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AHoOTaNIis

byn0 BHKOHAaHO MaricTepcbKy BHUIYCKHY KBamiikaliiiHy poOOTy Ha Temy
«IlHdopmaniiina  TexHONOris  TOJOCOBOI  iAeHTU(IKanii 32  OlOMETPUYHUMU
XapakTepUCTUKaAMU JIIOJUHU» 3a crhemianbHicTio 121 —  «lHXeHepis mnporpamMHOro
3abesrneueHHs». Poborta mictuth 22 pucyHku, 2 Tabnuii, 3 mogaTku Ta 32 JpKepena,
ckiagaeTbes 13 81 cTopiHky.

Metoto pobOTH € JOCHIIKEHHS METOAIB OOpoOKM ayAio, MpPOBEACHHS
€KCIIepUMEHTAIBHUX JOCIIIIB MO 1/IeHTU(diKalli ocodu 3a 3anucamu ii roiocy. O6’ekToM
JOCJIDKEHHST € TojiocoBa ineHTHdIKalis ocoou. [IpeaMeroM MOCHIIKEHHS € METOAU
00poOKH 3BYKY, MOJIEJII HEUPOHHUX MEPEXK Ta rayCOBHX CyMIllIeH SIK Kiacu]ikaTtopu, 110
11eHTU(iKyI0oTh 0cOo0y 3a BEKTOpOM O3HaK. Pe3ynpTaToM € cuctemMa T0JIOCOBOT
iaeHTHdIKaIll y BUIJISAl MPOTPaMHOrO 3aCTOCYHKY, SIKa 3/1aTHA PO3Mi3HaBaTH 0Co0y 3
TOYHICTIO 710 94,8%, 3anIpONOHOBaH1 PIIEHHS MOXKYTh BUKOPUCTOBYBATUCA B MOJAIBIINX
JOCIIKEHHSIX Ta po3po0Kax y JaHiid chepi.

Kiro4oBi cjioBa: MalMHAE HaBYaHHS, IITYYHI HEMPOHHI MEpEXki, MOJIEJIi rayCOBUX

cyminiel, i1eHTudikariss IuKTopa, 610MeTpis, po3Mi3HaBaHHS T'0JIOCY.

Summary

A master’s degree project: “A biometrics-based voice recognition information
technology” was completed, speciality 121 — “Software Engineering”. The thesis contains
22 figures, 2 tables, 3 appendices and 32 references, consists of 81 pages.

The goal is to research audio processing methods, conduct speaker voice
identification experiments. An object of study is person identification by voice. A subject
of study is audio processing methods, neural networks and gaussian mixture models as
person classifiers. The result is a voice identification system as a software application that’s
capable to recognize a person with an accuracy of maximum 94,8%, the solutions proposed
can be used in further studies and developments in this field.

Keywords: machine learning, artificial neural networks, Gaussian mixture models,

speaker identification, biometrics, voice recognition.
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BCTVYII

bioMeTpuuHi cUCTEMH pO3MI3HABAaHHS BCE YACTINIE 3aCTOCOBYIOTHCS SAK OUIBII
«MPUPOJHI» 3aco0u po3mi3HaBaHHs oci0. HaimpocTimmm uisi oTpUMaHHs, HaldacTile
BKMBAHUM 1 MOIIMPEHUM Y CYCHUIBCTBI OIOMETPUYHHMM IMOKA3HHKOM € JIOJICbKa MOBA.
TakuM 4MHOM, CUCTEMH PO3Mi3HABaHHS JUKTOPIB — 1€ TEXHOJIOT1i, SIKi BAKOPUCTOBYIOTh
JIOJICBKY MOBY JIJIsl pO3MI3HaBaHHs, 11eHTU]IKalLlii a00 epeBipKU 0COOHU.

OckiIbKHM PO3MOBHA MOBA € OJIHUM 13 HalJOCTYIHIIMINUX 3aC001B (HEOOX1THUM JIHIIIE
MIKpO(OH), BUKOPUCTOBYETHCS B PIZHOMAHITHUX MporpaMax TpaH3aKIid (Hampukia,
TeneoHHUM OaHKIHT) 1 Ma€ TMOTEHIan JJs Oe3MeKH NUISIXOM CIOCTEPEeKEeHHS (3
BUKOPUCTAHHSAM TEXHOJIOT1I MiJCITyXOBYBaHHS), HE JMBHO, IO PO3IMi3HABAHHS MOBIII €
OJIHHMM 13 KJTFOUOBHUX JOCIIPKEHb 001acTi 00pOOKH CUTHAIIIB 1 pO3Mi3HaBaHHs 00pasiB.

Temoro nganoi BUIYyCKHOI KBamidikaiiifHoi poOboTH € roysiocoBa imeHTUdIKAIlS 32
O0IOMETPUYHUMH XapaKTEPUCTUKAMHU JTFOTHHH.

AKTYaJIBbHICTh POOOTH MIAKPITUIIOETBCS TOTPEeOOI0 B HAMIMHMX W MPAKTHIHUX
pIllIEeHHAX 3a/aadi ieHTUdikamii ocoOu 3a roJocoM, MiJBHUIICHUM IHTEPECOM HAYKOBOT
CHUTBHOTHU JI0 BUPIIIEHHS MPUKIAIHUX 3a/1a4 METOIaMH MAIlIMHHOTO HaBYaHHSI.

Mertoro BUITYCKHOI KBamidiKaIiiHOI poOOTH € JOCIIPKEHHS METOMIB O0O0pOOKH
aymiodaiiaiB, MeToiB Kiaacudikaiii HEHPOHHUX MeEpeX, MOJACICH TayCOBUX CyMIIleH,
IIPOBEICHHS €KCTIEPUMEHTAIBHUX JOCIIIIB 10 1IeHTH(IKAIlIT 0cOOM 3a 3amrcamH ii royiocy.

O06’eKTOM JOCIIIPKEHHS € TOJI0COBa iAeHTU(DIKaIs 0COOH.

[IpenmeToM JOCHIKEHHS € METOAM OOpOOKH 3BYKY 3 METOIH BUTSATHEHHS
XapaKTepUCTUK TOJIOCY OCOOM, MOJell HEUPOHHHX MEPEXK Ta TayCOBHX CYMIIIeH sK
KiacudikaTopu, o iIeHTU(DIKYIOTh 0C00Y 3a BEKTOPOM O3HAK.

HoBusna po0OoTu momsirae B 3aCTOCYBaHHI TiOpuaHOro OJOKYy Kiacudikaiii, 1o
CKIIQJAEThCS 3 IBOX KJIACH(PIKATOPIB Ta arperaTtopa iX BUXOIB JJIs MOKPAIICHHS TOYHOCTI

PO3ITi3HABAHHS.



PO3/ILJI 1 ITIPOBJIEMA IJIEHTU®IKALII OCOBU 3A TOJIOCOM

1.1. 'onocoBa 6iomeTpis Ta chepu ii BUKOPUCTAHHS

bioMeTpi€ro Ha3UBalOTh CYKYMHHICTh TEXHOJIOTIN MIATBEPKEHHS Ta 1AeHTUdIKAII]
0co0u, sIKI 3aCHOBAHI Ha MEPETBOPEHHI 010JIOTTYHUX, MOP(OIOTTYHUX Ta MOBEIIHKOBUX
XapakTepucTuk y nupose npenacrabieHHs [1]. Meroro 6iomeTpii € po3mi3HaBaHHS 0COOH
IUIIXOM OIlIHKK YHIKaJbHUX pUC JIESIKOI HE3MIHHOI dacThHH Tina. IlepeBaramu
O0lomMeTpuyHOi ayTeHTU(IKalli € 3pYy4YHICTh BUKOPUCTaHHS, YCKJIaJHEHI BTpatu abo
3a0yBaHHs (a/ke O10METPUYHI XapaKTEePUCTUKU € CKJIaJ0BOK KOPUCTyBaya), YCKIIaIHCHE
danbcudikyBaHHs.

Po3pi3HsitoTh n1Ba Kjacu MeETOIIB OioMeTpu4HOi ayTeHTudikamii: craTudHi (3a
BIIOUTKOM TAJIbIIsI, paliIy’>KHOI OOOJIOHKOIO OYel, T€OMETpIEI0 PYKH) Ta JWHAMIYHI (3a
rojiocoMm, 3a mouepkoM). CTaTHyHI 3aCHOBaHI Ha OIOMETPUYHHUX XapaKTEPHUCTHKAX, SKi
IPUCYTHI 3 HAPOHKCHHS, TUHAMIYHI — Ha MOBEIIHKOBUX [2].

['omocoBa GioMeTpis HaJICKHUTh 10 TUHAMIYHUX MeToAiB. [[o ii mepeBar HaleKUTh
IPOCTOTa BUKOPUCTAHHS Ta peai3alli, 3arajlbHOJOCTYMHICTh Ta HASBHICTb BEJIUKOI
KUTBKOCTI METO/IiB TT0OY10BHU 11a010HIB. OCHOBHUM HEIOJIKOM € MIHJIUBICTb T'OJIOCY Yepe3
BILJIUB TaKWX (haKTOPIB, K BiK, HACTPIiH, 37T0POB .

3a nmomomorow iHdopmMarlii, Mo MICTUTBCS Yy MOBJICHHEBOMY CHUTHAJI, TOJIOCOBA
OlomeTpiss BUpIIIye OAHY 3 HAWOUIBII aKTyadbHUX NPOOJIEM CyYacHHUX MOBJICHHEBHX
TEXHOJIOT1/ — 3aBIaHHS PO3Mi3HABAHHS JUKTOPA.

BupimieHHss mporo 3aBIaHHS MOXKE 3HAWTH 3aCTOCYBaHHS B KPUMIHAJICTHIII,
AHTUTEPOPUCTUYHOMY MOHITOPHHTY, KOHTP-PO3BIiJIll, pPaaio-po3Billi, KOMII IOTEpPHIN
Oesrmerti, MeiIUHI, TOPriBmi, 3abe3nedeHHi Oe3meku AocTymy 10 (i3uyHUX 00'€KTiB,
iHpopMaIliiHUX Ta (iHAHCOBHX pecypciB. [3]

PosmizHaBaHHS nOHWKTOpa TOAUIAETHCA HA JBa HANPSIMKU: iIeHTU(DIKAIiI0 Ta
Bepudikarito. [Ipu Bepudikarii kKopucTyBad mpen sBis€ CBi iAeHTH(IKATOP, 1 CUCTEMI

Tpeba MATBEPAUTH YU BIIKUHYTH HOTO. /{0 TOTO X B OUIBIIIOCTI BUIAAKIB Y MIATBEPIKCHHI
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1IEHTU(IKATOPIB 3allIKaBJIEHUN caM KOPHUCTYyBay, TOMY BIH HE BHOCHUTb B MOBJICHHEBI
napoJi Bapianii, siki Oy BIACYTHI B I€p10/] HABYAHHS.

[Ipu ineHTHdIKALI] AUKTOP HE BKA3y€ CBIM 1I€HTU(]PIKATOP 1 CUCTEMA PO3MiI3HABAHHS
Ma€ BCTAHOBUTH, UM HAJIEKUTh MOBJICHHEBHI CUTHAJI TOJIOCY JUKTOPA, IKUA OYB CEpell THX,

AK1 TPOUIIUIM HABYAHHS.
1.2. BnacTuBOCTI JIFOJCHKOTO TOJIOCY

JIroachbkuii rooc — 1€ CKJIAJAHUN O10JOTIYHUN CHUTHAJ, SIKMM yTBOPIOETHCS 13
B3a€EMO/II1 CKOPOUYEHHS Ta BIOpaIlii TOJI0COBUX 3B’ 130K 3 €MICI€I0 JIET€HEBOTO MOBITPS 1 HOTO
MOTOKOM Yepe3 PE30HAHCHI CTPYKTypH. [4]

Sxmo posrsiati Oy0BY MOBJICHHEBOTO anapary sSK aKyCTHYHOI CHCTEMH, TO HOTro
3pYYHO MPEJICTABUTH Y BUTJISII TPhOX OJIOKIB:

- TeHepaTop: TOBITpAHMIA pe3epByap (JiereHi), M’s30Ba CHCTEMa, KaHall
BUBEJICHHS (Tpaxes Ta ropTaHHa TpyOKa);

- BIOpaTOpH: TOJOCOBI 3B’ SI3KH;

- pe30oHaTOpU: TOpJSHKA, POTOBa Ha HOCOBA IOPOKHHHH, SKI yTBOPIOIOTH
APTUKYIIAIINHY CUCTEMY.

YacToTHHM J1aIta30HOM MOBH JIFOJIMHY BBaxaeThcs iHTepBai 3 500 1o 2000 I'u. Came
TaKWi J1alma30H BUKOPUCTOBYETHCA JUIS Tepenadi MOBH B Tele(OHHHX CHCTEMaXx.
Haii6inbin BxxuBanuM miamna3oHoM € gactotd Big 280 I'u g0 3,3 kI'r [4]. OcHoBHA yacToTa
KOJIMBAaHb TOJIOCOBUX 3B’ 30K 3HAXOAUTHECS B Mexkax Bix 50 mo 250 ' ai1st 40JI0BIKIB Ta BiX
120 mo 500 I'm gag xiHok. OgHAaK, X04 1 OCHOBHA 4acTOTa KOJHMBAHb T'OJIOCOBHUX 3B’SI30K
3HAXOJUThCA 3a MeEKaMM HIDKHBOI MEXKiI 3raJlaHMX BHIIE Jlala30HIB MOBH JIIOJWHH,
CIIPUAHSATTS MOBH HE CIIOTBOPIOETHCS: BYX0 KOMIICHCY€E HEOCTATHIO TAPMOHIKY OCHOBHOTO

TOHY Ha OCHOBI TAPMOHIK KPaTHUX YacCTOT.
1.3. IndopmariitHi cucTeMu rosocoBoi GioMeTpii

[lepma cucrema rosocoBoi iAeHTHdIKAIii Oyla 3amaTeHTOBaHA I1TATIMCHKUAM

nociaianibkuM nieHTpom CSELT y 1984 p. [5]. Biaroxi cdhepa pos3BuBasiacs TaKUMH
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xommanigmu sk Nuance, VoiceVault, Nok Nok Labs, Sensory Inc, BioLink, VoiceTrust Ta

OaraTbMa iHIIUMH [6].
CucremMu rojocoBOi 1AEHTHU(IKALIT MOAUISIOTECA HA TakKl KJIacu: IUKTOPO3AJIEkKHI,

JTUKTOPOHE3aJIe)KH1, TEKCTO3aJIe)KH1, TeKCTOHe3alIexkH1 (puc. 1.1).

i

HCTEMH ro/10coBol iTeHTHQIRAmIT

3a ]TpI{B'HSL'C'EO J0 FOHEPETHOID MOBLA

v v

JIIKTOpO3aneXH] JIIKTOpOHe3aIeKHI

3a T[FI}IE.HSKD}{‘ OO0 EMEOHOBOIS CI0BA

TexcTo3ameKHL TekcTOHS3aAMEKH]

Puc. 1.1. Knacudikartisi cuctem rojaocoBoi iaeHTudikamii

JInKkTOpO3anex Hi OPIEHTYIOTHCS HA O3HAKKM MOBJICHHS OJHIET KOHKPETHOI 0COOM YU
oOMexxeHOoi1 rpynu ocid, TOMy BOHH 3AaTHI ieHTH(]IKyBaTH JIUIIE I[OTO 3a3HAYCHOTO
nukTopa (abo rpymy). 3MiHa JUKTOpa BUMAarae MoBTOPHE HAJAIITYBAHHS CUCTEMH.

JIukTOpOHE3aJIe)KHI HE 3aJIe’KaTh BiJl MOBJICHHEBUX O3HAK MEBHOI 0OCOOM: BOHHM cami
BUTATYIOTH MOTPi1OHI 03HAKU MOBJICHHSI Ta MPOBOSATH IMOPIBHSIHHS 13 €TAJIOHOM, TOMY BOHH
MOXXYTh 1ICHTH(DIKYBaTH Oyab-IKYy 0CO0Y.

Tekcrozanexxdi morpeOyroTh, 100 JTUKTOp, SKHH MPOXOAWUTH I1MeHTHU]IKALIITO,
BUMOBHB TI€BHE KJIFOYOBE CJIOBO a00 (pasy (mapoiib), Ky MOBUHHA BUMOBHTH 0C00a, 110
MPOXOJIUTH 1IEHTU(IKAIIIIO.

TexcroHe3anexHi CHCTEMH HE MPUB’A3YIOTHCS JI0 MAPOJIiB, 71 HET MalOTh 3HAYEHHS
JUIIIE 1HAWBIAYyaIbHI O3HAKH TOJIOCY JIIOJIMHU, SIKI MOYKJIMBO BHITYYHTH 13 OyIb-K01 Ppasw,
BUMOBIIEHOI JUKTOPOM.

ITporiec 06poOKH TOOCY Y CHCTEMaX TOJI0COBOT ieHTH(DIKAIIIT CKIIAIa€ThCS 3 TAKUX
eTamiB: momepenHs oOpoOKka CHTHalTy, BUTATHEHHS O3HAaK, posmi3HaBaHHs. [lomepemHs

00poOKa 000B’SI3KOBO BKJIFOYAE 3UMTYBAHHSI ay/110 3 PUCTPOIB BBEACHHS Ta MPUBEACHHS
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curHany y mugpoBuil Burian. OmNiOHAJbHUMH, aje OaXaHUMHU € HopMaji3alis Ta
3HEIIYMJICHHS] CUTHay, MapKyBaHHsS JUISHOK MOBH. BHTSATHEHHS O3HAK 3aCTOCOBYE
METOIH OOPOOKH CUTHANIB JUIsl BUALIEHHS 1H(QOPMATUBHUX XAPAKTEPUCTHUK, SIKI MOBUHHI
OMKCYBAaTH MOJIEJb MOBU JIUKTOpa. BoHM BXonaTh y BekTOp o3HaK. ETan po3mizHaBaHHS
MOXKE PI3ZHUTUCSA MK PI3HHUMM CUCTEMaMHU B 3aJIEKHOCTI BiJl OOpaHMX METO[IB, ajieé B
OUIBIIOCTI BiH € MOPIBHAHHIM BXIJTHOTO BEKTOPY O3HAK 3 €TAJIOHHUMU. B 3a1€XXHOCTI BiJ
OLIIHKM CXOXOCTI BEKTOpPY JO €TaJIOHHOT MOJENl NpPUWMAETbCA PIMIEHHS 040

YCTAHOBJICHHSI OCOOM.
1.3.1. Hudpose nonanus 3ByKy
3BYKOBHI CUTHAN — 1€ TPUBUMIPHHI CUTHAJ, B IKOMY TPHU OC1 MPEJCTaBISAIOTh Yac,

aMIUTITYy Ta 4acToty (puc. 1.2).

t Amnnityna

Yacrtora

\\‘-Iac

7

Yacosuu npocTip YacToTHum npocTip

Puc. 1.2. TpuBuMipHHii 3BYKOBUIA CUTHAT

[Hudposa cucrema 0O6poOKHK 3BYKOBOT'O CHTHAITY Iependadae MmoJJaHHs aHaJIOTOBOTO
MOBHOT'O CHTHaiay B IudpoBomMy Burismi. IIporec BMIydeHHS 3 CHUTHAIy YHCEIbHUX

3HaUeHb HA3WBAETHCA KBaHTyBaHHAM (puc. 1.3). V psai BuUmaAkiB AJis BU3HAYCHHS
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KBaHTYBAaHHS BUKOPHCTOBYEThCA MOHATTA OiTpedt (bit rate) — wyucno OiITiB, MO

00pOOJISIIOTHCS 32 OHY CEKYH/TY.

