS KITLKOCTI THX, XTO TOBOPUTH Y 3aNMCAHOMY ayaiodarini.
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Jlonarok 1. Kox ckpunty TPeHyBaHHSA

import os

import pickle

import numpy as np

from scipy.io.wavfile import read

from sklearn.mixture import GaussianMixture as GMM
from sklearn import preprocessing

import python_speech_features as mfcc

from pprint import pprint

from tqdm import tqdm

logo =""

I'onocora | nenTudikamnis Jukropa

(Cupoin.C. IT13m-21) VERSION 1.0

def calculate_delta(array):

""""Po3paxyHOK Ta MOBEPHEHHS PI3HUILI JAHUX O3HAK MATPHIIL

rows,cols = array.shape

deltas = np.zeros((rows,20))

52
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N=2
for i in range(rows):
index =[]
j=1
while j <= N:
ifi-j <O:
first=0
else:
first = i-j
if i+) > rows -1:
second = rows -1
else:
second = i+j
index.append((second,first))
j+=1
deltas[i] = (‘array[index[0][0]]-array[index[0][1]] + (2 *
(array[index[1][0]]-array[index[1][1]])) ) / 10

return deltas

def extract_features(audio,rate):

"""Bursaraenns 20 mfcc o3Hak 31 3Byky, BukOHyBanHs CMS ta
KOMOIHALIIS PI3HULB

1106 cteOopuTH 40 dim 03HAKOBHIT BEKTOP
mfcc_feat = mfcc.mfcc(audio,rate, 0.025, 0.01,20,appendEnergy = True)

mfcc_feat = preprocessing.scale(mfcc_feat)

delta = calculate_delta(mfcc_feat)
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combined = np.hstack((mfcc_feat,delta))

return combined

curr_dir = os.getcwd()
train_dataset_path = os.path.join(curr_dir,'train’)

models_path = os.path.join(curr_dir,'models’)

def execute():
identities = {}
for root, dirs, files in os.walk(train_dataset_path):
for file in files:
if file.endswith(".wav'):
fpath = os.path.join(root,file)
identity = fpath.split(os.sep)[-3].split(*-")[0]
if identity not in identities:identities[identity]=[]
else:identities[identity].append(fpath)
if identities:
for identity in identities:
features = np.asarray(())
for sample in tgdm(identities[identity],desc=identity,ncols=100):
sr,audio = read(sample)
vector = extract features(audio,sr)
if features.size == O:features = vector

else:features = np.vstack((features, vector))
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gmm = GMM(n_components = 16, max_iter = 200,
covariance_type='diag’,n_init = 3)
gmm.fit(features)
model_file_path = os.path.join(models_path,'{}.gmm'.format(identity))
pickle.dump(gmm,open(model_file_path,'wb"))
print('[+] model saved for speaker {} with shape
{}'.format(identity,features.shape))
return 1
if _name_ ==' main__"
print(logo)

execute()

Jlogarox 1. Kox ckpunty OmiHKH

import os

import pickle

import numpy as np

from scipy.io.wavfile import read

from sklearn.mixture import GaussianMixture as GMM
from sklearn import preprocessing

import python_speech_features as mfcc

from pprint import pprint

from tgdm import tgdm

I'onocoRa | penTudikamnis Jukropa
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(Cupoin.C. IT13u-21) VERSION 1.0

def calculate_delta(array):
"""Po3paxyHOK Ta MOBEePHEHHS Pi3HUII JAHUX O3HAK MaTpwuri™"
rows,cols = array.shape
deltas = np.zeros((rows,20))
N=2
for i in range(rows):
index =[]
j=1
while j <= N:
ifi-j <O:
first=0
else:
first = i-j
if i+j > rows -1:
second = rows -1
else:
second = i+j
index.append((second,first))
j+=1
deltas[i] = (‘array[index[0][0]]-array[index[O0][1]] + (2 *
(array[index[1][0]]-array[index[1][1]])) ) / 10
return deltas
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def extract_features(audio,rate):
"""Bursaruenns 20 mfcc o3nak 3i 3Byky, BukOnyBanas CMS Ta
KOMOIHALIIS PI3HULB