KpOK AnckpeaunTaulii

+— [PYTWIA KBAHT
+—MepLUMA KBaHT

amnnityna

=

o1

3]
KBaHTYBaHHA

r
_l | norpilwkicts

BUMIpAHE 3HAUEHHA
aMnnityam

OKpYINEHE 3HAUEHHS
amnniTyam

Puc. 1.3. [Ipouiec KBaHTYBaHHSI CUTHAITY

3BYK CKJIQJA€ThCA 3 KOJIMBaHb, SKI MpH HU(PYBaHHI HAOYBaIOTh CTYIIHYACTUM
BurIsiz. Lle 00yMOBIIEHO THM, 11O KOMIT FOTEP MOXKE BiATBOPIOBATH B OYAb-SIKUI KOPOTKUI
IPOMIKOK Yacy 3BYK IEBHOI aMIUIITyAu (TY4HOCTi), 1 1€ MOMEHT HE HECKIHYEHHO
KopoTkuil. TpuBamicTh HOTO MPOMIXKKY 1 BU3HA4Ya€ yacTtoTa AUcKpeTu3aiii. CyKymHICTh
aMILTITYAM 1 KOPOTKOT'O MPOMIXKKY Yacy HOCHUTh Ha3By CEMIUL. AMIUIITY/a BHPaKAE€ThCS

JUCJIOM, sIKe MOJKe 3aiiMatu B daiini 8, 16, 24, 32 6it (abo OunbIe).

1.3.2. B3aeM03B’s30K BIIACTUBOCTEH JIIOACBKOIO TOJOCY Ta XapaKTEPHUCTHUK

3BYKOBOI'O CUTHAIIY

MOoBICHHEBUI CUTHANI Ma€ CKIIAHY CTPYKTYpY 1 € HECTIMKUM ofpa3y 3a OaratbMa
napamMeTpaMu: TPHUBANICTh (OHEM, TEMII, BHUCOTa TOJIOCY. Bemuky poab TrparoTh
1HAMBIyaNbHI (1310J0T19HI 0COOIMBOCTI, AKTUBHA APTUKYJIAIIS, EMOIIMHWA CTaH JIOUHU.
CxiamHuM 3aBIaHHSM € BUOIp HAOOpy O3HAK, MO0 O3BOJISIOTH MOBHO Ta KOMITAKTHO
OTMCATH MOBJICHHEBUM CUTHAI.

BigMiHHOCTI MK MOBIISIMM BUKJIMKaHI TphOMa JKEepeJiaMu Bapiallii:
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1)  BIAMIHHOCTSIMHM MDK TOJIOCOBUMH 3B’SI3KaMH Ta pO3MIpoM U (opMOIO
rOJIOCOBOTO TPaKTy (IPUPOJIHI BIAMIHHOCTI);

2)  BIAMIHHOCTSIMH B CTHJIi MOBJICHHS (HaOyTi BIIMIHHOCTI);

3)  BIAMIHHOCTSAMH B TUIIOBOMY BHOODI CJIiB.

OCKUIbKM OCTaHHE JDKEpPEso Bapialliii Ba)XXKO KOHKPETU3YBATHU 1, OTXKE, BAXKKO
JOCIIUTH, PO3MI3HABAHHS MOBIS 30CEPEKYEThCS HA MEPILIMX ABOX JKEpesax Bapialii
MK MOBLISIMH: TPUPOJIHUX BIAMIHHOCTSX Ta HAOYTUX BIIMIHHOCTSX (CTHJII MOBJICHHS). [7]

[IpupoaHi BIAMIHHOCTI — II€ BIAMIHHOCTI B TOJOCOBOMY TpPakTi 1 T'OJIOCOBHUX
3B’s13kax. Bapiatiis po3mipiB Ta opMHU TOJI0COBOTO TPAKTy 3HAYHOIO MIpPOIO BIJJOMBAETHCS
Ha CTIEKTPaIbHUX OCOOIMBOCTSAX MOBIEHHEBOTO cUrHaTy. Hanpukiian, opMaHTHI 4acTOTH,
PE30HAaHCHA YacTOTa T'OJIOCOBOTO TPAKTYy BIAPIZHSAIOTHCS MK PI3HUMHU 0coOaMu udepes Iii
Bapialiii. 3 iHmoro OOKy, BIIMIHHOCTI B CTPYKTYpl T'OJOCOBHUX 3B 530K B1I0OpaKarOThCs
BIUTMBAIOTh Ha YaCTOTY OCHOBHOTO TOHY Ta iIHTCHCHBHICTh CHUTHAITY.

HalyTti BiAMIHHOCTI € pe3yJbTaTOM pI3HOTO BHUKOPUCTAHHS apTUKysATOpiB. Lli
BIIMIHHOCT1 3/1€OUIBII BigoOpa)katoThCs Y 4acoBOMY IpocTopi. IlpukinagamMu TpuBammx
JTUKTOPO3aJICKHUX XapaKTEPUCTUK € TEeMI MOBJICHHS 1 TpuBajicTh. Ha OiibImicTs
XapaKTepUCTHUK, SIKI 3aJIe’KaTh BiJl 4acy, MOBEIb BIUIMHYTH MOXE, aje JI0 MEBHOI MIpU
BIUTUBY MIJAIOTHCS 1 OpraHiuHi XapakTepucTuku. OTxe, Ccrocid po3mizHaBaHHS JUKTOPIB
MoJIAITa€ B TIOEJIHAHHI CHEKTPAJbHUX 1 TPUBAIMX XapPAKTEPUCTUK € HAMIMHIIIAM 32
PO3Mi3HABaHHS 3 BUKOPUCTAHHSM JIMIIE CIEKTPAIIBHUX O3HAK CUTHATY.

OxpeMy Tpymy MpeacTaBIfsIOTh TapaMeTpH, 10 HAJIEXKaTh JO BOKAJII30BaHUX 3BYKIB.
Y yacoBoMy TpOCTOpl BOKaJIi30BaHI 3BYKH XapaKTePHU3YIOThCS SBHO BHPAKEHOIO
KBa31MePiOANYHICTIO CUTHAITY, TIOB’SI3aHOI0 3 KOJMBAaHHSMM TOJOCOBHX 3B’s30K. YacTora
KOJIMBaHb TOJIOCOBUX 3B’SI30K MPH BHUMOBI [3BIHKMX 3BYKIB Ha3MBA€THCA YaCTOTOIO
OCHOBHOTO TOHY 1 € OJHIEIO 3 1HAMBITyATbHUX OCOOJMBOCTEH JIFOAMHU, KA 3aJCKHUTh Bl
JIOBKMHH TOJIOCOBHX 3B 30K, iX MacH Ta HaTiry. YacToTa OCHOBHOTO TOHY HETIOCTiiHA B
MpoIeci MOBJICHHS Ta MOXXE IOMITHO 3MIHIOBATHCS HaBITh Y MeEXaX OJIHOTO 3BYKY,
0COOJIMBO /JIs1 HArOJIOIIEHUX roJIOCHUX. [Ipu IbOMy TOBXKHMHA 1 Maca TOJIOCOBUX 3B 30K €

BPO/DKEHUMU, a 3MiHA YaCTOTH BiJl BiIOYBa€ThCA 32 PaXyHOK BapilOBaHHS HATATY 3B S30K,
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Ha SIKMI, KpIM TOrO, BIUIMBA€ T'YYHICTh MOBH (IIPU MiJBUIIEHHI T'YYHOCTI BHUCOTa TOHY
3a3Bu4ai 3pocrae) [8]

[HI110}0 HABaYKIIMBILIOK XapaKTEPUCTUKOIO BOKAII30BaHUX 3BYKIB (a TAK0X OyZ0BH
MOBJIEHHEBOT'O anapary KOHKPETHOI JIIOJUHU) € (DOPMaHTHI YaCTOTH, Kl € PE30HAHCHUMU
4acTOTaMU aKyCTUYHUX TIOPOKHUH MOBJICHHEBOrO amnapary. Pe3oHaHCHI 4YacToTu
MOPOKHUHU TPOCTOI TPYyOKM MOCTIMHOrO Nepepidy pO3TallOBYIOThCS 4Yepe3 piBHI 3a

yactototo intepBasu AF [8] (bopmymna (1.1)):

c
AL’

AF = (2n—1) - (1.1)

JI€ N — LJIE TIO3UTUBHE YHUCJIO,
C — MIBHJIKICTh 3BYKY y MOBITpi (mpubam3Ho 350 m/c),
L — noBxuHa TpyOKH, Y JOPOCIIOI JIFOIUHHU TOBKHHA MOBICHHEBOTO TPAKTY (Bi] TOJIOCOBUX
3B’SI30K J10 Ty0) ckiagae 61au3bko 17 cm.

[Tepepis ronocoBoro TpakTy He € MOCTIMHUM, TOMY PE30HAHCHI YaCTOTH, Ha BIAMIHY
BiJ omnucyBaHoro ¢opmynoro (1.1) BuUmanky, po3NOAUISIOTHCS MO PI3HUM YacCTOTHUM
iHTepBajgaM. Y 4YOJIOBIKIB CEpEIHS BiJICTaHh MK (hOpMaHTaMU, KA 3aJICKUTh BiJl JIOBKUHH
TOJIOCOBOTO TPaKTy, cTaHOBUTH 01u3bK0 1000 I'11 . ¥V XiHOYKX 1 IUTAYMX TOJIOCIB CEPEIHS
BiJICTaHbh MK ()OpMaHTaMH 3a YaCTOTOIO O1JIbIIIA, HIK Y YOJOBIYMX, TOMY IO B HUX MEHIIIA
JOBXKMHA aKyCTUYHOI MOpOKHUHHM. Ha cmexTpi curHamy (opmMaHTH € MakCUMyMaMu B
OKOJIaX JICSIKUX YacTOT.

JIist omucy OCHOBHMX BIIACTUBOCTEH TOJOCHOTO 3BYKY JOCTaTHHO BU3HAYUTHU
gacToTu nepioi Ta apyroi ¢opmant (F1 ta F2).

OTxe, MOBJICHHEBUI CHTHAJ MOXE OyTH ONMUCAHUN BEIMKOIO KIUTBKICTIO YaCOBUX,
CIEKTpPAIbHUX, CHEPreTHYHUX BiacTuBOCTed. [lutanHs BuOOpy Habopy mapameTpiB €

HETPHUBIAJTHLHUM 1 CTAHOBUTH BEJIHMKY CKJIQJIHICTh Ta BAXKIIUBICTh.
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1.3.3. IlommpeHi miaxoau A0 BUPILIEHHS 3a]1ayl Ta OV ICHYIOUUX PILIEHb

Metonu posmi3HaBaHHSA JUKTOPIB MOXKHA PO3AUIMTH HAa TPU OCHOBHI MiJAXOMIU.
[lepmnii Ta HaWCTapilIMi MIAX1A TOJNSATa€ Yy BUKOPUCTAHHI JTOBFOCTPOKOBUX CEPEIHIX
AKyCTUYHHX XapaKTePUCTHUK, TAKUX SK MPEJCTABICHHS CICKTPY abo BHCOTa TOJIOCY.
Hanpukmnan, B po6oTi [9] BHUKOPUCTOBYIOTHCSI 4YacTOTa OCHOBHOI'O TOHY, YacCTKOBI
Koe(DIlliEHTH aBTOKOPEJALIl Ta iX CTaTUCTUYHI XapaKTEPUCTHUKHU, OTPUMaHA TOYHICTH Ha
obMmexxeHomy naraceti — 10 91%.

Ines monsirae B ToMy, 1100 ycepeIHIOBATH 1HIII ()aKTOPHU Ta 3aJUIIATH JIUIIE 3aJIeKH]
BiJl TUKTOpPa KOMITOHEHTH. JIJIs CHEKTpalbHUX XapaKTEPUCTHK JIOBFOCTPOKOBE CEpPEIHE
saBisie  co0or0  (opMy TOJOCOBOTO TpakTy JukTopa. lleW migxin eKBiBaJIeHTHUH
kinacudikaTopy mporieciB ['aycca i yCHIITHO BUKOPHUCTOBYETHCS JIJII TEKCTOHE3ATICKHHUX
3aBaaHb iAeHTudiKamii MoBIls y po6oTi [10]. OnHak, mporec ycepeIHeHHs BiKU1a€ Oarato
iH(opMalrii, MO 3aJIeKUTh BiJ MOBI, 1 MOXXe BUMaratu JnoBrux (moHan 20 ceKkyH)
BUCJIOBJIFOBAHb ISl OTPUMAaHHS CTaOUIBHOT JOBTOCTPOKOBOI CTATUCTUKH MOBJICHHS.

Jpyruil migxia mojsira€ B MOJENIOBAHHI aKyCTUYHUX XapaKTEPUCTUK TUKTOpa B
OokpeMHuX (OHETHUHUX 3ByKax. [lOpiBHSIHHA XapakTepUCTUK (OHETUYHHX 3BYKIB Y
TECTOBOMY BHUCJIOBIIIOBaHHI1 3 €TAJJOHHUMH XapaKTePUCTUKAMU CXOKHUX (POHETUYHUX 3BYKIB
BUMIpIO€ BiAMIHHOCTI MOBIIIB. Lle# miaxig Moxke OyTH TOCATHYTHH BUKOPUCTAHHSIM SIBHOT
a00 HEsIBHO1 CerMeHTallli MOBH Ha (POHETUYHI 3BYKOBI KJIACH Tepe]l HaBUYaHHIM Mojeni. [[o
TaKMX METOJIB HaJIe)KaTh NPHXOBAaHI MAapKIBChKI MOJENTI, METOJ OIOPHHUX BEKTOPIB,
dbakTOpHUI aHAII3, IMOBIPHICHUHN JIHIMHUN JUCKPUMIHAHTHUN aHAI3.

Tak, y po6oti [11] Oyio 3amponoHOBaHO KPYroBi CYIpPacerMEHTHI MPUXOBaHI
MapKiBChKi MOJIEJI TPETHOT'O MOPSAIKY 3 BUKOPUCTAHHAM MEI-KEMCTPATbHUX KOe(]IIieHTIB
(MFCC) y siKkoCTi BEKTOpPY O3HAaK Ta OTPHUMaHO TOYHICTH po3Mi3HaBaHHS Y 99%, ane BoHA
3HIDKYBaiacs 10 86% mpu MoIaHHI Ha BXiJl 3alIyMJICHUX JaHUX.

Mopens raycoBHX CyMilied MmiAnagae i Miaxig HESIBHOI CerMeHTaIli o
po3mi3HaBaHHS MOBIIS. BiH Hajgae IMOBIpHICHY MOJIEIh OCHOBHHX 3BYKIB TOJIOCY JIFOJIMHH,

ajyie Ha BiAMIHY BiJl IPUXOBAaHUX MAapKIBCHKUX MOJIENICH HE HAKIAJA€ KOTHUX OOMEKECHB
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MDK 3BYKOBUMHM KjiacaMu. Bona HaOyna momynsipHocTi y 90-x pokax, Ta, HampuKIal, Y
po6ori [12] nocsria TogHOCTI Y 95% Ha HEBEIMKOMY JTaTaceTi.

Tperiii Ta ocTaHHIA MIAXiA 10 pO3MI3HABaHHSA AUKTOPIB — 1€ BUKOPHCTAHHS
JUCKPUMIHALIMHUX IITYYHUX HelpoHHUX Mepex (IHHM). 3amicts Toro, mob TpeHyBaTu
OKpeMi Mojemi Jjig NpPeICTaBIEHHS OKPEeMHX JHUKTOpiB, AuckpumiHaniixi [1THM
HABYAIOThCSI MOJEIIOBATU (DYHKLIIO MPUNUHATTSA PIlIeHb, KA HAMKpallle po3pi3Hsi€e MOBIIIB 3
BizoMoro Habopy. Pi3Hi Buam Mepex, Taki sik IIHM 3 wacoBoro 3atpumkoro [13], mokansHo-
3’ennani [IIHM [14], sroptkosi IIIHM [14, 15] Ta mepexi AOBroi KOPOTKOCTPOKOBOT
nam’sti [16], 3acrocoByBamucs no 3aBnaHb Bepudikamii uu imeHTHdikamii ocodu. Sk
npaswio, [IHM BumaraioTh MeHIIOi KIJIBKOCTI HapameTpiB, HIK HE3aJEeKHI MOJEl
JUKTOPIB, TA MAlOTh BUCOKY MPOIYKTUBHICTh JUHAMIKIB. OCHOBHUM HEIOIIKOM 0araThox
metosiB LITHM e Te, 110 BCro Mmepexxy NOTpiOHO MepeHaBYaTH, KOJIHU 10 CUCTEMH TOJAEThCS
HOBUU JTUKTOP.

VY O6uIbmIOCTI 3rajlanux poOIT y AKOCTI 03HAaK MoBHM BukopucroByBaiucs MFCC.
Bapro Big3HaunTH, 110 OKPIM HUX 13 3ByKOBOT'O CUTHAJIY MOYKHA OTPUMATH M 1HIII O3HAKH,

SIK1 TaK Y4 1HAKIIE OMUCYIOTh TOJI0C MOBIIS.
1.4. IloctaHoBKa 3amadi

Mertoro poOoTH € ToCiIKeHHS 1HGOPMAIIHHUX METO1IB 0OpOOKH JIFOICHKOT MOBH Ta
po3poOKka cucTeMHu iaeHTU(IKAIlIl JUKTOPIB 3a 3alMcaMu iX MOBJICHHS B ayaiodainax.

VY pamkax po6oTu HE0OX1THO:

chopmyBaTu Tepesik HEOOXITHUX Ta 3HAYYIINX XapaKTEPUCTUK aydi0CUTHAITY

JUTs1 TOAAJIBIIIOT OOPOOKH;

- cdopMyBaTu BXigHUI HaOip JaHUX (IaTacer);

- TPOBECTH MOMEPETHIO 0OPOOKY TaHUX;

- PpO3poOUTH Ta 3aCTOCYBAaTH AJITOPUTMH BUTATHEHHS XapaKTEPUCTHK 13 JTAHUX
7utst POpMYBaHHS BEKTOPIB O3HAK;

- po3poOuTH apXiTeKTypy Kinacudikaropa 3a cChOpMOBAaHUMHU BEKTOPAMH O3HAK Ta

HABYUTH HOTO, OIIHUTH TOYHICTH;

- PO3pOOUTH MPOrpaMHUM 3aCTOCYHOK JIJIsl IEMOHCTpalli po0oTu kiacudikaropa.
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Po3pobiiena cucteMa MOBHHHA JIEMOHCTPYBaTu TOYHICTH Buille 90% Ha TecTo-Bii
BUOIpII MNpU pO3Mi3HABaHHI HaNepea 0OpaHuX KJIaciB.

Jlo mporpamMHOTro 3aCTOCYHKY MOCTABJICHI HACTYIHI (PYHKIIIOHAJIbHI BUMOTH:

1. KopekTtHe po3nizHaBaHHs AUKTOpa y OUTBIIOCTI BUMA/IKIB.

2. 3aCTOCYHOK Ma€ HaJaBaTh MOXJIHMBICTh KOPUCTYBa4Y€Bl BIAKPUTH HEOOX1THUI
daiin 3 MmoBoro MoBI (umie y popmari WAVE).

3. MOXJIUBICTh BIATBOPEHHS BIJKPUTOTO ayJio 1 MOKa3 MOBIIOMJIEHHS MpO
MOMUJIKY, SIKIIIO ayi0 He OYyJIO BIIKPUTO TIepe]] CIIPpoOOI0 BIITBOPUTH.

4. MOXJIMBICTh 3HEIIYMJIEHHS BIAKPUTOTO ayJ]io 1 MOKa3 MOBIAOMIIEHHS MpPO
NOMMIIKY, SIKIIO ayJ1i0 He OyJs10 BIAKpUTO. BigMoBa 3MeHIIIyBaTH 1IyM B ay/ii0, IKe Bxke OyJ0
3HEITyMJICHE.

5. MoOXNHBICTh 3aITyCKY MPOIECY PO3Mi3HABaHHS OCOOU 1 MOKa3 MOBIIOMJICHHS
Ipo MOMUJIKY, SIKIIO ay/i0o He Oyio 3aBaHTaxkeHo. Koiu ocoba ieHTrdikoBana, nporpama
Mae€ TI0Ka3aTy KOPUCTYBaueBl po3Mi3HAaHUHN Kiac (iM’s1 AUKTOpA).

6. Axmo mig yac OyAb-SKOro 3 IMepesiuyeHUuX IPOIeCiB BUHUKIA ITOMMIIKA,
3aCTOCYHOK HE MOK€ 3aKpUTHUCS ab0 3aBepIInTH poOoTy. BiH MOBMHEH MOBIIOMUTH TIPO 1€
KOpPHUCTyBaya Ta MPOJIOBXKUTH 0OpOOKY BBITHUX 3aIUTIB.