106 crBoputH 40 dim 03HAKOBHI BEeKTOP

mfcc_feat = mfcc.mfcc(audio,rate, 0.025, 0.01,20,appendEnergy = True)

mfcc_feat = preprocessing.scale(mfcc_feat)
delta = calculate_delta(mfcc_feat)
combined = np.hstack((mfcc_feat,delta))

return combined

curr_dir = os.getcwd()

test_dataset_path = os.path.join(curr_dir,'test’)

models_path = os.path.join(curr_dir,'models')

models =[]

identities = {}

id_count=0

for root, dirs, files in os.walk(models_path):

for file in files:
if file.endswith('.gmm’):

identity=file.replace('.gmm’,")
identities[id_count]=identity
mpath=0s.path.join(root,file)
models.append(pickle.load(open(mpath,'rb")))



id_count+=1

def execute():
tests =[]
for root, dirs, files in os.walk(test_dataset_path):
for file in files:
if file.endswith('.wav'):
fpath = os.path.join(root,file)
tests.append(fpath)
if tests:
for test in tests:
sr,audio=read(test)
vector=extract_features(audio,sr)
predict_probability = np.zeros(len(models))
for i in range(len(models)):
gmm=maodels][i]
scores=np.array(gmm.score(vector))
predict_probability[i] = scores.sum()
prediction = np.argmax(predict_probability)
subject_name = identities[prediction]
print('[+] audio: {} >> id: {}'".format(test,subject_name))

return 1

if _name__ ==' main__"
print(logo)

execute()
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SOFTWARE ARCHITECURE DOCUMENT ABSTRACT

This paper presents the basic idea of speech recognition, proposed types of
speech recognition, issues in speech recognition, different useful approaches for
feature extraction of the speech signal with its advantage and disadvantage and
various pattern matching approaches for recognizing the speech of the different
speaker. Now day’s research in speech recognition system is motivated for ASR
system with a large vocabulary that supports speaker independent operations and
continuous speech in different language.
General Terms Pattern Recognition, Automatic Speech Recognition (ASR),
Acoustic Modeling, Language Modeling. Keywords Feature extraction, pattern
matching, ANN, HMM, DTW, MFCC

1. INTRODUCTION

Automatic recognition of speech by machine has been a goal of research for
more than four decades. In the world of science, computer has always understood
human mimics. The idea which generated for making speech recognition system is
because it is convenient for humans to interact with a computer, robot or any
machine through speech or vocalization rather than difficult instructions. Human
beings have long been inspired to create computer that can understand and talk like
human. Since, 1960s computer scientists have been researching various ways and
means to make computer record, interpret and understand human speech. The
fundamental aspect of speech recognition is the translation of sound into text and
commands. Speech recognition is the process by which computer maps an acoustic
speech signal to some form of abstract meaning of the speech. This process is highly
difficult since sound has to be matched with stored sound bites on which further
analysis has to be done because sound bites do not match with pre-existing sound
pieces. Various feature extraction methods and pattern matching techniques are used

to make better quality speech recognition systems. Feature extraction technique and
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pattern matching techniques plays important role in speech recognition system to

maximize the rate of speech recognition of various persons.

2. CLASSIFICATION OF SPEECH RECOGNITION SYSTEM

2.1 Types of speech recognition system based on utterances

2.1.1 Isolated Words Isolated word recognition system which recognizes
single utterances i.e. single word. Isolated word recognition is suitable for situations
where the user is required to give only one word response or commands, but it is
very unnatural for multiple word inputs. It is simple and easiest for implementation
because word boundaries are obvious and the words tend to be clearly pronounced
which is the major advantage of this type. The drawback of this type is choosing
different boundaries affects the results.

2.1.2 Connected Words A connected words system is similar to isolated
words, but it allows separate utterances to be “run-together” with a minimal pause
between them. Utterance is the vocalization of a word or words that represent a
single meaning to the computer.

2.1.3 Continuous Speech Continuous speech recognition system allows users
to speak almost naturally, while the computer determines its content. Basically, it is
computer dictation. In this closest words run together without pause or any other
division between words. Continuous speech recognition system is difficult to
develop.

2.1.4 Spontaneous Speech Spontaneous speech recognition system recognizes
the natural speech. Spontaneous speech is natural that comes suddenly through
mouth. An ASR system with spontaneous speech is able to handle a variety of natural
speech features such as words being run together. Spontaneous speech may include

mispronunciation, false-starts and non words
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Vocabulary

The size of vocabulary of a speech recognition system can affect the complexity,

processing and the rate of recognition of ASR system. So that ASR system are

classified based on the vocabulary as following: « Small Vocabulary - 1 to 100 words

or sentences * Medium Vocabulary - 101 to 1000 words or sentences ¢ Large

Vocabulary- 1001 to 10,000 words or sentences * Very-large vocabulary - More than

10,000 words or sentences

3.0 DIFFERENT FEATURE EXTRACTION TECHNIQUE USED IN
SPEECH RECOGNITION
Table 1. Different Feature Extraction Methods Used In Speech Recognition

System

Sr. | Method Property Advantage Disadvantage

No.

1 | Principal Nonlinear Good result for Gaussian| The directions
component feature data. maximizing variance do
Analysis (PCA) | extraction method, not always maximize

Linear map; rapid; information.
Eigen vector-based,

2 | Linear Supervised linear | Better than PCA for| If the distribution is
Discriminate map, classification, significantly non-
Analysis(LDA) | Depend on Eigen| Handles the case where the| Gaussian  the LDA

vector, withinclass frequencies are | projection will not be able

Nonlinear  feature | unequal and their | to preserve any complex

extraction method. | performance has been| structure of the data,
examined on randomly| which may be needed for
generated test data. classification.

3 | Independent Nonlinear  feature| Blind than PCA for| Extracted components are
component extraction method, | classification not ordered.
Analysis(ICA) Linear map,

iterative non-
Gaussian.
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4 | Linear Predictive | 10 to 16 lower| Spectral analysis is done| Frequencies are weighted
coding sequence with a fixed resolution| equally on a linear scale
coefficient, along a subjective| while  the  frequency
Static feature | frequency scale i.e. Mel| sensitivity of the human
extraction method | frequency scale ear is close to the

logarithmic.

5 | Filter Bank | Filter tuned It provide a spectral | always take more
analysis required analysis with any degree of | calculation and

frequencies frequency resolution (wide | processing time than
or narrow), even with| discrete Fourier analysis
nonlinear filter spacing and | using the FFT
bandwidths.

6 | Mel-frequency Power spectrum is| This method is used for| MFCC values are not very
Cepstrum computed by | find our features. robust in the presence of
Coefficients implementing additive noises it is
(MFCC) Fourier common to normalize

Analysis. their values in speech
recognition system to
reduce the influence of
noise.

7 | Kernel based | Nonlinear Dimensionality reduction| Slow similarity
feature extraction | transformations leads to better | calculation speed [14].
method classification and it is used

to remove noisy and
redundant features and
improvement in
classification error.

8 | Wavelet Better time| It replaces the fixed

resolution than | bandwidth ~ of  Fourier| It requires longer

Fourier Transform | transform with one | compression time.

proportional to frequency
which allows better time
resolution at high
frequencies than Fourier
transform
9 | Cepstral Robust Feature| It is same as MFCC but
Mean Extraction working on Mean statically
Subtraction parameter.
10 | RASTA Filtering | For Noisy speech It find out feature in noisy| It increases the

data

dependence of the data on
its previous context.
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4.0 FUNCTIONING OF SPEECH RECOGNITION SYSTEM

Testing ‘

E H Speech
Preprocessing/ £k Pattern
s M -~ g ot
IFeature Extraction Lo Classification Transcriot
- R T
A
Model Generation
/" —— / /— > :
&cousm \ langwge ‘\I'
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Speech Signal
'\
Corpus

Fig 1: System Architecture of for Automatic Speech Recognition System

3.1 Feature Extraction

Feature extraction step finds the set of parameters of utterances that have
acoustic correlation with speech signals and these parameters are computed through
processing of the acoustic waveform. These parameters are known as features. The
main focus of feature extractor is to keep the relevant information and discard
irrelevant one. To act upon this operation, feature extractor divides the acoustic
signal into 10- 25 ms. Data acquired in these frames is multiplied by window
function. There are many types of window functions that can be used such as
hamming Rectangular, Blackman, Welch or Gaussian etc. In this way features have
been extracted from every frame. There are several methods for feature extraction
such as Mel-Frequency Cepstral Coefficient (MFCC), Linear Predictive Cepstral
Coefficient (LPCC), Perceptual Linear Prediction (PLP), wavelet and RASTA-PLP

(Relative Spectral Transform)Processing etc.

Input: Digital speech signal (vector of sampled values)
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Fig 2. Sample speech signal.

3.2 Mel Frequency Cepstral Coefficients (MFCC’s)

MFCC’s are coefficients that represent audio, based on perception. It is
derived from the Fourier Transform or the Discrete Cosine Transform of the audio
clip. The basic difference between the FFT/DCT and the MFCC is that in the MFCC,
the frequency bands are positioned logarithmically (on the mel scale).which
approximates the human auditory system's response more closely than the linearly
spaced frequency bands of FFT or DCT. This allows for better processing of data,
for example, in audio compression. The main purpose of the MFCC] processor is to

mimic the behaviour of the human ears.
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Fig 3. Figure(c): MFCC Block Diagram