7. MOXIUBICTh peflaryBaHHS HaJlAIITYBaHb KOPUCTYyBaya.

J1o HeYHKITIOHATFHUX BUMOT BIJTHOCSATHCS:

1. 3pyuHuii rpadiuauii iHTepdeiic.

2. [Ipomec posmizHaBaHHS HE TMOBWHEH TNepeBUITyBaTh 1 XBWIHMHY. [HIm mii
KOPHUCTYyBaya, K BIAKPUTTS Ta MPOCIYyXOBYBaHHS ay1iodaiiry, MOBUHHI MaTH Yac BiMOBIII

MEHIIE 5 CEKYH]I.
1.5. BucHoBku

Y nmanomy po3aini Oyno pO3MISIHYTO 1 MPOAHAN30BaHO TEXHOJIOTIT TOJIOCOBOI
inenTudikamii ocodu, iIX METOIH, OCOOIMBOCTI Ta OOMEKEHHS, IOTOYHUHN CTaH JOCIIIKCHb
3 Temu. OxapakTepH30BaHO JIOJCHKHUN TOJIOC SK 3 O10JIOTIYHOI TOYKH 30py, TaKk U 3
TEXHIYHOI, ONHCAaHO OCHOBHI XapaKTePUCTHKH TOJIOCY Ta iX B3aEMO3B 30K 13

BJIACTUBOCTAMMU 3BYKOBOI'O CUI'HAJY.
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MeTtoto 0yJi0 TOCTABICHO JOCIIIKEHHS 1H()OPMaLITHIX METOIB 00pOOKH JTHOICHKOT
MOBHM Ta CTBOPEHHS 3aCTOCYHKY JUIsl 1IeHTH]iKalii ocoOu 3a rojocoM. PopManaizoBaHO

(yHKIIOHAIbHI Ta HE(QYHKUIOHAIbHI BUMOTU JO CUCTEMH Ta OKpPECIEHO 0a30Bl €Tamnu

pO3po0KH.
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PO3JILJT 2 TIPOEKTYBAHHS TA PO3POBKA IHOOPMAIIIMHOT

TEXHOJIOI'TI TOJIOCOBOI IJJTEHTU®IKALIII

2.1. ApxiTekTypa cuCTeMHU pO3Mi3HABaHHS

Po3poOmtoBaHa TEXHOJOTIS TOJIOCOBOI 11eHTU]IKALIT SBIsIE COO0I0 «HOPHUH SITUKY,
skl npuiiMae Ha BxiT WAVE-daiin, a Ha Buxoji1 Hajgae kiac (iM’sl JUKTOpa), A0 SKOTO
OyJ10 BiHECEHO BX1/1H1 aHi. CucTeMa CKIIaIa€ThCsl 3 TPhOX OJIOKIB: MOMEPEeaHBOT 00POOKH,

BUTATHEHHS O3HAK Ta Kiacudikariii (puc. 2.1).

Ilomepexns obpodka I Buraraenssa o3Hag
Qopoderni ~
MFCC, cnexTpateHHER

\
A I - i CHTHAI
2IHCKPeTHIAIIE, . -
‘) SPEAHCED ’ HIEHTPOIn, JacToTa
HOPMATI23MiA, SHENYMIEHHT, )
WAV S OCHOEHOTO TOHY, (opMaHTH
EHIATEHET THIN i

- Fl1aF2
WAVE-gaiin

Bextop
0ZH2K 5

/ Knacadirania \

Baratomapoea
Mozens ravcoBEL
LTHM npayero -
cyMimeft
MOIIHPEHHA -

- . . - . —_
HMOBIpHOCTI HATEKHOCTL J0 OuiHEH 20Ty CHTHATY
KOKHOTO 2 KIaciE (IHKTOpIE) 3 MOIETAMH JHKTOPIE

h

Arperatop

. /

h

PosmizHaEH#
JHRTOP

Puc. 2.1. ApxiTekTypa CUCTEMH PO3Ii3HABAHHS

brnox mnomnepennboi 00pOOKM BIAMOBiNAE 3a TPHUBEACHHS BXITHUX JaHUX 0
MPUAATHIIIOTO JJIs1 TOAANBIIOT pOOOTH BUTJISAY. BIIOK BUTSATHEHHS O3HAK ITUIIXOM METO/IIB
00poOKHM CHUTHay po3paxoBye iH(OOPMATHBHI XapaKTEPUCTHUKU TOJOCY TUKTOpa. biok
kimacudikarlii 3a MUMHA XapaKTePUCTHKAMH BUPINIYE, SKOMY TUKTOPY HAJICKUTH BXiTHE
aymio. Bapro Bim3HaumTH, MmO e OJOK CKIAAAEThCS 3 TPHhOX CKJIQJOBHX: JIBOX
Kiacu(ikaTopiB Ta OJHOTO arperaropa pesyibTaTiB kimacudikamii. Take pimeHas Oyino

MPUUHATO ISl TOKPAIIEHHS TOYHOCTI PO3M13HABAHHS.
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JleTanpHile po KOXeH 3 0J0KIB HAEThCs B Miapo3aiiax 2.4—2.6.
2.2. BuOip 3aco0iB Ta IHCTPyMEHTIB PO3pPOOKH

Mogoto mporpamyBanHs o0pano Python. Ile BucokopiBHEBa MOBa, sIKa MiATPUMYE
6e311u 010110TeK 1 (PpeMBOPKIB, B TOMY YHUCHI 1HCTPYMEHTH i OOpoOKM ayAio Ta
MAaIllMHHOTO HaBYaHHs. /{7151 BukopuctanHs 0yyo oOpaHo Taki 610mioTexu sik PyQtS, Numpy,
Keras, Parselmouth, Scipy, Scikit-learn, Pandas ta Librosa.

Jlnst po3poOku anropuTMiB OOpOOKM aynaio, BUTSATHEHHS O3HAK Ta HaBUYaHHS
KiaacudikaTopiB Oyyio 00paHO XMapOBHi iIHTepakTHUBHME penakTop koay Kaggle Kernels na
caitti kaggle.com [17]. Bin Hamae OeskomroBHuii goctymn ao noryxkuux CPU ta GPU,
3aB/SIKK 4OMY TpoIiec 0OpOOKK BEIMKOTo oOcAry (aiiyiiB Ha HaBYAHHS KJIacH(IKaTOpiB
3HAYHO MPUIIBUJIITYETHCS.

Jlist po3poOKH MPOrpaMHOrO BIKOHHOTO 3aCTOCYHKY OyJio OOpaHO iHTEpaKTHUBHE
cepenosuine po3pooku PyCharm Community ta pemaktop BikoHHOTO iHTepdeiicy Qt5

Designer.
2.3. Bxigni gaHi a1t po3po0Ir0BaHOl CHCTEMH Ta iX aHai3

SAxicTh cucTemMu ieHTUdIKAIIT CUITBHO 3aJI€KUTh BiJl HABYAJILHOTO HA0OOPY JaHUX —
natacery. IIpu 3amamomy 00cCs31 CTae CKIAIHINIEC BUIUIUTH CIUIBHI XapaKTEPUCTHUKH 3
CUTHAIIB, 3allMCaHUX Yy pI3HUX YMOBaX, CHCTEMa TIEPCHABYAETHCA Ha OOMEKECHHUX
eK3eMIUIApax. bUIbII JaTaceTH 3 BEIMKUM MIXKKIACOBHM PO3MAITTAM (00’€KTH OJTHOTO
KJIacy JIOCTaTHBO BIAPI3HSIOTECA MDK CO0OK0) JO3BOJIIIOTH OTPUMATH  OlnbIe
1H(QOPMATHBHUX O3HAK, aJie MOTPEOYIOTh 3HAYHUX OOYUCITIOBATILHUX 3aTPaT.

Bubipka manux s po3pobmtoBanoi cuctemu 6asyethes Ha gataceti CSTR VCTK
Corpus — 1l-rirabaiitHomy kopmyci MoBu 110 OUKTOpIiB 3 pI3HUMH aKIEHTaMU
anriiicekoi [18]. Vci 3ammen Oymm nepeauckpenutoBani 10 48 k[ '11. CriovyaTky mei Kopiryc
OyB TpW3HAYCHUW IJIi CHUCTEM CHHTE3Yy MOBJICHHS 3 TEKCTY Ha OCHOBI NPHUXOBAaHUX
MapKiBChKUX MOJIENIeH, OCOOIMBO MJIsi aJaliTUBHOTO 0 MOBJICHHS CHHTE3y MOBJICHHS Ha
ocaHoBi [IMM, sKkuii BUKOPHCTOBYE CEpeIHI TOJOCOBI MOJZIETi, HaBUEHI Ha KIIBKOX

IUHAMIKaX Ta TEXHOJIOIAX ajanTaiii JUHAMIKIB.
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I3 xoprycy mist HaBuaHHs kiacudikatopiB O0yno BuaineHo 43832 aynio daitnm Bijg
108 muxtopiB (puc. 2.2). Takuif 00’e€M y MaIIMHHOMY HaBUaHHI BBAXKAE€THhCS CEPEIHIM 3a

obcsrom. Ha koxHOTO TUKTOpa MpuXxoauThes Bia 172 mo 503 datinis.

JuxTop
43832 cpaiian
N Iz (225. 226, 227..)
[ 1
Crats (M/F)
/ Aaracer Axuert (English, Americanit.a.)
| 225 || 226 || 227 || 228 || 220 || 230/ Tupexropiz s WAVE-batiranm
| 231 || 232 || 233 |[ 234 || 236 || 237 |
| 361 || 362 || 363 || 364 || 374 || 376 |
L J

T
\ 108 amkTOpiB /

Puc. 2.2. Habip nanux 1jisg HaB4aHHS CUCTEMH

VY nmaraceri Takox OyiM HajgaHi Taki MeTadaHi, sIK CTaTh Ta aKIEHT IUKTOpA.
CraTtucTHKa IIOA0 KIJIBKOCTI MOBIIIB, K1 HaJIE)KaTh O IEBHOI CTaTl Ta MalOTh II€BHUHU

aKIICHT MpeJICTaBIeH]I Ha puc. 2.3 Ta puc. 2.4 BiJIMOBIIHO.

AKIIeHT

Yomnopiumit

0 10 20 30 40 50 60 70
KinekicTe MOBHIB

Puc. 2.3. Cratuctuka po3mnoairy oOpaHuX ITUKTOPIB 3a CTATTIO
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Hogosemauncekmii [l
ABcTpamifichkuit
IlipaeHHOA(QPHKAHCBKHI
Kanagcpruit
AMepHKAHCHKHH
VenbchKHH

[HaiHCEKHE

AKUeHnT

IpnanacekHi
TTiBHiTHOipTAHACHKHIT
IlMoTnanaceKHi

AnrnifichKmHit

(=]
w

10 15 20 25 30 35
KilnkicTe MoBIiB

Puc. 2.4. Cratuctuka po3nojaily oOpaHuX JTUKTOPIB 32 aKIEHTOM

2.4. TlonepeaHs 00poOKa TaHUX

[Iporec monepeaabOi 0OPOOKM JaHUX MpencTaBieHo Ha puc. 2.5. [lepmum Kpokom
micnsa 3untyBaHHs ycix WAVE-daiinis 13 Habopy nmanmx Oyna iX mepeIucKpeTH3allis.
Yacrora quckpeTn3arii KOXKHOTO ay/io ¢aiury Oyna npuseaeHa 1o 8000 — 1e J0CcTaTHRO,
11100 oTpuMaTH 1HPOPMATHUBHI 0O3HAKH Ta CKOPOTUTH Yac, HEOOX1THUN Ha MiIpaxyHKH O3HAK.

OTtpumaHuii curHaI HOpMasi3yBaaucs y Mexax [-1;1].

MepeguckpeTaauina
(8000 cemnnis /! ¢)

v

Hopmanizauis
no[-1:1]

v

WCYHEHHA WyMiB

v

Hopmanizauin
no[-1; 1]

v

BigcikasHa T
3 KIHUA Ta NOYaTry

v

Hopmanizauif
nol-1:1]

Puc. 2.5. ETanu nonepeaaroi 00poOKy qaHuX
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JUis  13oms0li  TOJOCY — YCYHEHHS HENOTpiOHMX 3BYKIB 1 IIyMmiB, —
BUKOPUCTOBYBABCS AJITOPUTM 3MEHILEHHS IIYMIB, OCHOBAHMM Ha METOAl CIEKTPaJIbHOIO
cTpoOyBaHHs. BiH npaioe nuisixomM 00UMCIEHHS CIEKTPOrPAMH CUTHAILY Ta OLIIHKUA OPOTY
myMy (a00 BEHTHJIS) JUIsl KOXKHOI CMYTH 4acTOT Iboro curHany/mymy [19]. Lle# mopir
BUKOPUCTOBYETHCS JIJIsl OOYMCIICHHSI MACKH, sIKa OJIOKYE LIyM HM)KYE MOPOTY, IKUH MOXKe
3MIHIOBATHCS.

JlaHi HOpMaJi3yIOThCS 1€ pa3 Ta 3aMyCKA€ThCs MPOIEC BIJACIKAHHS THIl. Y JBa
eTany — 3 MOYaTKy CUTHaJIy Ta 3 MOro KiHUS — MOYEProBO Mepedupanucs AUISHKU, 1€
Opasiacst aMIUTITY/1a Ta TOPIBHIOBAIACK 13 TOporom. SKIio amruiitya Oysa HibK4de 3a mopir,
TO JUISHKA BBa)kKaJlacsd THILEIO 1 BiAcikanacs. SKuio aMIuiiTyna Bxke nepeBulllyBaja mnopir,
TO BBaXKaJOCs, IO Jlarna30H THUIIl 3aKIHYUBCS, Ta JaJi 3 I[OTO KIHIS BXXE HIUYOTO HE

Bupassocs. [lopir po3paxoByBaBcs 3a ¢popmydioro (2.1):

max(S)| — |mean(S
thres — |max(S)| dl ( )I’ 2.1)

ne S — 1€ CUTHAJI Y 4aCOBOMY MPOCTOPi (3aJIeKHICTh aMIUTITYIH Bij 4acy),
d— Harepes 3aJjaHuil KOe(illieHT, SKUH BU3HAYA€E YYTJIHUBICTH MOPOTY (YUM OLIBIIE, TUM
MEHIII YyTJIMBUM CTa€ MOPIT); JJIs JaHOTO Ipolecy o0podku 6pascs d = 20.

[Ticns BimcikaHHS THUII JJaHI HOpMaUTi3yBaJluCs B OCTAaHHIN pa3, Ta Ha IIbOMY eTal

noTepeTHL01 0OPOOKHU 3aBEPITYETHCS.
2.5. [loOynoBa BEKTOpY O3HAK
2.5.1. Bubip akyCTUYHUX XapaKTEPUCTHK

VY naniii po6oTi 13 ayaiodailry BUTATYIOTHCSI YOTUPH BUJIM O3HAK: YaCTOTa OCHOBHOTO
ToHy (abo dynmamentanbHa yactora F0), dopmanTHi wactotn F1 ta F2, cmextpanbHii
[EHTPOI, Ta Men-kenctpaibHi kKoedimieatn (MFCC).

YactoTta ocHOBHOTO TOHY. YacToTa KOJTMBAaHb TOJIOCOBUX 3B’ S30K MPU MPOTOJIOMICHH1

J3BIHKHX 3BYKIB HA3UBAETHCS 4aCTOTOIO ocHOBHOTro ToHY (FO) (puc. 2.6) 1 € omHiew 3
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1HJMBIIyaJTbHUX OCOOJMBOCTEN JIFOAUHU, LI0 3aJEKUTh BiJl JIOBKMHHU TOJOCOBUX 3B'SI30K,

IXHBOI MacH Ta HATATY.

0 06 12 18 24 3 3.6 42 438
Time

Puc. 2.6. YacToTa OCHOBHOTO TOHY Ha CIIEKTPOTrpami CUTHAITY

dopmanTHI yacToTn. POpMaHTa — 1€ KOHIICHTPAIlisI aKyCTHYHOI €HEprii HaBKOJIO
NIEBHOI YaCTOTH MOBJICHHEBOI XBUJI1. ICHY€ Kisibka ¢opmaHT (puc. 2.7), KOXKHA 3 SIKUX Ma€
Pi3HY 4acTOTy, MpUOJIU3HO MO OJHIN y KOXKHiM cmy31 1000 'ty 1y1s cepe iHhOCTaTUCTUYHHUX
q0J10BiKiB, 1100 ['ty — muist xxiHOK. CripaBkHiH Jiara30H 3aJIeKUTh BiJl (PaKTHYHOT TOBKHUHU

rojiocoBoro Tpakty. KoHiii (GopMaHTI BIANOBIJA€ PE30HAHCHUN PEXKHM TOJIOCOBOTO

tpakry [20].

0.045

0.04} F2 \l -
, |
0.035 F1 | /
| |
. 003t | f / |
3
‘2 0.025 ) |
2 I i F4
5 \ W
S 002 " |
o ‘ W‘l [
£ 0015f | "‘ | ' |
|
001 | "‘ .1
| w“ “\‘H |
0.005 | | i |
0 “ ,""v A L“'“‘.‘I‘H “‘I |
0 1000 2000 3000 4000 5000

Yacrora

Puc. 2.7. ®opMaHTHI 4aCTOTU CUTHAITY
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®dopmanTH 3a3BU4ail nmoszHauvarotbest F1, F2, F3 1 T.1. ®opmanThi yactotu F1 ta F2
IIMPOKO BUKOPUCTOBYIOTHCS Y CUCTEMaX pO3Mi3HaBAHHS MOBH 3aBJISIKU X B3a€MO3B’A3KY 13
apTUKYJSLIMHUMHU O3HaKaMHM, SIKI PI3HATHCS JJIA PI3HUX TOJOCHUX 3BYKIB; a TaKOX 1 B
CUCTeMax pO3IMi3HaBaHHA JUKTOPIB, a/p)Ke BOHM 3aJ€XaTh BiA 1HAMBIAYalbHOI (HOpMHU
MOBJIEHHEBOT'O anapary JIIOJAUHH.

CnexrpanpHuii HeHTpoin. CrieKkTpanbHUM LEHTPOI BKA3y€, 1€ 3HAXOAUTHCS «LEHTP
Macu» 3BYKY, 1 OOUHCIIIOETHCS K CEpeAHbO3BAXKEHE 3HAUCHHS YaCTOT, MPUCYTHIX Y 3BYIIl
(puc.). Skimo yacToTH B ayJl0 OJHAKOBI MPOTSITOM YChOTO Hacy, TOAl CHEKTpalbHUMN
HEeHTpoia OyJie HABKOJIO LIEHTPY, a SKIIO B KIHII € BUCOKI YacTOTH, TO LIEHTPOin Oyne

OJIMKYe 10 HOoro KIHIIA.

10 A1
0.8 4
0.6 4
0.4

0.2 4

0o [

T T T T

0 02 04 0.6 08 1
Time

Puc. 2.8. CriekTpanpHUll IEHTPOIN

Men-kenctpanbhi koedimientu. [llkama Mena — e norapudmiuae mepeTBOpEeHHS
gacToTu curHaimy. OCHOBHA ifies TMOJIira€ B TOMY, IO 3BYKHM Ha OJHAKOBIN BiJCTaHi 3a
nIkagor Mena cipuiMaroThCS SIK TakKi, 1110 3HAXOIAThCS Ha OJJTHAKOBIH BiICTaHi BiJl JIFOACH.
[epexin mo mkanu Men € akTyalTbHUAM PIIIEHHSM Y TEXHOJOT1 00pOOKH MOBH, TaK fK 1€
3BOJISIE HAOMM3UTUCA A0 OUTBII MOBHOI IMITAIil CIPUAHATTS 3BYKY JIFOJICBKIM BYXOM Ta
BIJICISITH HEBILUIMBOBI Ha PIIIICHHS JTaHi.

[lepexin 1o Men A03BOJIIE€ MUISXOM TUCKPETHOTO KOCHHYCHOTO TEPETBOPEHHS Ta
norapudMyBaHHS CHEKTPy oOuuciauTH Men-kencrpaibHi koedinientn (MFCC), ski

IIMPOKO BUKOPUCTOBYIOTHCS Yy pO3Mi3HaBaHH1 aynio-curHaiiB (puc. 2.9). MFCC curnany
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— 116 HEBEJIIMKUN Habilp O3HAaK, sIKI KOPOTKO OIHUCYIOTh 3arajbHy (OpMYy CHEKTpaibHOL

00O0JIOHKHU.

MFCC

100
0
-100
—200
—300
—400
-500
—-600
0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8

Time

Puc. 2.9. Men-kencrpanabHi KOe]IlIEHTH

2.5.2 O0uunciaeHHs aKyCTUYHHUX XapaKTePUCTUK

st otpumannss MFCC BxinHMiA cUTHaN MPEACTABISIBCSA Y YACTOTHOMY MPOCTOP1 Y

BUTJISI/II CIIEKTpOTpaMu. BOHU OTpUMY€EThCS TUCKPETHUM TiepeTBOpeHHsIM Dyp’e curHaimy

(bopmyia (2.2) [21]):

T—1 ,
.ol
—i%kt
Xk = E x()e T,
(2.2)
t=0
ne X (k) — xoMmIuIeKce 3HaYeHHsI aMILTITY 1 Ta (a3 BXiJHOTO CHTHAIY;
k — iHJ€EKC YacTOTH;
T — XinbKICTh 3HAUYEHb CUTHANY, SKI OyJauM BHUMIpSHI 3a MEpioJ, a TAaKOX KUIbKICTb

KOMITIOHCHT PO3KJIadaHHS.

Onuaunsg Men moB's3ana 3 repusmu (f) popmyoro (2.3) [21]:
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mel(f) = 1127 In (1 + L),

700 (2.3)

ne f —dacroTa 3ByKa;
mel(f) — 3HaUeHHs BUCOTH y MeJIax.

[le mepeTBOpEHHS 3aCTOCOBYETHCA 1O CIEKTPOIpaMU CHUTHANY Ui OTPHUMAaHHS
mencnekTporpamu. Bxe 3 Hei 1 orpumytorbest MFCC.

ANTOpUTM OTPUMAHHS MEJN-KENCTPaTbHUX KOEPIIIEHTIB CKIaNa€ThCs 3 M'SATH
OCHOBHHX KPOKiB:

1) po36utTsa curHaity Ha (ppelMu 1 3aCTOCYBaHHS BIKOHHOI (DYHKIIIT;

2) oTpUMaHHsI MOJYJIiB KOE(DIIIEHTIB TUCKPETHOTO MepeTBOpeHHs Dyp’e;

3) mepexia A0 MEN-IIPOCTOPY YaCTOT;

4) 3acTocyBaHHS 0aHKY Me-(1IbTPIB;

5) 3acTocyBaHHS JUCKPETHOTO KOCHHYCHOT'O IEPETBOPEHHSI.

Jl1s1 ckopoueHHs po3MipHOcTi 1 3raamkyBanHss MFCC 3acTocoByeThest 0aHK (DUTBTPIB.
Bekrop inmmBimyaneHuX o3HaK C,[j] Oyme ckmamatucs 3 IMX MeJN-KETICTPAIbHUX

KoedirieHTiB. Boun 004unco0Thes 3a popmyioro (2.4) [21]:

=

- 1 r
Cnlj] = log S, [k] cos (j(k + E) E)' 1<j<K-1, (2.4)
0

X
1]

ne C,, — BEKTOp 1HJIMBIIyaTbHUX O3HAK;
J — GaxaHa KiIbKiCTh KOS(IIIEHTIB;
S, — MacuB OOYHCIICHUX CIEKTPAIbHUX IMOTY>KHOCTEH (KBaapaT MOAYJiB Koe(Dili€eHTIB
JTUCKPETHOTO mepeTBopeHHst Dyp’e) 13 3aCTOCYBaHHAM OaHKY (iIbTPIB.

VY saxocti | — kinmbkocTi KoedimieHTiB, Oymo B3sito 20. Jlns oTpumaHHS
OJTHOBUMIPHOTO BEKTOPY 3aMiCTh JBOBUMIPHOT MaTpHIli Koe]ilieHTH OyJI0 ycepeaIHeHo 3a

BICCIO 4YaCTOT.
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Yactora OCHOBHOTO TOHY OTpUMYyBaJlacia 3a AonoMorow ainroputmy PYIN.
ImogipHicanit anroputm YIN (PYIN) € moaudikamiero Bimomoro ainroputmy YIN s
ouinku FO [22]. 3Buuaiinuii YIN € npoctum, aje e(eKTUBHUM aBTOKOPEISIIIITHIM METOIOM
1St nokaapoBoi MoHO(MoH1YHOT oliHkH FO. 11106 ycyHyTH KOpOTKOUACHI TOMMJIKH, BUX1THI
JIaH1 OI[IHIOBAYiB YacTOTH, SK MPaBUJIO, MiJJAIOThCS MOCTOOPOOIl, [0 MPU3BOAUTH 0O
OUTBIII TJIABHOTO XOJTY.

FO npuiimae BUIIsA BEKTOPY YAaCTOT B 3aJIEKHOCTI BiJ MPOMIXKKIB 4acy. 3 LbOTO
BIJIOMPAIOTHCS ISl OMUCY MaKCUMallbHE, MIHIMAJIBHE Ta CEPEeIHE 3HAYEHHS Y TpoMikKy 80
I'm — 450 ' (MiHIManbHA Ta MAaKCUMAJIbHA YaCTOTH, Ha SKUX (PI3UYHO 3/1aTHI KOJTUBATUCS
T'OJIOCOBI 3B’ SI3KU JIFOJIUHM).

®opmanTHi yactotT F1 Ta F2 3Haxomunucs 3a JOMOMOrow 010i0TeKH 0O0pOoOKH
aymio parselmouth, mo e obroprkoro mis moxymis 113 Praat [23, 24]. Horo amropurm
BUKOPHUCTOBYE KOJIYBaHHS 3 JIIHIHHAM TTpeIuKTOpoM. [ToBepTaroThes 1Ba BEKTOPU (pOpMaHT
— F1 ta F2, — sixi MOXyTb BapilOBaTUCS 32 OOCATOM JIJIsl PI3HUX ay/I10.

Jlo BekTopa o3Hak Oynu BimiOpani Taki jmaHi gopmar: cepenns F1, memianna F1,
cepennst F2, menianna F2, yotupu neHTpu KiactepiB 000X GpopMaHT, CKOMIIOHOBAHUX Ha
JIBOBUMIpPHIN KoopAuHATHIN o (Bick adbciuc — F1, ', Bick opaunat — F2, ') (puc.

2.10). Jlns xnactepu3aitiii 0yB oOpanuit metoa K-cepeaHix.
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Puc. 2.10. Ilpuknan 3HaiiieHnx KiaactepiB GopMaHT (IIEHTPH KJIACTEPIB MO3HAYEHI

XPECTUKAMM )
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CrekTpanbHUil HEHTPOIJ pO3paXxOBYBABCS 3a AOMOMOT0I0 010;110TeKH 00pOOKH ay10
librosa [25]. 3 HbOTO TakoX BiIOMpPATKCS MaKCUMaJIbHI, MIHIMAJIbHI Ta CEPEIHI 3HAUCHHSI.

[lepen BUKOpHCTaHHAM JMaHUX OyJIO BITKWHYTO €K3EMIUISAPH, SIKI 3aI0BOJBHSIOTH
HACTYITHUM O3HaKaM:

1. Max FO = Min FO — nrognHa He MO>XKe€ TOBOPHUTH 3aBXKIU HAa OAHUX M THX K€
yacToTax. Taki MOKa3HUKHU TOBOPSATH O HEBAAIINM OLIHII YACTOTH OCHOBHOI'O TOHY 1 HE
MIIXOATh A1 Kacu(ikarii.

2. FO B mexax [80 I'; 450 '] He 3HANIEHO — TOJIOCOBI 3B’ SI3KU JIFOAUHU HE MOXKYTh
KOJIMBATHUCS 32 MEXKaMH I[bOT0 IIPOMIXKKY. SIKIII0 orliHeHa (yH/1aMeHTalbHA YaCcTOTa Ha YCiX
NpOMiKKaxX CHUTHaly HE BXOJIWUTh B HBOTO, TO HE Ma€ CEHCY BHKOPHUCTOBYBATH IIeH
EK3EeMILISIP TaHUX.

3. Ex3zeMIutsipu, B SIKHX HE BIAIOCS BH3HAYHUTU JKOMHOI POpMaHTH, — Taki ay[io
daiinu € iHPoOpMAaTUBHUMHU (pedeHHS OyJid MPOMOBIECHI HEPO30IPIUBO 1 THXO, 3aMICTh
pedeHHs! OKpeMuM (haiiiIoM BUSBUBCS JIUIIIE 3aIHC TYMiB Y THIIII TOIIO).

B pesynbrati 3 43832 daiiniB Ha eTan HaBUaHHS KiacudikaTopiB moTpamnuio 43826,
TOOTO HElH(POPMATUBHUMH BHUSBUIIUCS IIiCTh (ailimiB. Bektop o3Hak ckiamabcs 3 38-Mu

TIWCHUX YHUCEI.
2.6. Inentudikamis ocoou — nmodyaoBa 610Ky Kiracudikaiii

InenTudikaiiss AUKTOPIB 3a BEKTOpaMHU O3HAK ayaiodaililiB 13 MOBHU € 3aJaycio
kiacudikarii. MareMaTndHa MOCTAaHOBKA 3a7a4i (YOPMYITIOETHCS HACTYITHUM YHMHOM.

Jlist X— MHOXHMHHM BEKTOPIB OMHUCIB 00’€KTIB Kimacudikaiii — Ta Y — MHOXWHU
HaliMEHYBaHb KJIaCiB — iCHYE€ JIesiKa 3aJIeKHICTh — 300paskeHHs Y1 X — Y, — 3HaueHHs
SIKOT BiZioMi Jiriire Ha 06’ €KkTax KiHieBoi HaBuanbHOi BUOIpKH X : { (X1, V1 ), voos Oy Vi ) -
Heobximno moOymyBatu anroput™ a: X — Y, skuii 3gaTHUN KiacudikyBaTH JOBUTbHUN

00’ekT x € X.
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2.6.1. Knacudikais 6araTomiapoBUMi HEHPOHHUMH MepeKaMu

Knacudikatopom Oyno obpano OararomapoBy noBHO3B’si3Hy [IIHM mnpsimoro
MoIMpeHHs. i apxiTekTypa mnpexacrabieHa Ha puc. 2.11. O6pannii sux IIIHM 6yB
CTBOpPEHHUH Il Kiaacudikallii, ToMy HOro BUKOPUCTAHHS € JTOLIIbHUM.

Tak ik BEKTOp 03HAK € OJHOBUMIPHHM 1 CKJIaIa€ThCs BChOTO 3 38 03HaK, TO rrOoKa
Mepeska 3 BEJIMKOIO KUIBKICTIO IIapiB Ta MapaMeTpiB MPU3BEE JUIIe 1Js IepeHaByaHHs. B
MpoLeci JTOCHIIKEHHSI Ta €KCIEePUMEHTIB OyJi0 MoOy/I0BaHO Ta MPOTECTOBAHO JIEKLIbKa
IIHM, cepen sikux oOpaHO HalKpally — 3 TOYHICTIO Ha TecToBiil BuOipui Buie 90% Ta
0e3 03HaK 3HAYHOTO TepeHaB4YaHHs. JleTanpHimie pe3yabTaTH TECTYBaHHS PI3HUX MEPEK
BUKJIQJICH] B pO3/1ii 3.

O6pana Mepexka Mae JiBa puxoBaHi mapu 1o 128 ta 256 HelipoHiB BIAMOBIIHO 13
CUTMOIJTHOIO0 (DYHKIII€I0 aKTuBallii. YCbhOro mapaMerpiB Mepexi — 66436, 3 skux
HaBUualOThCsa — 66104, BxinHi gaH1 HOpMali3yBalIKCs Ha miapax 0aTd-HopMaizarllii, a s
3arno0iraHHs nepeHaBYaHHs 0yJI0 BUKOPUCTAHO MIapU MPOPIHKEHHS] — MPUCBOEHHS HYJIIB
BUITaIKOBO OOpaHUM O3HaKaM y Tiporieci HapuaHHs. KoedilieHT mpopiKeHHS — 1€ 0

O3HaK, K1 OOHYIATECA (B naHoMy Bunaaky 0,2 ta 0,3).

L 4
mput: (None, 38)] mput: | (None, 128)
InputLayer [ Dropout L
output: | [(None, 38)] 0.2 output: | (None, 128)
4 L 4
o mput: | (None, 38) mput: | (None, 128)
BatchNormalization Dense
output: | (None, 38) sigmoid | OUtput: | (None, 256)
L 4 ) 4
mput: | (None, 38) mput: | (None, 256)
Dense Dropout -
Sigmoid | Output: | (None, 128) 0.3 output: | (None, 256)
¥ ¥
mput: | (None, 125) mput: | (None, 256)
BatchNormalization Dense )
output: | (None, 128) Sofimax | OUtpUL: | (None, 108)

Puc. 2.11. ApxiTekTypa mTy4HOI HEHPOHHOI MEepexKi
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JaTacet OyB po36uTHii Ha TpeHyBasbHY (70%), Banigamiiiny (15%) ta TectoBy (15%)
BuOipku. Jlnsg naBuanns IIHM y skocti QyHkmii BTpaT Oyna oOpaHa KareropiajibHa
nepexpecHa eHTponis. OnTuMizaTopom BUCTYNHUB MeToa Adam.

[ToOynosana IIIHM naBuanacs npotsirom 100 enox, koxkHa enoxa ckiaaanacs 3 480-
TH KpokiB. Ha koxkHOMY Kpoli noaaBanucs Habopu no 64 exzemruisipu. Ilicns HaBuaHHsS
MOJieJb pa3oM i3 Baramu Oyiio 30epekeHo y dopmari ¢aiiany hS i momanbIioro
BUKOpHUCTaHHA. Pe3yipTaTu TecTyBaHHS MeEpeki Ha HaBYalbHIA Ta TECTOBIM BHOIpKax

JeTajabHIIe BUKIAACHI y po3aim 3.
2.6.2. InenTudikaiiis 3 BAKOPUCTAHHSAM MOJIEJIEH rayCoBHX CyMilIe

Mogenp raycoBUX CyMilleli — TMapaMeTpu4yHa MOJAENb, SKa Ja€ PO3MOALT
HMOBIpHOCTEN BEKTOPIB O3HAK PI3HUX TUKTOPIB. Mosenb rayCoBUX CyMilIel mpeIcTaBsie
neBHUN Hablp AaHMX y BUMIISAL cyMimni abo 3Ba)KEHOT CyMM KUIBKOX 1HAMBIAYaTbHUX

raycoBux posnoainiB [26]. Kirac onmcyetsest 3a hopmyioro (2.5) [27]:
M M
) = ) wn®, ) pi=1
() =) wn®. ) pi 25)
i=0 1=0

ne X — N-BUMIpHHIA BEKTOp O3HaK;
M — KiNbKiCTh HOPMAJIBHUX PO3TIOJILIIB;
W; — Bard KOMIIOHCHTIB MOJIEIII;
p; — OaraToBuMipHI (PYHKIIIT IIIJIBHOCTI PO3IMOIIIIB CKIa0BHUX.
OI1iHKa HAJIEXKHOCTI BX1JIHOTO BEKTOPY O3HAK JIO KJIACy PO3PaXOBYETHCS METOJIOM

MakcuMizarii nmpasaomnoaioHocti (2.6) [27]:

M
p(x €)= ) wp;(x)
; (2.6)
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ne A — 11e MoJienb, 10 SIKO1 PO3paxOBY€EThCS WMOBIPHICTD B1JIIOBITHOCTI.
2.6.2.1. Po3mupeHHsl BEKTOPY O3HAK MOBIIS

Halipo3noBCIouKeHIMMHY  BXIATHUMH JaHUMHU 3 ayaio Juisi 1MoOyAOBH MOJENnei
raycoBux cymimeit € MFCC 3aBasiku noBHOTI onucy curnany. Jlo 20 oznak MFCC takox
OyJI0 BUpIIIEHO O0JaTH iX JelbTa-koedimieHTH (abo MOXiAHY), SAKI XapaKTEePHU3YIOTh

mBuAKicTh eHeprii Ta MFCC. Bonu 3Haxonsthes 3a hopmyiioro (2.7):

_ Yn=11(Ceen = Cemn)
2yN_ n? ’

d, 2.7)

ne d; — nenpTa-KoedIIlieHT 3 MOMEHTY 4acy t,
N — HarypaibHe 4ucIio (3a3BU4ail TOPIBHIOE 2),
Ct4+n — MEI-KETICTPAIbHUI KOSQII[IEHT 3 MOMEHTY Yacy t + n (C;_, — aHaJIOTIYHO).

B pe3ynbTaTi oTpMaHo BEeKTOp 03HaK 3 40-a XapaKTEepHUCTHK.
2.6.2.2. IloOyaoBa Mojeneit raycoBUX CyMille

Bubipky Oyzno nonineHo Ha TpeHyBaibHy (80%) Ta TectoBy (20%) [l KoXHOTO
JTUKTOpa 3 yCiX Horo (haiyliB 3 TpeHYBaJbHOI BUOIPKH OYJIO PO3paxOBaHO Ta 30€PEKEHO
caMmy Mojeib. B pesynbrari orpumano 108 daiinie dopmaty gmm. Krnacudikatop,
3aCHOBaHUHU Ha WX MOJICIISAX, ITOCTIOBHO OIIIHIOE HAJIC)KHICTh BX1JHOTO BEKTOPY O3HAK JI0
KOXHOTO 3 KJaciB 3a ¢opmyrorw (2.6). Kiac, Mmoaens sikoro Hajana MakKCUMAaJIbHY OIIIHKY

BEKTOPY O3HAK, 1 € KJIACOM, JI0 IKOT'O BiTHOCSATHCS BX1/IHI JaHi.

2.6.3. Arperartist pe3yJIbTaTiB Bijl IITYyYHOI HEHPOHHOT MEPEX1 Ta MOJIEJICH TayCOBHUX

cyMilel y eTMHUN PO3Mi3HaHUH Ki1ac

Hetipornna meperka Ta MOl TayCOBHX CyMIIIei MpaIoTh HA PI3HUX BXOJax Ta
BHUSIBJISIFOTH  Pi3HI  3aKOHOMIpHOCTI. MoBa o0coOu € 0araroacreKTHOIO, 1 KOJHHUH

KJIacu(p1KaTOp HE 3JJaTHUN MOBHICTIO OXOMUTHU BCl ii 3aKOHOMIpHOCTI. BUKOpHUCTaHHS 1BOX



34

KJIacu(p1KaTOPIB PO3IIUPIOE OOJACTh BIIACTUBOCTEH MOBH, fIKI 3/1aTHA OXOIUTHU CHCTEMa
pO3IMi3HABAHHS.

JUst ocTaTOYHO1 BIANOBIJI pe3yiabTaTH BiJ 0OMIIBOX KJIacU(IKaTOPIB arperyroThes.
SIku1o0 MakcuMalbHi OI[IHKY OYJIM HaJlaHl OTHOMY M TOMY % CAMOMY JIHUKTOPY, TO A0JAaTKOBI
nii He MOTpPeOYIOThCs, 1Hakmie 3a (opmysow (2.8) OOYMCIIOIOTHCS OINIHKH PIIICHHS
knacugikatopis. Knacudikatop, kUil oTpuMaB OUIbIIY OLIIHKY, BBAXKA€TbCS MPABUM, Ta

HOTro BIAMOBIK 1 € PO3MI3HAHOIO 0CO00I0.

_ piA "Wy wg
= max(p4) — min (p4)  (max(p?) — min(p®)) - p; (28)

bi(H

F, — ouinka pimenHs kinacudikaropa A4;

p4, pP — BexTopy OIIHOK HANEXHOCTI BXiZHOrO BEKTOPY 10 KOXHOTO KIacy Bij
kiacudikatopiB A Ta B BiJIOBIIHO;

Wy, Wg — BaroBi KoeditieHT s kiacudikaTopiB A Ta B BIANOBIIHO, SIKI 3a7€XaTh BiJl
TOYHOCTI KJIacudikaTopa Ta WOro BUXiJHOTO BekTopy omiHok (mis IIIHM w = 0.2, nns
MI'Cw = 0.8);

[ — THACKC KJIaCcy-«IePEeMOXKII» A;

p{* — olliHKa KIacy-«mepeMoKIa» A Bix knacupikatopa A;

pP — ominka knacy-«epeMoxis» A Bix knacudpikatopa B.