4.0 TRAINING A NEURAL NETWORK WITH GMM LAYER Fig. 2 shows
the structure of the embedded GMM within a Neural Network (NN) architecture
during optimization with Cross Entropy (CE). There are three modules in this figure.
The top module estimates priors online during CE training. This is done by inputting
a constant value of 1 and the reference frame label into the softmax. The logarithm
of the estimated prior distribution, log(p(s)), is then calculated. The GMM layer is
used as the last layer of the network. If the GMM layer is used after the stack of
hidden layers, the corresponding structure is referred to as Deep GMM (DGMM),
otherwise it will be called Shallow GMM. The GMM layer outputs —log(p(x|s)) for
each frame of the data. By subtracting this value from the logarithm of the prior, the
logarithm of the joint distribution can be formed: log(p(x, s)) = log(p(s)) —
(—log(p(x|s))). (4) The state posteriors for CE training can then be derived using
p(s|x) = exp(log(p(x, s))) P s exp(log(p(x, s))). In this paper all experiments used CE

training. However, the proposed design allows the use of any optimization criterion,
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such as Maximum Likelihood (ML), CE, or Discriminative Sequence Training [18]
[19]. (Use of ML to optimize the entire structure requires care, since the Jacobian of
the bottleneck features has to be handled; this is not detailed here). The trainable
sub-layers are initialized as follows. The p-layer values are initialized to random
numbers derived from a normal distribution, N (0, 1). All parameters in the X-layer
are initialized with a constant value of 0 (corresponding to a transformed value of 1)
and the parameters in the m-layer are initialized with a uniform value of 1/g. We
considered the effect on training of each parameter separately. Our observation was
that training all parameters jointly achieves the best performance, but requires more
overall training steps than first training just the means and weights while fixing the

variances, before then training all parameters together

5.0 Testing the identification system

To determine the optimal parameters of the model, 27 models of different
architecture were built, for each model, testing was performed with 40 added
speakers. The results are shown in the table. The values of Accuracy, Precision,
Recall are calculated as the arithmetic mean of each class (speaker). For comparison,
the average time of decision-making by the classifier was measured depending on
the duration of the audio fragment of the speech submitted to the input for

identification (columns "Time for 40 s" and "Time for 5 s™).

Komn Kosapi M Acc P R 4 4
OHEHTH auis FCC uracy recision ecall ac (ma 40 | ac(masSc)
)
8 diag 1 0.9 0. 0. 2. 1.
3 946 8125 8916 2191 6222
8 diag 2 0.9 0. 0. 2. 1.
0 951 8125 9 2509 7025
8 diag 8 0.9 0. 0. 2. 1.
942 8203 8833 1254 4941
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8 full 0.9 3
945 8375 8916 71203 1141

8 full 0.9 3
945 8511 8916 2238 4823

8 full 0.9 2.
945 8125 898 3213 1422

8 tied 0.9 3.
945 8502 898 5222 0525

8 tied 0.9 3.
954 8875 9083 3009 5039

8 tied 0.9 2.
952 8527 878 2472 0821

16 diag 0.9 1.
937 8751 925 45507 67226

16 diag 0.9 1.
954 8875 9 5688 7152

16 diag 0.9 1.
937 8125 875 3292 6191

16 full 0.9 4,
951 8501 9 2387 1502

16 full 0.9 5.
951 8512 9 86304 6113

16 full 0.9 2.
951 8524 9 6579 96404

16 tied 0.9 4,
963 8503 925 2921 0401

16 tied 0.9 5.
963 8125 925 6095 5437

16 tied 0.9 2.
946 8208 875 6362 8073

32 diag 0.9 2.
954 8125 875 82457 05204

32 diag 0.9 2.
958 8875 925 8914 0058

32 diag 0.9 1.
951 8513 925 7116 9027

32 full 0.9 8.
954 8629 9083 2.5033 06306

32 full 0.9 9.
954 8629 9083 5.4039 91009

32 full 0.9 4,
954 8629 9083 4432 3401

32 tied 0.9 8.
951 8125 886 2.8066 0172

32 tied 0.9 9.
954 8875 9083 5.3268 8261
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32 tied 8 0.9 0. 0. 7. 4.
951 8208 965 3689 3601

Conclusion
Over the last decade, the GMM has become established as the standard classifier for
text-independent speaker recognition . It operates on atomic levels of speech and can
be effective with very small amounts of speaker specific training data. The primary
focus of this work was on a task domain for a real application, such as voice mail
labelling and retrieval. The Gaussian Mixture speaker model was specifically
evaluated for identification tasks using short duration utterances from unconstrained
conversational speech, possibly transmitted over noisy telephone channels. Gaussian
mixture models were motivated for modelling speaker identity based on two
interpretations. The component Gaussians were first shown to represent
characteristic spectral shapes (vocal tract configurations) from the phonetic sounds
which comprise a person’s voice. By modelling the underlying acoustic classes, the
speaker model is better able to model the short term variations of a person’s voice,
allowing high identification performance. In the end, created the system for voice

identification purposes, which may be integrated to the future products.