2.7. BucHOBKUI

VY nanomy po3niii OyJio CIPOEKTOBAHO apXITEKTYPy CHCTEMH PO3Mi3HaBaHHS ocoOu
3a TOJIOCOM, OOpaHO BJIACTHBOCTI CUTHAIY JJIsi BUKOPHCTAHHS y SKOCTI 1H()OPMATUBHHUX
O3HAK MOBH, CTICTIM(IKOBAHO METOAM Ta OCOOIMBOCTI OOPOOKH CHUTHAY Ta pPO3IMi3HABAHHS
ocobu. byno Bu3HaUYeHO MaTeMaTHyHi Ta iH(pOpMaIliiiHi 3aco00u i IHCTPYMEHTH peai3artii
MPOrPaMHOTO 3aCTOCYHKY. OOpaHo HAOIp BXITHUX TaHUX.

B pe3ynbTaTi eKCEpUMEHTIB 3MOJIEIbOBAHO Ta HABYEHO OaraTollapoBy HEHPOHHY

MEpexXy MNpsIMOTO TMOIIMPEHHS JUIsl 3ajladl po3mi3HaBaHHS ocoOU. TakoX pO3paxoBaHO
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MOJIeJIl TayCOBUX CYMIillled KOXKHOTO 3 KiaciB MoBIls. CrenudikoBaHO METOJ arperarii

BUXO/IIB BiJ] OOMJBOX KJIaCU(PIKATOPIB AJIsi OTPUMAHHS OCTaTOYHOT'O PE3YNbTATY.



36
PO31JT 3 EKCITEPUMEHTAJIBHI JOCJIIJDKEHHA CUCTEMH

INEHTUDIKAIIIT

3.1. TectyBaHHA Ta MOPIBHSAHHS MOJEJIEH OaraTomapoBUX HEUPOHHUX MEPEK

Hatacer OyB po30uUTHII Ha TpPEHYBaJbHY, BaliJallliHy Ta TECTOBY BHOIPKH.
TpenyBanbpHa Ta BanijaniiiHa HanpsaMmy Opanu yyacth y HaB4yaHHi [IIHM, Tomy BoHuU Bxke
«bOaueni» knacudikaropom. Pesynabrat poboTH KiacudikaTopa Ha TECTOBIH BHUOIPII €
OKa3HUKOM TOT0, SIK cucTeMa OyJie MpaIloBaTy 3 paHille He 0aYeHUMU JaHUMH, TOOTO SIK
BOHA TEOPETUYHO MA€ MPALOBATH MPHU MPAKTUUHOMY 3aCTOCYBAHHI.

VY xoxai po3pobku Oyno mporectoBaHo Aekiuibka apxitektyp IIHM, Ta pe3ynbratu
TecTyBaHHS HaBeseH1 B Ta0i. 3.1. KypcuBoMm BuiIEHO apXITEKTypy, sgKka Oyina oOpaHa Jjis

BUKOPUCTaHHS y (PiHANBHIN Bepcii CUCTEMH.

Taomung 3.1
P€3y.]'IBTaTI/I TCCTYBAHHA HGprOHHHX MCPCIK
N TounicTs Ha
. KinbkicTp o .
KinbkicTb . . TpenyBanbHiH | TowHicTh Ha
Ne| mprxopanux CDyHKLm 3ano0iranHs | mapameTpis, a TeCTOBIH
B . aKTUBALll | MepeHaBYAHHIO 110 C o
napis BaJTi A HIH BUOIpIT
HABYAIOTHCS }
BHOIpKax
relu 2 wapu
1 3 s ftmzix MPOPIHKEHHS 71,928 92% 88%
(0.4,0.5)
sigmoid, 2 miapu
2 3 relu, IPOPIHKEHHS 132,408 97% 90%
softmax (0.3,0.4)
sigmoid, 2 wapu
3 2 softmax NpPOPIOIHCEeH S 66,104 95% 91%
(0.2,0.3)
sigmoid, 1} ()z?ligaljmﬂ
4 2 relu, p(oplﬂo 3). 13,752 88% 85%
softmax T
perynsipu3aTop
nrap
relu, IPOPIIKEHHS 0 0
5 1 softmax (0.2): 9,592 88% 86%
perynspuszaTop
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Kpurepisimu st Bigoopy Oynu TouHicTh Bulie 90% Ha TecToBii BUOIpIll HA HE3HAUHI
o3Haku nepeHaBuaHHs. [lepunit ymosi BinnosigaoTs ITHM Ne 2 ta 3. IIIHM Ne4 Ta 5
MOKa3yl0Th, 110 MPHU 3aHAATO Maiil KUIbKOCTI MapameTpiB, 110 HAaBYAIOThCA (BariB), Ta
MPUXOBAHUX 1IAP1B, TOYHICTD 1 HA TPEHYBAJIbHIM, 1 HA TECTOBIN BUOIpKax cuibHO najae. Le
O3HAyYae, M0 MEpeka He Morja OUIbII MOBHO OMUCATU 3B A3KM MK XapaKTepUCTUKaAMHU
CUTHAJTy MOBH JIOCTaTHBO IOBHO.

Mix IIIHM Ne2 Ta 3 BubGip maB Ha Ne3. Xowa IHIHM Ne2 #i nemoHcTpye BULLy
TOYHICTh Ha TPEHYBaJIbHIM BHUOIpI, ii PI3HULA 3 TECTOBOIO € BUIIOIO, IO CBIAYUTH PO
nepenaBuanus. [IIHM Ne2 mae BenuKky KiIbKICTh MapaMeTpiB, Ta 3aBASKU LIbOMY i1 Baru
Oynu CUJIBHO MiAITHAHI MiJ TpeHYBaJbHI AaHl. BUKopucTOBYBaTH MepeHaBUEHI MEPEki Ha
npaktuil He € pouutbHuUM. [IITHM Ne3, oanak, Mae MeHIIy PI3HMIIO MK TOYHICTIO Ha
TPEHYBaJIbHIM Ta TECTOBIM BUOIpKax Ta W HaWKpallll pe3yibTaTH Ha TECTOBIN cepeia BCIX

IHM, Tomy € HalOUIbII TPUAATHOIO 10 BUKOPUCTAHHS.
3.2. TectyBaHHs1 MOZieJiel TayCOBUX CyMIIIIEH

Jlns TecTyBaHHS MOJENIEH TayCcoBHX cyMimied ¢aiiam 3 TecToBOi BUOIpKH Oyiu
OIlIHEHI Ha CXOXKICTh KOXKHO0 3 108 Mojienei TMKTOpiB, Ta MOJIENb, 1110 Hajaaa HalOIbITy
OIIIHKY, BKa3yBaJla Ha KJjac, J0 SIKOTO HaJleXaTh BXIJIHI JIaHi.

B pesynbrati Ha TecToBii BUOIpIl Oyino oTpuMano TouHicTh 93%. Ha TpenyBanbHiid,

B cBOIO uepry, — 95%.

3.3. TlopiBHSIHHS MTYYHHUX HEUPOHHUX MEPEXK IMPSIMOr0 Ta MOJCICH TayCOBHUX

cymimeit. OmiHKa AOUUTFHOCTI KOMOIHYBaHHS KiacudikaTopis

3a pe3ynapTaTaMu TECTyBaHHS 3 MyHKTIB 3.1 Ta 3.2 BU3HAUEHO, 1110 MOJIEIII TayCOBHUX
CyMillIei JEMOHCTPYIOTh TPOXHU BHUIY TOYHICTH Y MOPIBHAHHI 3 HEHPOHHOIO MEPEKEIO.
OnHak, 3aMicTh BHOOPY OJHOTO HaWKpamioro kiacudikaropy Oyia peanizoBaHa crpoda
o0’emHaTH BHUXOMM Bil 000X JUIsl TOKpAIICHHS TOYHOCTI pO3Mi3HaBaHHS. Tak sK
Kiacu(ikaTopy BHUSIBISIOTH BiAMIHHI MATEPHU, IO OMUCYIOTh MOBY JHUKTOpA, IPUHHSITTS
pillieHHsT 3 BpaxyBaHHSIM 000X BIJIMOBiJIEH Mae MOTECHIAN TO0JATA HEMOIIKA 000X

kiacudikatopiB. JlOLUIBHICT BUKOPUCTAHHS TaKoOi arperaumii Mae MiJATBEPIUTUCD
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MIJBALIEHOK TOYHICTIO PO3MI3HABAHHS MOPIBHSIHO 3 MOMNEPEIHIMH E€KCIIEPUMEHTaMU Ta
BUOOPOM MPaBWJIBHOI BIANOBIAI B OUIBIIOCTI BUIAJKIB, KOJU KIACHU(IKATOPH HAa BUXOI
MaroTh Pi3HI pO3Mi3HaH1 KJIacH.

PesynbTaT TecTyBaHHsA mpencTaBiieHi y Taba. 3.2. 3 Bciel TeCTOBOI BHUOIPKH
KJacudikaTopu NaBaju pi3Hi BiAmoBiai y 15,7% BumaakiB. 3 HUX CHIPHUX BHUIIAJKIB
YacTille MPIOPUTET HaJaBaBCs BIAMOBIIAM Mojeied raycoBux cymiment (54,4%). Bapro
BIJI3HAUMTH, 110 KOJU PO3MI3HAHUM KilacoM BBaxanacs BianoBias Bia IHHM, to y 90%
BUIIAJIKaX Take pillleHHs Oys0 BipHUM, ajne y Bunaiaky 3 MI'C taka yacTka BipHUX PillIeHb
nazgae 10 67%. Lle mo>xe OyTH MOB’s13aHO 3 Baramu, NpU3HAYeHUMU Ki1acudikatopam (Tak
ax MI'C nokazanu O11bly 3arajibHy TOYHICTh, TO BOHU Maju OUTbIIY Bary).

3arajoM y CHipHUX BUMaJAKaxX MpaBUJIbHE pillleHHA npuitmanocs y 77,6% 3 Hux, Ta
e TIIBUIIWIO OCTaTOYHY TOYHICTH posmizHaBaHHA 10 94,8% — wna 1,8% Oinbiie, HIXK
makcuMmaibHa TouHicTh MI'C. Lle o3Hauae, 1110 HEOOX1THICTh BpaxXyBaHHS BiJIOB1IeH 000X

KiacuikaTopiB MiATBEPAUIACS, aJIKe 1€ TTOKpaIye poOOTy CUCTEMH PO3ITi3HABAHHS.

Taomung 3.2
Pe3ynbTaT TECTYyBaHHS arperaiii BUXo/1iB kiacudikaropa
. Knacudikarop
Toq;alCTB Yactka TouHicTh obpaHo Yactka Bceworo
Knacudo. TecToBiil pI3HHUX micIs (% BiA BUMAJKIB BIpHUX BIpHUX
. BI/MOBiIeH | arperarii Pi3HHX BHUOOpIB BHUOOpIB
BHOIpII . Lo
B1JIITOB11EH)
[HIHM 91% 45,6% 90%
15,7% 94,8% 77,6%
MI'C 93% 54,4% 67%

3.4. BucHoBKH

VY manomMy posnisi OyJo mpoTecToBaHO OJIOK Kiracudikallli CHCTEMH pO3Mi3HaBaHHS.
Bono Bxitouano B cebe TectyBaHHs Aekibkox apxitektyp IIHM mist Bubopy Haiikpamioi,

TeCTyBaHHS Kinacudikaiii 3a ronomororo MI'C Ta arperaiii BuxoiB 060X kiacudikatopis.
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Cepen i’ situ po3pobisiennx [ITHM 6y1nio o6pano moaens No3, sika Ha TecTOBIM BUOIpIIi
nokasana TouHicTh 91%. Po3niznaBanus 3a nonomororo MI'C, B cBOIO uepry, Majio BHILLY
TouHICcTh — 93%.

Ha erami po3pobku Or0ky kinacudikaiii Oysio 3poOJieHe MNPUITYLIEHHS, 110
koMOinyBanHsa IIIHM #t MI'C Ta 3BakeHe NpPUUHATTA pILIEHb y BUMNAJKaX, KOJU BOHHU
JAI0Th Pi3HI BUXOJW JISI OJHOTO M TOrO * BXIJHOTO BEKTOPY, MA€ MIJBUUIUTH SIKICTh
po3nizHaBaHHsA. [lpunyiieHHs miaATBepAMIOCS: B TaKMX CHUTYallsIX NPaBWIbHI PIIICHHS
npuitmanucs B 77,6% BUNAAKIB, 1110 MiABUIIWIO TOYHICTH pO3Ii3HaBaHHA 10 94,8%.

TakuM YuHOM, AKICTh CUCTEMH PO3II3HABAHHS Bi/NOBI/Ia€ TOCTABICHUM B IEPUIOMY
pO3AUIl BUMOTaM, Ta OTPUMaHI MOJENI Ta alrOpUTMH OYyJIyThb BUKOPUCTAHI B KIHIIEBOMY

3aCTOCYHKY.



40
PO3I1JT 4 PEAJIIBALIS CUCTEMU IJEHTUDIKALIL OCOBU IK

I[TPOI'PAMHOI'O 3ACTOCYHKY

3aaiisg 3pY4HINIOrO TECTYBaHHS TEXHOJIOTIi 1MeHTUdiKalii ocoOu Ta JeMOHCTpalii
pe3ynbTaTiB  OyJ0 po3po0JEHO BIKOHHUM NPOrpaMHHUIl 3aCTOCYHOK 3 rpadiuHuM
iHTepdeiicom kopucTyBada. BiH 103BOJsie KOpUCTyBauy oOpatu (ail, BUKOHATH
3HEHIYMJICHHSI Ta PO3Mi3HABaHHS JUKTOpa. 3a HEOOXITHOCTI 3a nomomoror Xml-daiimy
KoH(irypariiii MoxkHa 3aMminuTi h5-aiin marpenoBanoi momeni IIIHM, msx o ¢aiinis

MojieNiel TayCOBUX CyMIIlIel Ta HANAIITyBaTH 1HII MapaMeTpH.
4.1. ApxiTeKTypa MporpaMHOT0 3aCTOCYHKY

[TpuHIMn ~ 1OOYAOBM  3aCTOCYHKY  JIOTPHUMYETHCS 00’ €KTHO-OPIEHTOBAHOTO
apXiTeKTypHOro miaxoay. DYyHKIIOHAIbHI MOyl MPEACTaBIICHI KJlacamMu, sIKi MaloTh
BJIACHI HAOOPH TOJTIB Ta 03HAK, [0 BU3HAYAIOTH iX POJb Y 3aCTOCYHKY.

SAxio yactuHy (QyHIIOHATY TOTPIOHO 3MIHUTH, 1€ 3 MEHIIIOK WMOBIPHICTIO BIUTMHE
Ha PEIITy MOAYJiB. Y JaHOMY BHMAAKY OUIBIIICTE KOMIIOHEHTIB, SIKI OXOILUIIOIOTH
a0COJIFOTHO Pi3HI UM (HANPUKIIA, BUTAT XapaKTEPUCTHK 3 ayaiodaiiny abo OILiHKY TOro,
HACKUTHKA MMOBIPHO BEKTOP O3HAK BIJIIIOBIAA€ MOJIEIISIM JUKTOPIB), HE TOBUHHI 3HATH PO
crenudikarmii oguH oxHOro. Jlomatky MOXyTh 3HAIOOMTHCS 3MiHH, KOJU TepeadadeHHi
HaOlp XapaKTEPHCTHK CHUTHAJIy BXXE HE aKTyalbHUH a00 MOTPiIOHO 3aMIHUTH MOJEII
kinacudikaTopiB, MO0 pO3Mi3HATH 30BCIM 1HINI KJacu. Y TaKuWX BHMAAKaX 3MiHU
0OMEKYIOThCS OHOBJICHHSM OKPEMHUX KOMITOHEHTIB Ta peAaryBaHHaM (aiiiry KoH}Irypartii.

UML-giarpama kjaciB mporpaMHOTO 3aCTOCYHKY mpencraBieHa Ha puc. 4.1. [o
KJIaciB, SKi BIJMOBIAAIOTH 3a MPEJCTABICHHS TaHUX KOPHUCTyBaueBi Ta OOpOOKYy HOro
koMaHJ HanexaTh MainWindow ta AudioPlayer. Yci iHmi kiacu BiamoBiAalOTh 3a JOTIKY

00poOKHM ayio Ta po3mi3HaBaHHS 0co0u (Kitacu 0i3HEC-JIOTIKH).
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MainWindow SpeakerWave SpeakerRecognizer
FileDiglog 1d Models ..‘_% «<abstract>>
1 BaseRecognitionModel
Speaker Name *--4 RecognizeSpeaker()
. ClassMames
Recognizer Gender
InputShape
SetLog() Age  Frememeeeeen !
) : 1 GetClassProbabilities
bBrowse_Clicked() Region V \/ 0
bPlay_Clicked() Wave AudioFeatures PredictClass()
bRecognize_Clicked() SampleRate
X GetWaveformAndSR()
bDenoise_Clicked() Duration -
NormalizeWave() NNModel MixtureModel
Uses IsDenoised
GetFo() Mode! GMMs
i IsMormalized
==static== )
AudioPlayer WaveRoot GetMFCC()
f CalculateDelta() o T :
PlayAudiof) GetMFCCWithDelta() V v
F1 1 ==static==
- GetSpectralCentroid) | 777777 = Config
- ) MeasureFormants() CLASSES
==static== SpectralCentroid
MoiseReducer GetFormantsData() SR
MFCC
NN_PATH
ReduceMoise() - GetGenerallnfo()
1 NN_INPUT_SHAPE
GetFeaturesinfo() [~ 7TTTTTTTTTTTTTTTTTTTTTTTTO OO 2>
GMM_DIR_PATH
PlotWaveform()
. SetConfig()
CopyToQbject()
GetFeatureVector()
SetWaveFeatures()
[ ReduceMoise()

Puc. 4.1. liarpama kJaciB 3aCTOCYHKY

MainWindow 00po6isie nii kopucTtyBada B iHTepdeici, KOMYHIKaIii 3 KjIacoMm
AudioPlayer 1 kmacamMmu O13HEC-JIOTIKH, SKIIO 1€ HEOOXiaHO. BiH Mae OauH eK3eMILISIp
kiaciB SpeakerWave 1 ogun exzemuisip SpeakerRecognizer.

SpeakerWave mictute WAVE-daiin MOBIeHHS JTIOIWHU Ta oro BiacTUBOCTI. Bin
MO>Ke BKJTFOUATH MeTaaHi MOBIIA (1M s, CTaTh, PET10H, aKIIEHT, BIK), AeTai po daii (Iuisax
no aiiry, yactoTa JUCKpETH3allii, TPUBAJICTh, CaM CHUTHAJ) 1 pO3paxoBaHI TOJOCOBI
XapaKTePUCTUKH, SIKI (OPMYBATUMYTh BX1JHI JaH1 il KiaacudikaTopiB. Bin moB’si3anmii 3
knacamu AudioFeatures 1 ctarmuaum kiacoMm NoiseReducer i BUKOHAHHS BIIIIOBIIHUX
byHKI1I# HAg cO00TO.

SpeakerRecognizer MicTuTh oauH ab00 Kiibka (y JaHOMY BHUNAAKY J1Ba) 00 €KTH
abctpaktHoro kiacy BaseRecognitionModel — cymepxmacy mms NNModel i
MixtureModel. Bukopucranus abcTpakiiii aprymerToBano Tum, 1o i ITHM, 1 MI'C mosxnHa
y3arajlbHATH J10 KiacudikaTopa, SKUH Ja€ BUXiA 3aJaHOl JOBXHHHU, €IUHA BIIMIHHICTb
peamzarnii. Krnacudikatopu He SpeakerRecognizer.

ImoJjsArac B 3HAIOThb Ipo

SpeakerRecognizer Buknukae metonu kiacy AudioFeatures, 1mo6 oOYMCIMTH BXI1IHUHN
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BekTOop SpeakerWave Ta Hajatu ioro kinacugikaropam. [IoTim pe3yabTaT KilacudikaTopiB
3BaXKYIOThCS JJI1 OTPUMAHHS KIHLIEBOT'O PE3YJIbTaTy BU3HAHHS.

Config — 1ie craTuyHMi Ki1ac, BijJ SIKOTO 3ajieXkaTh Maie BCl 1HIII KjIacu Oi3Hec-
noriku. Bin Hazmae noctyn g0 kKoHpiryparii kopuctyBada nuisixom oopooku XML-daitny.
KoHpirypaiii BKJII04at0Th CHMCOK KJIACIB, PO3MIPHICTh BXOAY KJIACHU(PIKATOPIB, LUISXH A0

Mozenel kinacudikatopis, yactotry aAuckpetusauii WAVE 3a 3amMoBUyBaHHSIM.
4.2. Onuc iHTEepdeicy KopucTyBaya

[urepdeiic kopuctyBaua OyB poO3pOOJICHHI BIAMOBIHO /10 BUCYHYTHUX JI0 HBOTO
BuMoOr. [HTEepdeiic MICTUTh HEOOX1HY Ta 3pO3yMUTY Ji KOpUCTyBaua iH(OopMaIlito 1moa0
POOOTH 13 3aCTOCYHKOM, IIIO CITPOIIY€ HOTO BUKOPUCTAHHSI.

['padiunnii inTepdeiic kopucTyBaya CKIAJAETHCS 3 HACTYITHUX BIKOH: T'OJIOBHE BIKHO,
JianoroBe BIKHO BHOOpY (haiimy Ta AiajloroBe BIKHO MOMMIIOK. Cxema mepexojiiB MIXK

BIKHAMU MpeJcTaBlieHa Ha puc. 4.2.

Jiaoroee diamoroee BikHO

BiKHO MOMHIOK pHOOPY daiay

X L ©

7 . Y

TomoBHe BikHO

g

Puc. 4.2. Cxema nepexoiiB Mi>K BIKHAMHU 3aCTOCYHKY

["omoBHE BIKHO 3aCTOCYHKY MpejicTaBieHo Ha puc. 4.3. JloBre noie nmopsa 3 «O6paTu
daiim» mpu3HadeHe s Ha3BU oOpaHoro (Qaiury, a BeNHWKEe MOje MpaBoOpyd — A

1H()OPMATHBHUX TTOBITOMJICHB.
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lonocoea ineHTWdikauii ocobu

‘ 06patu caiin | 2

YCYHEHHA WYMIB

PoznizHaTh

Lesuenko AJ. KHY im. Tapaca LesueHka

Puc. 4.3 'onoBHE BIKHO 3aCTOCYHKY

Knonka «O6patu daiim» BigkpuBae BikHO BUOopy daiiny (puc. 4.4). Kopucrysauy

JAETHCSI MOKJIUBICTh 00patu nuiue Qaitn y popmart WAVE.

Obepits dain
1 B « TestAudio > p228

YnopaakyBati ¥ CTBOpUTY Nanky
EKTH CniBBMKOHAE
3anucu

E [JokymeHT

Im'a
o]
o]
o}
o]
o]
o}
o]

Puc. 4.4. Bixno Bubopy daitry

Knomnka «YCcyHeHHS TIyMiB» 3allyCKae Mporlec 3HemymieHHs aymio. [licis #ioro
3aBepIIEHHS 3’ IBISETHCS MOBIIOMIICHHS Mo ycmiX. [loBTOpHE 3HENTYMIIEHHSI HEMOKITNBE

(puc. 4.5).
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O Fonocosa igeHTudikauia - e

lonocoea ineHTWdikauii ocobu

06patu caiin | 2

}ferRe cognitionGUL/TestAudio/p228/p228_044.wav

BUKOH@HO YCYHEHHA WYMIE

YCyHEHHA WyMiE .
&y ¥ [na paHoro aynio Bxe DyNo BUKOHEHO BHELWYMAEHHA

PoznizHaTh

Lesuenko AJ. KHY im. Tapaca LesueHka

Puc. 4.5 'onoBHe BIKHO MiCis 3HELTYMIICHHS ay/J110 Ta MOBTOPHOI CIipoOu

Knonka «Po3mizHatiy 3amyckae mporec po3ii3HaBaHHS JUKTOPA, IKUH CKIIAa€ThCs
3 BUTSATHEHHsI O3HAK Ta MOJaHHS O3HaK J0 kiacudikaropis. 1o 3aKkiHUEHHIO 3’ SIBISETHCS

MOBIJIOMJICHHS 3 1M’ sIM pO3Mi3HaHO1 0coou (puc. 4.6)

O Tonocoea ineHTUdikaLia — pd

lonocoea igeHTudikauii ocobu

0bpatu caiin | 2

}(erRe cognitionGUI/TestAudio/p228/p228_045.wav

BUKOHEHO YCYHEHHRA WyMiB

YCyHEHHA LLyHIB PoznizHaHa ocoba: 228

FozniznaTn

Wesvenko A M. KHY im. Tapaca LlesuyeHka

Puc. 4.6. 'onoBHE BiKHO TICIIsI pO3Mi3HABAHHS 0COOH

[Tpu cpo6i 3HEMyMUTH aynio abo po3Mi3HATH 0cOo0y, SKIIO0 KOPUCTyBad IIE HE
oOpas (aiin, 3’ IBIASETHCS BIKHO MOMUIKHU (puUC. 4.7). BOHO TaKoX BIAKPUBAETHCS Y BUTIATKY

MOSIBY BUKJTFOYCHHS Ha Oy/Ib-sIKOMY €Tarmi poOOTH 13 3aCTOCYHKOM Ta MICTUTh HOTO TEKCT.
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o ®aiin He obpaHo

Show this message again

YCyHEHHA
cpeny

PoznizHaTh ‘

Lesuenko AJ. KHY im. Tapaca LesueHka

Puc. 4.7. BikHO TOMUJIKY 3a BIJICYTHOCTI BIIKPUTOTO (haidy

4.3. TucTpyKTHBHUW Martepial KOpPUCTyBaua i eKCIUTyartaiii MporpaMHOro

3aCTOCYHKY CHCTEMH T'0JIOCOBOI1 i1eHTHdikalii ocoou
4.3.1. BcTaHOBIIEHHS 3aCTOCYHKY

st Toro, mo06 BctaHoBuTH 13, HE0OXITHO BUKOHATH HACTYITHI KPOKHU:

1. Bcranosutu Ha IIK python (nmocunanus Ha 3aBantaxeHHs: [28]) Ta pip (3pooutu
1Ic MOXKHA 3a IHCTPYKIIi€ro y mocuaanHi [29]), kim0 BoHM He OyJIM BCTaHOBJICHI paHillle.

2. Po3nakyBatu apxiB «SpeakerRecognitionApp.zip» 10 Oyab-sAK01 TEKH.

3. BimkpuTt KOMaH/IHY CTPOKY, IEPEUTH B HIH 10 TEKU 3 PO3MAKOBAaHUM apXiBOM Ta

3armyCTHTH KoMauay (0e3 mamok): «pip install -r requirements.txt»
4.3.2. ExcrutyaTaritisi 3aCTOCyHKY

Jlns  HamamTyBaHHS KOPUCTYBAallbKUil KOH(irypamiii HEoOXigHO OyIb-SKHM
TEKCTOBHM PEIAKTOPOM BilKpuTH daitr «config.xmly, mo 3naxoautbes B Telli, B Ky 0yiio
PO3MaKOBAaHO apXiB i3 3aCTOCYHKOM, Ta BiJipearyBaTu HEOOXiIHI TUISTHKH TEKCTY 3T1IHO 3

puc. 4.8.
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<?xml version="1.0" encoding="UTF-8"?>
- <configurations>
- <recognizers-settings>
- <recognizer name="GMM">
<path>Models/GMMJ /path>

</recognizer> /—— Wnax no daiiny mopeni LLUIHM
- <recognizer name="NN">

<path>{Models/Iaversl285-2565_batch2_dropout2-0203.h5#/path>
- <input-shape>
<dimension index="0">1k/dimension>
<dimension index="1">38[</dimension>
</input-shape>
</recognizer>
</recognizers-settings>
- <speakers-settings>
- <classes>
<path>Data/config_classes_sorted.npy/</path>

</classes> -
</speakers-settings> Wnax ao npy-dainy 3 MAacMBOM Ha3s Knacie

- <audio-settings> . "
nA po3nisHasanHa (iMeH aMKTOpIB)
<sample-rate38000[</sample-rate> AnA p ( P

</audio-settings> ~—
< /configurations> YacToTa gMcKkpeTusauii ayaio

LWnnax ao Tekn 3 MIC aukropis

PoamipHocTi BXinHoro sekropy ao LWWHM
(pekoMeHAYeETLCA 3MIHIOBATH TiNLKK B pasi 3aMinm Moaeni
Ta MeToAiB BUTATHEHHA 03HAK)

Puc. 4.8. HanamryBanust koHdirypariii 3a gormomoroto daiiny config.xml

JInst BIAKPUTTS 3acTOCYHKY Tpeba Biakputu daiin «SpeakerRecognitionApp.exey,
110 3HAXOAMUTHCS B TElll, B sIKYy OyJI0 PO3MAKOBAHO apXiB 13 3aCTOCYHKOM.

JLnist BIZKpuTTS (haitiry HeoOX1JHO HATUCHYTH Ha KHONIKY «O0patu ¢aitim Ta BIAKPUTH
HeoOximuuit WAV -daiin.

JUis IpOCITyXOBYBaHHS BIAKPUTOTO (aiily — HATUCHYTH HAa KHOIIKY «C>».

JUis 3HEUTyMJIEHHS BIAKPUTOTO (aililly — Ha KHOTKY «Y CYHEHHS IIyMiB».

Jlns po3mizHaBaHHS JHUKTOpa 3 3alKHCy MOBH Yy BigKpuTOoMy aiisli HEoOXiTHO

HAaTHCHYTH Ha KHOTIKY «Po3mizHaTmy.
4.4. BucHoBKH

Jaauii po3nin Oylo TPHCBSYEHO MPOCKTYBAHHIO MPOTPAMHOTO 3aCTOCYHKY
po3mi3HaBaHHS ocoOu 3 iHTepdeiicoM KopucTyBada. ApryMeHTOBaHO OOpaHi apXiTeKTypHI
miaxoau Ta onrcano 6a3oBi kommoHeHTH [13. Po3po6ieHo nmporpaMHmii 3aCTOCYHOK, SIKAN
BIJIMTOBIJIa€ TIOCTABJICHUM B MEPIIIOMY PO3/I1JIi BAMOTaM.

JleTanibHO ommcaHo iHTepdeldc KOpUCTyBada Ta OCOOJIMBOCTI pPOOOTH 3 HHM.

BuknaneHo 1HCTPYKIIiIO 0 BCTAHOBIICHHS, HAJTAIITYBaHHS Ta ekcruryarartii [13.
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BHUCHOBKHA

Mertoro gaHOi BUIYCKHOI KBaJli(iKaliiHOi poOOTH OyJI0 MOCTAaBIEHO IOCIIKEHHS
MeToaIB 00poOkM ayaiodailniB, MeToAiB Kiacudikauii HEHPOHHHMMH MeEpexaMu Ta
MOJIEISIMA  TayCOBUX CyMIilIed, TPOBEACHHS EKCIEPUMEHTAIbHUX JOCHIIAIB IO
igeHTudikamii ocodbu 3a i romocom. Jns 1i AOCATHEHHS JOCHIIKEHO CTaH Tays3l
O6ioMeTpuyHOi ayTeHTU]iKaIlii, 0COOIMBOCTI JOJCHKOI0 TO10Cy Ta i1HHOPMAIIITHUX CUCTEM
pO3Mi3HaBaHHS 0Ci0 3a TOJI0COM, PO3IJISHYTO MOLIMPEH] METOIM BUPILIECHHS 3a]1ayi.

[Ticnsa anamizy mepeniyeHuX MyHKTIB OYyJIO CIPOEKTOBAHO Ta PO3pOOJIEHO CUCTEMY
rojocoBoi ineHTudikamii ocodbu. Cucrema 0a3yeTbcs Ha BUTATHEHHI AaKyCTHUYHUX
XapaKTEPHUCTHK 13 3aIMCy MOBH JIFOJWHU Ta MOJAIBIIOMY BiTHECEHHIO OTPHUMAHUX JTaHUX
JI0 OJTHOTO 3 Hamepes 3aJaHuX KiaciB (IUKTopiB). BoHa ckiamanacs 3 TphoX OJI0KIB: OJIOKY
nornepeaHboi 00poOKH, OJOKYy BHUTSATHEHHS O3HaK Ta Oyioky kiacudikarii. HoBuszna
pilieHHsT monsrae y TiOpuaHoMmy OnoKy kiacudikaiii, SKUA CKIAZa€eTbecsi 3 JIBOX
kiacudikaTopi: OaratomapoBoi HEHMPOHHOI MEpPEXi MPSIMOTO TOIIUPEHHS W MojeNeu
rayCoBUX CyMilllel, — Ta arperaTopa ix BUXO/1B, IKUil MpUMae pillleHHs, sika came ocoba
OyJia po3Ili3HaHa, Ha OCHOBI 3BaKEHHMX BUXO/IIB 000X KiacudikaTopis.

Kiacudikatopu Oyno HaBueHO Ha Habopi manux 3 43832 aymio daiini Big 108
TUKTOpiB. bararomapoBa HeWpoHHa Mepeka Ha TECTOBIM BHOIPII MPOJAEMOHCTpYBaia
TouHicTh ¥ 91%, a xnmacudikatop Ha OCHOBI Mojenel raycoBux cymimeirn — 93%. [lani
pe3yabTaTh JOBOAATH, IO aKyCTUYHI O3HAKW, BUTATHEHI 3 ayjaio, JIOCTaTHbO ITOBHO
ONMHCYIOTh (POPMY IIOJICBKOTO TOJNOCY, a KiIacu(iKaTOpu OKPEMO CIPABISIOTHCS 13
MTOCTABJICHOIO 331a9€10, TIPU YOMY MOJIEIIi TayCOBUX CYyMIIIeH € O1IbIII TOYHUMH.

Arperariist pe3yJbTaTiB 000X BUXO/iB, siKa Oyia HalllJieHa Ha MiABUIIEHHS TOYHOCTI,
TaKO CIPABUJIACS 31 CBOEIO 337a4€H0: YacTKa KOPEKTHO PO3Mi3HaHuX ocib carnyna 94,8%.
Ile o3nauae, mo KOMOIHyBaHHS Kiacu(iKaToOpiB, SAKi 3AaTHI 3HAXOAWTH Pi3HI MATEPHU Y
BXIJTHUX JIAaHKX, JIO3BOJISIE O1JIBIIT TTOBHO OMMCATH YHIKAJIBbHI XapaKTEPUCTUKHU IOJIOCY 0COOH.

Jlo cuctemu po3mizHaBaHHS OyJI0 CTBOPEHO MPOTPaMHUI 3aCTOCYHOK 13 iHTEpdeiicom

KOpPUCTyBaua, OMNHCAaHO WOro CTPYKTYpYy, BHKJIQJCHO IHCTPYKIIO 3 EKCIUTyaTarlii.
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3aCTOCYHOK J103BOJISIE SIK 1 POTECTYBAaTU po3pobiieHy apxitekTypy [IIHM abo nmodynoBaHi
MOJIeN1 TayCOBUX CyMilIel NUKTOPIB Ha KJlacaxX 13 BUKOPUCTAHOTO B AaHI poOOTI Habopy
JaHUX, TaK 1 IepCOHANI3yBaTH HalalITyBaHHs: 3aMiHUTH Mojens IIHTHM, Mozneni raycoBux
CyMillIe, KJIacH Uil pO3Mi3HAaBAHHS TOIIO. 3aCTOCYHOK € IPUJIATHUM SIK 1 JUIsl TPAKTUYHOTO
3aCTOCYBaHHS JJI pO3II3HaBaHHS 0Cl0, Ha JaHUX KOTpUX Oyjia HABYEHA CUCTEMA B paMKax
miei poOOTH, Tak 1 JUIs JIEMOHCTpallli pe3yJbTaTiB AOCHIIKEHb B 00JACTI TOJIOCOBOI
imenTudikarii.

[ToB’s13aH1 3 1aHOIO BUITYCKHOIO KBaJTi(piKaiiitHOO poOOTOI0 Te3u Oyinu onmyOsIiKoBaHi
nig Ha3zBowo «JH(opMaliiiHa TEXHOJIOTis ToJIOCOBOI 1AeHTH(IKAIIl 32 O010METPUUYHUMU
MOKa3HUKaMHU JTIOAWHW» B 30ipHUKY «CydYacHi acmeKkTh Ta NEePCIEeKTHBHI HaMpPSIMKH
po3BUTKY Hayku: matepianu III MixHapoaHOI CTYJEHTChKOiI HAayKOBOi KOH(EpEeHIIi»,
Buganomy ['O «MomnoaikHa HaykoBa Jiira» 6 tpasus 2022 [30].

["onocoBa GioMeTpis € aKTyalIbHOIO TEMOIO B 0aratboX rajry3sx, Ta OTpUMaHi B 1aHii
poOOTI pe3yabTaTH MOXKYTh TOCIYXUTH MAMULIAM JJs MahOyTHIX JOCTIIKEHb Ta
po3po0OK, HAIUIEHMX Ha OUIBIIY TOYHICTh pO3IMI3HABAHHA Ta TOBHINIUNA OIHUC

1HIMBIIyaJTbHUX TOJIOCOBUX XapaKTEPUCTUK ocobu y nudpoBomy popmari.
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Honarok A JIicTUHT KOZy mporpamu

Honarok A.1 Jlictunr koxy ¢aiury main.py

import sys

import ctypes

from PyQt5 import QtWidgets, QtGui

from GUI.MainWindow import Ui_MainWindow

from FileModel import FileModel

from Speaker import *

from AudioPlayer import *

from SpeakerRecognizer import SpeakerRecognizer
from Config import Config

# 1151 OOpOOKH MOMHMJIOK
def ShowErrorMsg(e):
if hasattr(e, 'message’):
mes = e.message
else:
mes = str(e)
errorDialog = QtWidgets.QErrorMessage()
errorDialog.setWindowTitle("Tlomrika")
errorDialog.showMessage(mes)
errorDialog.exec_()
return

class MainWindow(QtWidgets.QMainWindow):
def __init__ (self):
super(MainWindow, self).__init_ ()
self.ui = Ui_MainWindow()
self.ui.setupUi(self)

self.FileModel = FileModel() # s nepeBipku KOPEKTHOCTI IPU BIKPHUTTI daitmy

self.FileDialog = QtWidgets.QFileDialog()
self.Speaker = SpeakerWave()
self.Recognizer = SpeakerRecognizer()

# momii
self.ui.bBrowse.clicked.connect(self.bBrowse_Clicked)
self.ui.bPlay.clicked.connect(self.bPlay_Clicked)
self.ui.bDenoise.clicked.connect(self.oDenoise_Clicked)
self.ui.bRecognize.clicked.connect(self.oRecognize_Clicked)

def SetLog(self, msg):
if isinstance(msg, str):
self.ui.teLog.moveCursor(QtGui.QTextCursor.End)
self.ui.teLog.insertPlainText(msg + "\n")
return
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def bBrowse_Clicked(self):
print(""browse")
try:
self.fileName, _ = self.FileDialog.getOpenFileName(
self,
"O6epiTh daitn"”,
"Wave Audio Files (*.wav)")
self.FileDialog.close()
if self.fileName:
self.FileModel.setFileName(self.fileName)
self.ui.leFileName.setText(self.fileName)
self.ui.teLog.clear()

self.Speaker = SetWaveFromFile(self.Speaker, self.fileName, reduceNoise=False)
print("\nAudio data: \n")
print(self.Speaker.GetGeneralInfo())
return
except Exception as e:
ShowErrorMsg(e)
return

def bPlay_Clicked(self):
print("play")
try:
if self.Speaker is not None and len(self.Speaker.Wave) > 0:
AudioPlayer.PlayAudio(self.Speaker.Wave, self.Speaker.SampleRate)
else:
ShowErrorMsg(" ®aiin ve obpano")
except Exception as e:
ShowErrorMsg(e)
return

def bDenoise_Clicked(self):
print("denoise™)
if self.Speaker is None or len(self.Speaker.Wave) <= 0:
ShowErrorMsg(" ®aiin ve 06pano")
return
try:
if not self.Speaker.IsDenoised:
self.Speaker = ReduceNoise(self.Speaker)
self.SetLog("Bukonano ycyHeHHs 1rymis")
else:
self.SetLog("Inst maHoro aysio Bxke OyJI0 BAKOHAHO 3HEITyMIICHHS ")
except Exception as e:
ShowErrorMsg(e)
return

def bRecognize_Clicked(self):

if self.Speaker is None or len(self.Speaker.Wave) <= 0:
ShowErrorMsg(" ®aiin e obpano")
return

try:
print("recognise™)
predictedClass = str(self.Recognizer.RecognizeSpeaker(self.Speaker))
print("Predicted speaker: ", predictedClass)
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self.SetLog("Po3mizHana ocoba: " + predictedClass)
except Exception as e:

ShowErrorMsg(e)
return

myappid = u'mycompany.myproduct.subproduct.version'
ctypes.windll.shell32.SetCurrentProcessExplicitAppUserModel ID(myappid)
app = QtWidgets.QApplication(sys.argv)
flag = True
try:
Config.SetConfig()
except Exception as e:
ShowErrorMsg("BruHunkiia TOMIJIKA TT1/T Yac 3U4MTyBaHHs (aiiny xoudiryparii: {e}".format(e=str(e)))
flag = False

if flag:
start_win = MainWindow()
start_win.show()
sys.exit(app.exec_())

Honatok A.2 Jlictunr xoxay dainy AudioFeatures.py

import numpy as np

import librosa

import statistics

import parselmouth

from parselmouth.praat import call
from sklearn.cluster import KMeans
from Config import Config

import python_speech_features as mfcc
from sklearn import preprocessing

def GetWaveformAndSR(file_path, sr=Config.SR):
samples, sample_rate = librosa.load(file_path, sr=sr)
return samples, sample_rate

def NormalizeWave(wave):
return wave*1.0/max(abs(wave))

def GetFO(wave, sr = Config.SR):

fOo, voiced flag, wvoiced probs = librosa.pyin(wave, sr=sr, fmin=librosa.note to hz('C2",
fmax=librosa.note_to_hz('D5"), frame_length=256)

times = librosa.times_like(f0)

fO_filtered = np.copy(f0)

fO_filtered[fO_filtered<=80] = None

fO_filtered[fO_filtered>=450] = None

fO_clean = f0_filtered[~np.isnan(f0_filtered)]

return round(np.max(f0_clean),2), round(np.min(f0_clean),2), round(np.mean(f0_clean),2)

def GetMFCC(wave, sr=8000):
mfccs = librosa.feature.mfcc(y=wave, sr=sr)
mfccsProcessed = np.mean(mfccs. T, axis=0)
return mfccsProcessed



56

def CalculateDelta(array):
rows, cols = array.shape
deltas = np.zeros((rows, 20))
N=2
for i in range(rows):
index =[]
j=1
while j <= N:
ifi-j<oO:
first=0
else:
first=1-]
ifi+j>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 GetMFCCWithDelta(audio, rate):
mfcc_feat = mfcc.mfcc(audio, rate, 0.025, 0.01, 20, appendEnergy=True)
mfcc_feat = preprocessing.scale(mfcc_feat)
delta = CalculateDelta(mfcc_feat)
combined = np.hstack((mfcc_feat, delta))
return combined

def GetSpectralCentroid(wave, sr=Config.SR):
specCent = librosa.feature.spectral_centroid(y=wave, sr=sr)[0]
return np.max(specCent), np.min(specCent), np.mean(specCent)

def MeasureFormants(sound, wave_file, fOmin, fOmax):
sound = parselmouth.Sound(sound)
pitch = sound.to_pitch()
pointProcess = call(sound, "To PointProcess (periodic, cc)", fOmin, fOmax)
formants = call(sound, "To Formant (burg)", 0.0, 6, 5500, 0.025, 50)
numPoints = call(pointProcess, "Get number of points™)

f1_list =[]
f2_list = []

for point in range(0, numPoints):
point +=1
t = call(pointProcess, "Get time from index", point)
f1 = call(formants, "Get value at time", 1, t, 'Hertz', 'Linear")
f2 = call(formants, "Get value at time", 2, t, 'Hertz', 'Linear")
f1 list.append(fl)
f2_list.append(f2)

f1 list = [f1 for f1 in f1_list if str(f1) != 'nan’]
f2_list = [f2 for 2 in f2_list if str(f2) 1= 'nan’]
if (Ien(fl_list) == 0 or len(f2_list) == 0):
raise Exception('"Formants could not be calculated’)
f1_mean = statistics.mean(fl_list)
f2_mean = statistics.mean(f2_list)



f1_median = statistics.median(f1_list)
f2_median = statistics.median(f2_list)
return f1_mean, f2_mean, f1_median, f2_median, f1_list, f2_list

def GetFormantsData(wavepath):
sound = parselmouth.Sound(wavepath)
(f1_mean, f2_mean, f1_median, f2_median, f1_list, f2_list) = MeasureFormants(
sound, wavepath, 60, 550)
X = np.column_stack((f1_list, f2_list))
kmeans = KMeans(n_clusters=4, random_state=0).fit(X)
centroids = kmeans.cluster_centers
labels = kmeans.labels_
return f1_mean, f1_median, f2_mean, f2_median, centroids

def DetectLeadingSilence(samples, chunk_size=1, thres_delim = 5, maxlen = 4*Config.SR):

slen = len(samples)

if slen<=maxlen:
return O

thres = np.abs(max(samples) - np.mean(samples)) / thres_delim

trim_frames =0

while np.abs(samples[trim_frames:trim_frames + chunk_size]) < thres and trim_frames<slen-maxlen:
trim_frames += chunk_size

return trim_frames

Honarok A.3 Jlictunr xony ¢aiiny SpeakerRecognizer.py

import numpy as np

from NNModel import NNModel

from MixtureModel import MixtureModel

from Speaker import SpeakerWave, Set\WaveFeatures
from AudioFeatures import GetMFCCWithDelta
from scipy.io.wavfile import read

from Config import Config

class SpeakerRecognizer:
def __init__ (self):
self.Models = {
"NN":
{ "Model": NNModel(), "Weight": 0.2 },
"GMM":
{ "Model": MixtureModel(), "Weight": 0.8 }
}

def RecognizeSpeaker(self, s, extend=False):
if not isinstance(s, SpeakerWave):
raise TypeError("Ha Bxin HeoOximHO mogatu o6'ekt kimacy SpeakerWave')
s = SetWaveFeatures(s)
NNInput = s.GetFeatureVector()
GMMSR, GMMAudio = read(s.WaveRoot)
GMMInput = GetMFCCWithDelta(GMMAudio, GMMSR)
NNProbs = self.Models["NN"]["Model"].GetClassProbabilities(NNInput)
NNWinner = np.argmax(NNProbs)
GMMProbs = self.Models["GMM"]["Model"].GetClassProbabilities(GMM Input)
GMMWinner = np.argmax(GMMProbs)
winner = -1
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if (NNWinner != GMMWinner):

NNScore = NNProbs[NNWinner]*self.Models["NN"]["Weight"] /" (NNProbs.max()-
NNProbs.min()) - (self.Models["GMM"]["Weight"] / GMMProbs[NNWinner]) / (GMMProbs.max()-
GMMProbs.min())

GMMScore = GMMProbs[GMMWinner]*self.Models["GMM"]["Weight"] / (GMMProbs.max()-
GMMProbs.min()) - (self.Models["NN"]["Weight"] / NNProbsflGMMWinner]) / (NNProbs.max()-NNProbs.min())

winner = NNWinner if NNScore > GMMScore else GMMWinner

else:

winner = NNWinner

if extend:

return Config. CLASSES[winner], Config. CLASSES[NNWinner], Config. CLASSES[GMMWinner]

else:

return Config. CLASSES[winner]

JHonarok A.4 Jlictunr koay ¢aiiry NNModel.py

import 0s

os.environ[ TF_CPP_MIN_LOG_LEVEL'="3'

import tensorflow as tf

from tensorflow.keras import backend

from tensorflow.keras.models import load_model

from keras.utils.vis_utils import plot_model

import numpy as np

from Config import Config

from BaseRecognitionModel import BaseRecognitionModel

class NNModel(BaseRecognitionModel):
def __init__ (self):
super(NNModel, self).__init_ ()
self.Model = load model(Config.NN PATH) # 3apantaxxutu aiin mozaei
self.InputShape = Config.NN_INPUT_SHAPE
plot_model(self.Model, to_file="model_plot.png’, show_shapes=True, show_layer _names=False)

def PredictClass(self, inputVector):
pred = self.GetClassProbabilities(inputVector)
pred = np.argmax(pred)
winner = self.ClassNames[pred]
return winner

def GetClassProbabilities(self, inputVVector):
X = np.stack(inputVector).astype(‘float32")
inputVector = np.reshape(X, self.InputShape)
pred = self.Model.predict(inputVector)
return np.transpose(pred).flatten()

Honarox A.5 Jlictunr xony daiimy MixtureModel.py

import _pickle as cPickle

import o0s

import numpy as np

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

from Config import Config

from BaseRecognitionModel import BaseRecognitionModel
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class MixtureModel(BaseRecognitionModel):

def __init__(self):
super(MixtureModel, self).__init__ ()
self.GMMs =]
gmm_paths = [0s.path.join(Config. GMM_DIR_PATH,fname) for fname in

os.listdir(Config. GMM_DIR_PATH) if fname.endswith('.gmm’)]
gmm_paths = np.sort(gmm_paths)
self. GMMs = [cPickle.load(open(fname,'rb")) for fname in gmm_paths]

def PredictClass(self, inputVector):
log_likelihood = self.GetClassProbabilities(inputVector)
winner = np.argmax(log_likelihood)
return Config. CLASSES[winner]

def GetClassProbabilities(self, inputVVector):

log_likelihood = np.zeros(len(self. GMMs))
for i in range(len(self. GMMs)):

gmm = self. GMMs][i]

scores = np.array(gmm.score(inputVector))

log_likelihood[i] = scores.sum()
log_likelihood = minmax_scale(log_likelihood)
return log_likelihood / log_likelihood.sum()

Jonarok A.6 Jlictunr koxay ¢aitny Speaker.py

import NoiseReducer

import numpy as np

import matplotlib.pyplot as plt

from  AudioFeatures import  GetWaveformAndSR,  NormalizeWave,  GetFO, GetMFCC,
GetSpectralCentroid, GetFormantsData, DetectLeadingSilence

class SpeakerWave:
def _ init_ (self, 1d=-1, Gender="", Name="", Age=0, Accent="Unknown", Region="Unknown",
HasStationaryNoise=False, IsDenoised=False, WaveRoot="",
SampleRate=8000, Duration=0, Wave=[]):
self.IsNormalized = False
self.IsTrimmed = False
self.FormantClusters = [] # gotupu knactepu GpopMaHT
self.MeanF1 =0
self.MedianF1 =0
self.MeanF2 = 0
self.MedianF2 =0
self.MaxF0 =0
self.MinFO =0
self.MeanF0 = 0
self.SpectralCentroid =[]
self.Spectrogram =[]
self.Melpectrogram =[]
selft MFCC =[] # 20 npu3HakoB

self.Conn =[]

self.SampleRate = SampleRate
self.Duration = Duration
self.Wave = Wave

self.ld = Id
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self.Gender = Gender

self.Name = Name

self.Age = Age

self.Accent = Accent

self.Region = Region

self.HasStationaryNoise = HasStationaryNoise
self.IsDenoised = IsDenoised

self.WaveRoot = WaveRoot

def GetGenerallnfo(self):
return ("Id = {ld}, Name = {Name}, Gender = {Gender}, Age = {Age}, Accent = {Accent}, \n" +
"HasStationaryNoise = {HasStationaryNoise}, IsDenoised = {IsDenoised}, \n" +
"WaveRoot = {WaveRoot} Duration = {Duration}\n").format(ld=self.Id, Name=self.Name,
Gender=self.Gender,

Age=self.Age, Accent=self.Accent,
HasStationaryNoise=self.HasStationaryNoise,
IsDenoised=self.IsDenoised,
WaveRoot=self.WaveRoot, Duration=self.Duration)

def GetFeaturesinfo(self):
return ("Id = {Id}, Name = {Name}, Duration = {Duration} \n" +
"FormantClusters = {FormantClusters}, FO = {FO}, \n" +
"F1 mean = {MeanF1}, F1 median = {MedianF1}, F2 mean = {MeanF2}, F2 median =
{MedianF2}, \n" +

"SpectralCentroid = {SpectralCentroid}, IsDenoised = {IsDenoised}, \n" +

"MFCC = {MFCC}\n").format(ld=self.1d, Name=self.Name, Duration=self.Duration,
FormantClusters=self.FormantClusters,
FO=[self.MaxFO0, self.MinFO0, self.MeanF0],
MeanF1=self.MeanF1, MedianF1=self.MedianF1, MeanF2=self.MeanF2,
MedianF2=self.MedianF2,
SpectralCentroid=self.SpectralCentroid,
IsDenoised=self.IsDenoised, MFCC=self. MFCC)

def PlotWaveform(self):
time = np.arange(0, len(self.Wave)) * (1.0 / self.SampleRate)
fig, ax = plt.subplots(1)
ax.plot(time, self.Wave)

def CopyToObiject(self, speaker2):
speaker2.I1sNormalized = self.IsNormalized
speaker2.IsTrimmed = self.IsTrimmed
speaker2.FormantClusters = self.FormantClusters
speaker2.MeanF1 = self.MeanF1
speaker2.MedianF1 = self.MedianF1
speaker2.MeanF2 = self.MeanF2
speaker2.MedianF2 = self.MedianF2
speaker2.MaxFO0 = self.MaxFO0
speaker2.MinF0 = self.MinF0
speaker2.MeanF0 = self.MeanF0
speaker2.SpectralCentroid = self.SpectralCentroid
speaker2.Spectrogram = self.Spectrogram
speaker2.Melpectrogram = self.Melpectrogram
speaker2.MFCC = self. MFCC

speaker2.Conn = self.Conn
speaker2.SampleRate = self.SampleRate
speaker2.Duration = self.Duration
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speaker2.Wave = self.Wave

speaker2.1d = self.ld

speaker2.Gender = self.Gender

speaker2.Name = self.Name

speaker2.Age = self.Age

speaker2.Accent = self.Accent

speaker2.Region = self.Region
speaker2.HasStationaryNoise = self.HasStationaryNoise
speaker2.1sDenoised = self.IsDenoised
speaker2.WaveRoot = self.WaveRoot

return speaker2

def GetFeatureVector(self):
result = np.array([])
result = np.append(result, self.FormantClusters.flatten())
result = np.append(result, [self.MeanF1, self.MedianF1, self.MeanF2, self.MedianF2])
result = np.append(result, [self.MaxFO0, self.MinFO0, self.MeanF0])
result = np.append(result, self.SpectralCentroid)
result = np.append(result, self. MFCC)
return result

def SetWaveFromFile(s, filePath, normalize = True, reduceNoise = False):
if not isinstance(s, SpeakerWave):
raise TypeError("Ha Bxix HeoOXinHO moaaTu 00'ekT kiacy SpeakerWave')
s.WaveRoot = filePath
s.Wave, s.SampleRate = GetWaveformAndSR(filePath)
s.Duration = len(s.Wave) / float(s.SampleRate)
if normalize:
s.Wave = NormalizeWave(s.Wave)
s.IsNormalized = normalize
if reduceNoise:
s = ReduceNoise(s)
s.IsDenoised = reduceNoise
return s

def ReduceNoise(s, stationary=False):
if not isinstance(s, SpeakerWave):
raise TypeError("Ha Bxix HeoOxinHo moaatu o6'ekt kimacy SpeakerWave')
s.Wave = NoiseReducer.reduce_noise(y=s.Wave, sr=s.SampleRate, stationary=stationary, n_fft=1024)
s.Wave = NormalizeWave(s.Wave)
s.IsNormalized = True
s.IsDenoised = True
return s

def DeleteSilence(s):
frames = len(s.Wave)
maxframes = int(3 * s.SampleRate)
trim = DetectLeadingSilence(s.Wave[::-1], maxlen=maxframes)
new_samples = s.Wave[0:frames - trim]
frames = len(new_samples)
trim = DetectLeadingSilence(new_samples[::], maxlen=maxframes)
s.Wave = new_samples[trim:frames]
s.Duration = len(s.Wave) / float(s.SampleRate)
s.Wave = NormalizeWave(s.Wave)
return s



def SetWaveFeatures(s, deleteSilence=True):
if s == None:
return
if deleteSilence:
s=DeleteSilence(s)

s.MaxFO0, s.MinF0, s.MeanF0 = GetF0(s.Wave, s.SampleRate)

print("FO has been calculated™)

s.MeanF1, s.MedianF1, s.MeanF2, s.MedianF2, s.FormantClusters = GetFormantsData(s.WaveRoot)
print("Clusters Data has been calculated™)

s.SpectralCentroid = np.round(np.array(GetSpectral Centroid(wave=s.Wave, sr=s.SampleRate)), 2)
print(""Spectral centroid has been calculated")

S.MFCC = GetMFCC(s.Wave, s.SampleRate)

print("MFCCs have been calculated™)

return s
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1 Documentation Roadmap

The Documentation Roadmap should be the first place a new reader of the SAD begins. But for new and returning
readers, it is intended to describe how the SAD is organized so that a reader with specific interests who does not
wish to read the SAD cover-to-cover can find desired information quickly and directly.

Sub-sections of Section 1 include the following.

e Section “1.1 Document Management and Configuration Control Information” explains revision
history. This tells you if you’re looking at the correct version of the SAD.

e Section “1.2 Purpose and Scope of the SAD” explains the purpose and scope of the SAD, and indicates
what information is and is not included. This tells you if the information you’re seeking is likely to be in
this document.

e Section “1.3 How the SAD Is Organized” explains the information that is found in each section of the
SAD. This tells you what section(s) in this SAD are most likely to contain the information you seek.

e Section “1.4 Stakeholder Representation” explains the stakeholders for which the SAD has been
particularly aimed. This tells you how you might use the SAD to do your job.

e Section “1.5 Viewpoint Definitions” explains the viewpoints (as defined by IEEE Standard 1471-2000)
used in this SAD. For each viewpoint defined in Section 0, there is a corresponding view defined in
Section “3 Views”. This tells you how the architectural information has been partitioned, and what views
are most likely to contain the information you seek.

e Section “1.6 How a View is Documented” explains the standard organization used to document
architectural views in this SAD. This tells you what section within a view you should read in order to find
the information you seek.

1.1 Document Management and Configuration Control Information

Revision Number: 1
Revision Release Date: Sunday, April 24, 2022
Purpose of Revision: The first installment of the Software Architecture Document

Scope of Revision: none

1.2 Purpose and Scope of the SAD

This SAD specifies the software architecture for a biometrics-based voice recognition information technology. All
information regarding the software architecture may be found in this document, although much information is
incorporated by reference to other documents.

1.2.1 Scope

This SAD describes a speaker recognition desktop application that is used for practical, testing or presentation
purposes, when the classifiers have already been trained and tested. From the larger project of researching audio
features and biometrics, building and training classifiers’ models, making a comparative analysis of used methods,
only a final stage of providing a functional speaker recognition application is covered.
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1.2.2 Purpose

Biometrics are body measurements and calculations related to human characteristics. Biometric authentication is
used in computer science as a form of identification and access control. It is also used to identify individuals in
groups that are under surveillance. Biometric voice recognition is a type of biometric authentication that has
advantages such as easy and understandable development and usage. Biometric voice recognition systems are used
to solve a problem of speaker identification/recognition, there is a need for such system in criminalistics,
surveillance, anti-terrorist monitoring, security etc.

The software which is described in this SAD is a result of a research of speaker recognition systems and methods,
modelling and training two classifiers on a dataset of 43826 audio files from 108 speakers with different accents.
The application is meant to use the developed feature extraction modules to extract data about speaker’s voice from
a WAVE file and pass them as an input to two classifiers — a feedforward neural network and a Gaussian mixture
model, — aggregate their responses and get a final recognition result. One of the application’s purposes is to provide
a user-friendly way to test and present the results of this research project.

Application also maintains an option to change pre-trained classifiers, their input formats, recognizable classes
(speaker names), so it can not only be used for the purpose of identifying an already chosen set of speakers from
the training dataset, but to be more customizable for the end users.

1.3 How the SAD Is Organized

This SAD is organized into the following sections:

Section “1 Documentation Roadmap” provides information about this document and its intended audience.
It provides the roadmap and document overview. Every reader who wishes to find information relevant to the
software architecture described in this document should begin by reading Section 1, which describes how the
document is organized, which stakeholder viewpoints are represented, how stakeholders are expected to use it,
and where information may be found. Section 1 also provides information about the views that are used by
this SAD to communicate the software architecture.

Section “2 Architecture Background” explains why the architecture is what it is. It provides a system
overview, establishing the context and goals for the development. It describes the background and rationale for
the software architecture. It explains the constraints and influences that led to the current architecture, and it
describes the major architectural approaches that have been utilized in the architecture. It includes information
about evaluation or validation performed on the architecture to provide assurance it meets its goals.

Section “3 Views” specifies the software architecture. Views specify elements of software and the relationships
between them. A view corresponds to a viewpoint (see Section 0), and is a representation of one or more
structures present in the software (see Section 0).

Sections “4 Referenced Materials” and “5 Directory” provide reference information for the reader. Section 5
provides look-up information for documents that are cited elsewhere in this SAD. Section 6 is a directory,
which is an index of architectural elements and relations telling where each one is defined and used in this
SAD. The section also includes a glossary and acronym list.

1.4 Stakeholder Representation

This section provides a list of the stakeholder roles considered in the development of the architecture described by
this SAD. For each, the section lists the concerns that the stakeholder has that can be addressed by the information
in this SAD. A matrix of how serious a concern is to a particular stakeholder is presented in table 1.



Table 1:  Stakeholders’ concerns matrix

Concern | Ul Programming | Performance | Architecture | Development | Price
Stakeholde language costs
Customer High Low High Medium High High
End user High None High Low Medium High
Developer Medium High Medium High High Low
Tester High Low High Medium Medium None
Project manager Medium Medium Low Medium High High
Maintainer High Medium High Low Low Medium
Acquirer Low None Medium Low High High

1.5 Viewpoint Definitions
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The SAD employs a stakeholder-focused, multiple view approach to architecture documentation, as required by
ANSI/IEEE 1471-2000, the recommended best practice for documenting the architecture of software-intensive
systems [IEEE 1471].

The remainder of Section 1.5 defines the viewpoints used in this SAD. The following table summarizes the
stakeholders in this project and the viewpoints that have been included to address their concerns.

Table 2:  Stakeholders and Relevant Viewpoints

Stakeholder Viewpoint(s) that apply to that class of

stakeholder’s concerns

Customer Logical View, Use Case View
End user Use Case View
Developer Logical View, Use Case View
Tester Use Case View

Project manager Use Case View

Maintainer Logical View, Use Case View
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Stakeholder Viewpoint(s) that apply to that class of
stakeholder’s concerns

Acquirer Use Case View

1.5.1 Use Case Viewpoint Definition

Abstract

Use Case Viewpoint represents simplified basic scenarios that an End User performs while working with the
application.

Stakeholders and Their Concerns Addressed

Customer. Customer is interested in the Use Case View to confirm that the application satisfies requirements
provided for system architecture and functionality.

End user. End user can learn how their work routine with an application is supposed to be from the Use Case View.
However, it does not provide the documentation for the UL

Developer. Software developer requires a representation of foreseen scenarios to then provide a functional code
that satisfies the functionality covered by scenarios.

Tester. Tester needs to know all the scenarios that end users are going to experience to diligently go through every
one of them to check and report all possible outcomes.

Project manager. Project manager is interested in the Use Case View to confirm that the application satisfies
requirements provided for system architecture and functionality. They also can refer to Use Case View to estimate
the complexity of the system to plan out finances and human labor needed.

Maintainer. Maintainer needs to know all the scenarios to consult end users on how to use the application or
modify it when needed.

Acquirer. Acquirer is interested in the Use Case View to confirm that the application satisfies requirements
provided for system architecture and functionality and the price of the application is fitting for its level of
complexity.

Elements, Relations, Properties, and Constraints

The Use Case View is presented by a UML diagram of use cases, which has the following element types:

e Actor. Behaviored classifier which specifies a role played by an external entity that interacts with the
subject (e.g., by exchanging signals and data), a human user of the designed system, some other system or
hardware using services of the subject. Represented by a stick man figure.

e Use case. A function that a system performs to achieve the user’s goal. Depicted by an ellipse.
e System. The scope of a system, also known as a system boundary. Depicted by a half-transparent rectangle.

The elements are connected by following relations:
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e Association. Actor and use case can be associated to indicate that the actor participates in that use case.
Therefore, an association correspond to a sequence of actions between the actor and use case in
achieving the use case. Depicted by a thin line.

o Extend. An extend relationship specifies how the behavior of the extension use case can be optionally
inserted into the behavior defined for the base use case. Depicted by a dashed arrow with the label
“<<extend>>" on it. The arrow points from extension use case to extendable use cases.

Language(s) to Model/Represent Conforming Views

For the purpose of representing a Use Case View a UML diagram of use cases was used.

1.5.2 Logical Viewpoint Definition

Abstract

Logical Viewpoint is a basis for understanding the structure and organization of the design of the system. The
purpose of the Logical View is to specify the functional requirements of the system. In this SAD, Logical View is
presented by a layered architecture of the application and class diagram.

Stakeholders and Their Concerns Addressed

Customer. Customer is interested in the Logical View when they have specific requirements to realization methods
(for example, optimization methods for the sake of bettering performance). Otherwise, the specifics are not relevant
to them.

Developer. Developer needs a Logical View to create the application according to requirements to structure,
functionality, performance etc.

Maintainer. Maintainer needs the information on how the application is supposed to be organized, how and which
classes are connected so when modifying is required they can alter the system without ruining its integrity and
structure.

Elements, Relations, Properties, and Constraints
Software’s layered architecture diagram includes the following elements:

e Layer. A separate functional part of the system that interacts in some sequential and hierarchical way with
the other layers. Depicted by a rounded rectangle.

e Component. Represents a module, a subsystem or an application. Depicted by an ellipse.

Layers are connected with other layers and components are connected with other components by the following
relations:

e Dependency. Depicts a dependency between two diagram blocks. Depicted by an arrow that points from
dependent block to its dependency.

UML class diagram includes the following elements:

e (Class. Class represents a set of objects that have the same structure, behavior, and relationships with
objects of other classes. It can have attributes and methods. Attribute is a typed value that defines the
properties and behavior of the object. Method is a function that can be applied to the objects of a given
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class. Class is depicted by a 3-row table, where the first one is the name of a class, the second contains
attributes and the third — methods.

Static class. A special case of a class. A static class is similar to a class that is both abstract and sealed. The
difference between a static class and a non-static class is that a static class cannot be instantiated or
inherited and that all of the members of the class are static in nature. Depicted similarly to class, but with
the label “<<static>>" at the top of the name row.

Abstract class. A special case of a class that cannot be used to create objects (to access it, it must be
inherited from another class). Depicted similarly to class, but with the label “<<abstract>>"" at the top of
the name row.

The elements are connected by following relations:

Dependency. Means the relation between two or more classes in which a change in one may force changes
in the other. However, it will always create a weaker relationship. Dependency indicates that one class
depends on another. Depicted by a dashed arrow that points from dependent block to its dependency.

Association. This kind of relationship represents static relationships between classes. Association is mostly
verb or a verb phrase or noun or noun phrase. Depicted by a thin line with a verb label near the active class.

Aggregation. A special type of association that models a whole- part relationship between aggregate and
its parts. In aggregation, the contained classes are never totally dependent on the lifecycle of the container.
Here, the college class will remain even if the student is not available. Depicted by a thin line with a
diamond at the end of it, pointing at the container.

Composition. A special type of aggregation which denotes strong ownership between two classes when
one class is a part of another class. The contained class's instance lifecycle is dependent on the container
class's instance lifecycle. Depicted by a thin line with a filled diamond at the end of it, pointing at the
container.

Generalization. A generalization helps to connect a subclass to its superclass. A sub-class is inherited from
its superclass. Generalization relationship can’t be used to model interface implementation. Class diagram
allows inheriting from multiple superclasses. Depicted by a thin line with a triangle at the end of it,
pointing at the superclass.

Language(s) to Model/Represent Conforming Views

For the purpose of representing a Logical View a UML diagram of classes and a simplified scheme of software’s

layered architecture were used.

1.6 How a View is Documented

Section 3 of this SAD contains one view for each viewpoint listed in Section 1.5.

Each view is documented as follows, where the letter i stands for the number of the view: 1, 2, etc.:

Section 3.i: Name of view.

Section 3.i.1: View description. This section describes the purpose and contents of the view. It should refer to (and

match) the viewpoint description in Section 1.5 to which this view conforms.

Section 3.i.2: Architecture background. Whereas the architecture background of Section 2 pertains to those
constraints and decisions whose scope is the entire architecture, this section provides any architecture
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background (including significant driving requirements, design approaches, patterns, analysis results, and
requirements coverage) that applies to this view.

Section 3.i.3: Context diagram. This section provides a context diagram showing the context of the part of the
system represented by this view.
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2 Achitecture Background

2.1 Problem Background

2.1.1 System Overview

The system is an application that allows to recognize a speaker from a WAVE-file of their speech. It can be used for

practical use in person authentication from pre-defined classes, as well as presenting and testing the results of

researching NN architectures, GMMs and voice features extraction.

2.1.2 Goals and Context

The goal is to create a speaker recognition application that allows to recognize a speaker from pre-defined classes

with high accuracy (above 90%). Since biometric authentication is used in such fields as criminalistics,

surveillance, anti-terrorist monitoring, security, mistakes can be crucial.

One of the problems that all speaker recognition systems face is voice’s variability depending of speaker’s mood,

health, microphone quality, environmental noises. Our goal is to minimize these effects to provide a practically

useful software.

From the user’s perspective, the application should be easily understandable and resistant to failures. In security the

time of processing the data to provide or deny access is a significant aspect. User-friendly interface and fast work

routines are necessary to create a competent speaker recognition software.

2.1.3 Significant Driving Requirements

2.1.3.1 Functional requirements

1.
2.

A singe instance of an application can be used by only one user. Each user has equal rights.
Opening a file dialog when user selects to browse a file and letting them to choose only WAVE-files.
Playing loaded audio when user choses to and showing an error message if no audio was loaded.

Reducing noise from loaded audio when user chooses to and showing an error message if no audio was
loaded. Refusing to reduce noise from audio if it has already been done.

Starting a speaker recognition process when user chooses to and showing an error message if no audio was
loaded. When a person is recognized, the application has to show the user recognized class (speaker’s
name)

The speaker recognition process has to consist from three stages: recognition via a feedforward NN,
recognition via GMM and aggregating their results based on classifiers’ outputs and pre-defined weights.

a. Recognition via a feedforward NN has to include two stages: feature extraction and class
prediction. Class prediction should provide an output of probabilities that an audio belongs to each
of pre-defined classes.

b. Recognition via GMM has to include two stages: feature extraction and class prediction. Class
prediction has to provide an output of scores that each speaker’s speech model calculated (a score
describes a likeability of an audio corresponding to speaker’s speech model).
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c. Aggregation has to return the common recognized speaker if both classifiers have selected the
same “winner” (gave the best score to a one speaker). Otherwise, while aggregating results, the
scores of each other’s winners has to be taken into accounts, as well as classifiers’ weights and
ranges between the best score and the worst score.

7. If an exception during any of the listed process has occurred, the application can’t shut down or crash. It
has to inform user about it and continue processing user’s inputs.

8. User configurations have to be edited via an XML file. If any exception occurs during initiating
configurations, the application must inform user about it and shut down.

2.1.3.2 Non-functional requirements
1. User-friendly graphic interface.

2. The recognition process should not exceed a time span of 1 minute. Other user actions like opening and
listening to an audio file have to have a response time less than 5 seconds.

2.2 Solution Background

2.2.1 Architectural Approaches

The architecture follows a layered architecture approach. This approach works on principle of separation of
concerns. Software design is divided into layer laid over one another. Each layer performs a dedicated
responsibility.

Data and control flows from one layer to another crossing every layer in design. These layers also increase the
degree of Abstraction in the design. As stability is proportional to abstraction to certain extent, it also improves
stability of software to some limit. Isolation between layers keeps other layers immune from the modifications in
one layer. While it doesn't offer much scalability, the developed application itself does not require it.

With relatively independent and isolated layers, if a part of a component needs to change, it’s less likely to affect
the rest of the modules. In our case, most components that cover completely different goals (like extracting a set of
features from an audio file or making estimates of how likely an array corresponds to established models) don’t
need to know about each other’s specifications, and when they do, they are isolated by layer borders.

The application may need changes when a set of features that serve as an input to classifiers is no longer relevant,
when the certain extraction methods have to be changes or the classifiers’ models have to be replaced to recognize
completely different classes. In such cases, the changes are limited by updating separate components and editing a
configuration file.

2.2.2 Requirements Coverage

The basic scenarios, functions and entities within the systems are provided in detail in Section 0, so it’s suggested
to refer to it to fully comprehend which ones of requirements are satisfied and how. But in short, almost all of them
have been covered by the system.
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3 Views

This section contains the views of the software architecture. A view is a representation of a whole system from the
perspective of a related set of concerns [IEEE 1471]. Concretely, a view shows a particular type of software
architectural elements that occur in a system, their properties, and the relations among them. A view conforms to a
defining viewpoint.

3.1 Use Case View

3.1.1 View Description

Use Case View represents simplified basic scenarios that an End User performs while working with the application.

3.1.2 Architecture Background

A use case diagram is a dynamic or behavior diagram in UML. Use case diagrams model the functionality of a
system using actors and use cases. Use cases are a set of actions, services, and functions that the system needs to
perform. In this context, a "system" is something being developed or operated. The "actors" are people or entities
operating under defined roles within the system.

The speaker recognition system operates with only one actor — a user. It includes following use cases:
1. Configure settings — user edits and saves an XML file, that is processed by the system at the launch.

2. Invalid configuration file — extends Configure settings. Occurs when at the launch the XML edited by user
is absent or invalid. An application shows a pop-up with the specification of the error and shuts down.

3. Open audio file — user clicks on a “Browse” button to open a file dialog and chooses a WAVE file. Can
result to loading the chosen file to the system for further processing or closing the file dialog without
picking anything (system remains without loaded audio file). If a file has been already opened before the
use case, a new file replaces the old one.

4. Denoise audio — user clicks on a “Denoise” button to reduce noise from a chosen file.

5. Recognize speaker — user clicks on a “Recognize” button to identify the speaker by the recording of their
speech. Internally a processes of feature extraction, NN and GMM classification and result aggregation are
run. After successful recognition the user is given a class (speaker’s name) that the chosen audio belongs
to.

6. Invalid or absent audio — extends Recognize speaker and Denoise audio. Occurs when the user tried to start
one of the extended use cases before choosing a file beforehand. An application shows a pop-up with the
specification of the error and continues working.
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3.1.3 Context Diagram

Speaker Recognition System

Configure settings

extension points |- === ====

nvalid configuration file

Invalid configuration file ==Exiend>>
Open audio file
==Extend==

extension points
Invalid or absent audio

extension points
Invalid or absent audio

User

Invalid or absent audio

==Extend==

Figure 1: Use Case diagram

3.2 Logical View

3.2.1 View Description

Logical View is a basis for understanding the structure and organization of the design of the system. The purpose of
the Logical View is to specify the functional requirements of the system. In this SAD, Logical View is presented by
a layered architecture of the application and class diagram.

3.2.2 Architecture Background

The system is built with a layered architecture in mind. Components within the layered architecture pattern are
organized into horizontal layers, each layer performing a specific role within the application (e.g., presentation
logic or business logic). Each layer of the layered architecture pattern has a specific role and responsibility within
the application. One of the powerful features of the layered architecture pattern is the separation of concerns among
components. Components within a specific layer deal only with logic that pertains to that layer. For example,
components in the presentation layer deal only with presentation logic, whereas components residing in the
business layer deal only with business logic.

The system consists of three layers: Client, Presentation, Business (see Figure 2).

1. Client Layer consists of graphic use interface, created using PyQt5 tools. It’s represented by a window
interface.

2. Presentation Layer handles user’s inputs and communicates to Client layer to present the outcome. It also
communicates to Business Layer to run the processes the user has requested.

3. Business Layer is not aware of Client and Presentation layers, remaining separate. It implements the core
logic of the speaker recognition system and provides output. The components included are Initiation
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configurations, Wave-file processing, Audio denoising, Feature extraction and Speaker recognition. Within
the layer, Speaker recognition component consists of two classifiers and an aggregator. Classifiers are not
aware of the aggregator. Feature Extraction component is also not dependent on most components, while
Speaker recognition component heavily depends on it.

The other part of Logical View is a class diagram (see Figure 3). The class diagram depicts a static view of an

application. It represents the types of objects residing in the system and the relationships between them. A class
consists of its objects, and also it may inherit from other classes. A class diagram is used to visualize, describe,

document various different aspects of the system, and also construct executable software code.

Classes MainWindow and AudioPlayer belong to the Presentation Layer. Every other class belongs to Business
Layer.

MainWindow handles user’s work routine within interface, communication to AudioPlayer and Business Layer’s
classes if needed. It has one instance of SpeakerWave and a one instance SpeakerRecognizer classes.

SpeakerWave represents a WAVE-file of person’s speech and its properties. It may include speaker metadata (name,
gender, region, accent, age), WAVE details (file path, sample rate, duration, the wave signal itself) and calculated
voice features that will form a feature vector, an input to classifiers. It communicates to AudioFeatures class and a
static NoiseReducer class to perform respective functions on itself.

SpeakerRecognizer contains one or more (two in our case) objects of an abstract BaseRecognitionModel class, that
is a superclass to NNModel and MixtureModel. The abstraction is used because both NN and GMM can be
generalized to a classifier that gives an output of a set length, the only difference is realization. Classifiers are not
aware of SpeakerRecognizer. SpeakerRecognizer performs processes such as calling AudioFeatures class to
calculate SpeakerWave’s input vector to then provide it to classifiers. Classifiers’ outputs are then weighted to
produce the final result of recognition.

Config is a static class that almost every other Business Layer’s class is dependent on. It provides access to user’s
configuration by processing an XML file. The configurations include a list of classes, input shapes of classifiers,
paths to classifiers’ models, default WAVE sample rate.

3.2.3 Context Diagram

P —
Client Layer II|"FP'rem&zntatiu:rrn Layer‘\‘ / Business Layer \
) ) : - Imitiating Wave-file
Fresentation logic Audio denoising ; .
- processing configurations processing
Graphic it Speaker recognition \
User -
Interface Playing audio i | MNeural Aggregating GMM !
hased on v | network (e classifiers’ o classifier | |
PyQi5 i | classifier responses :
| | Surface-level data 'l'
processing Feature extraction

__ J \ )\ J

Figure 2: Software’s layered architecture diagram
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5 Directory

5.1 Glossary

Term

Definition

feature extraction

In machine learning, pattern recognition, and
image processing, feature extraction starts
from an initial set of measured data and builds
derived values (features) intended to be
informative and non-redundant, facilitating
the subsequent learning and generalization
steps, and in some cases leading to better
human interpretations. Feature extraction is
related to dimensionality reduction [Sarangi
2020].

Gaussian mixture model

A probabilistic model that assumes all the data
points are generated from a mixture of a finite
number of Gaussian distributions with
unknown parameters. One can think of
mixture models as generalizing k-means
clustering to incorporate information about
the covariance structure of the data as well as
the centers of the latent Gaussians [Reynolds
1995].

neural network

A subset of machine learning and are at the
heart of deep learning algorithms. Their name
and structure are inspired by the human brain,
mimicking the way that biological neurons
signal to one another.

view

A representation of a whole system from the
perspective of a related set of concerns [IEEE
1471]. A representation of a particular type of
software architectural elements that occur in a
system, their properties, and the relations
among them. A view conforms to a defining
viewpoint.
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5.2 Acronym List

COTS Commercial-Off-The-Shelf

GMM Gaussian Mixture Model

IEEE Institute of Electrical and Electronics Engineers

NN Neural Network

(OK] Operating System

QAW Quiality Attribute Workshop

SAD Software Architecture Document

SEI Software Engineering Institute
Systems Engineering & Integration
Software End Item

UML Unified Modeling Language
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