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AnHoTanus. B pabore npennokeH HOBBIN MOAXO0/ K BEIYUCICHUIO HHPOPMATHBHBIX
NPU3HAKOB PEYEBOr0 CHUrHama Jjis 3ajadu  Bepudukauuu naukropa. K curnamy
NPUMEHSIIOCh  MHOTOYPOBHEBOE  IpeoOpa3oBaHUE, BbIUMCIAONMEE KO (DUIIHMESHTHI
paccessHMsI Ha OCHOBE JHCKPETHOTO BeiBieT-pasnoxenus. llomydeHHBIE BeKTOpa
NPU3HAKOB HCIOJB30BAJIUCh B KAayeCTBE BXOJHBIX JAHHBIX HEHPOHHOM CeTH ¢
BPEMEHHbIMU 3ajiepKkaMd. Ha MX OCHOBe HEWPOHHON CEThbIO BBIYHCISIINCH BEKTOpa
UJICHTUYHOCTH JUKTOPOB, KOTOPBIE HETIOCPEACTBEHHO MPUMEHSUIUCH Il OMOMETPHUYECKON
Bepudukauuu. [IpennoxxkeHHplii moaxoa ObLT ampoOMpOBaH Ha JAaHHBIX M3 HaOOPOB
roiocoBeix o6pasnoB VoxCelebl u VoxCeleb2. bruia nmokazana ero s¢pQpexTHBHOCTH B
CPaBHEHMH C CYIIECTBYIOIIMMH METOJAaMU BepU(UKAIIUY HA OCHOBE TNTyOOKHUX HEMPOHHBIX
ceTen.

KaloueBble  cjoBa:  rojocoBas — BepudUKalus, JAUCKPETHOE  BEWBIIET-
npeoOpa3oBaHue, IMpeoOpa3OBaHUE pacCesiHUs, HEHWPOHHAasT CE€Th C BPEMEHHBIMU
3aJiep>KKaMU, BEKTOP UACHTHUYHOCTH JUKTOPA.

OnHolf W3 KPUTUYECKHM BAXKHBIX 337ad B MPHIOKEHUAX, TI/I€ HEOOXOAUM
MOBBIIICHHBIA YPOBEHb OE30MACHOCTH, SIBJISIOTCS 00pa0dOTKa W YIpaBIICHUE JIOCTYIIOM K
pecypcam. B Hacrtosiiiee Bpemsi HaOMIOAaeTCs pacTyllas TEHISHIUS 10 HCIIOIb30BAHHIO
OMOMETPUUYECKUX JAaHHBIX BMECTO CMapT-KapT WJIM KIIOYEH, i1 KOHTPOJIA JOCTyNa U
unentuukamuu [1]. Cpenu Bcex OMOMETPUYECKHX XapaKTEPUCTUK HambOosee ynoOHOU
ABIIIETCS TOJIOC, TaK KakK IOJb30BATEIN B OCHOBHOM YYBCTBYIOT ce€0si KOM(POPTHO U3-3a
IPOCTOTHI UCTIONb30BaHus. PeueBas OuoMeTpus ¢ Apyroi CTOPOHBI OTHOCUTENIBHO OO0JIbIIIE
MOJBEP)KEHA BO3MOXKHBIM arakaM Ha OuoMmerpuyeckoe mpeabsBiaeHue [2]. s
3P PEKTUBHOIO OTCIEKHMBAHUS OJOOHBIX aTak, HE00X0AMMa pa3paboTKa HOBBIX IOAXO0/I0B
K OMOMeTpruecKoi Bepu(pUKaIN TUKTOPOB.

B nanHo#t pabGote /Ui BepUpHUKALMK M0OJIb30BATENCH MPEAIoKEHO UCHOIb30BATh B
KayecTBe MH(OPMATUBHBIX MPHU3HAKOB PEUYEBBIX ayIHOCUTHAIOB PA3JIOKEHHS] PaCCESIHUS
(scattering decomposition), KOTOpble MpPeACTaBIsAET cOO0M nepapXuyeckue CreKTpabHbIe
pasliokKeHus: Ha OCHOBE OaHKOB BeHBIET-TOAOOHBIX (uiibTpoB [3]. JlaHHBIE TPU3HAKU
UCTIOJIb30BATMCH JUIsl OOY4YEeHUsI HEHPOHHOM CeTH, M3BIEKAloIIeld BEKTOpa WISHTUYHOCTHU
JTUKTOPOB, UCTIOJIb3yEMbIE HETTOCPECTBEHHO 11 OMOMETPUUECKON BEpUPUKAIIH.

OCHOBHBIMU IIPEeUMyIIeCTBaAMU npeoOpa3oBaHus paccesHusI nepen
«KJIACCUYECKUMU» CHEKTPAJbHBIMH PAa3JI0XKEHUSIMH SIBJIIETCS €r0 WHBAPHUAHTHOCTh K
CJ1a0bIM JIOKAJIbHBIM HMCKa)KEHUSIM CHUTHaja Kak B YacTOTHOM, TaKk M BO BPEMEHHOU
o0nacTu, a TakKe COXpaHEHHE NOJHOW HH(GOpMalUU O CHUTHAJE, YTO, B IPHUHIIMIIE,
MO3BOJISIET TPOBOJIUTH MOJTHOE C TOYHOCTHIO JI0 (ha3bl BOCCTAHOBIEHHE MCXOIHOTO CUTHANA
[4].

PaccmotpuM  monpobHee cxemy U3BIeUeHHS KO3(D(PUIMEHTOB  pas3iioKeHUs
paccessuusi. OHM TPYNIUPYIOTCS MO TaK HA3bIBAEMBIM YPOBHSM Ppa3JIOKEHUs CHUTHAJIA.
Kaxplii HOBBIM ypOBEHB BBIYMCISIETCS MyTEM MPOIYCKaHHUs PE3yJbTAaTOB PA3NIOKEHUS
NPEIBIAYIIErO YPOBHS C MMOMOIIBIO OaHKA IUCKPETHBIX BEHBIET-(OMIBTPOB M BBIYMCICHHS
a0COIIOTHON BETMUYMHBI YCPETHEHHBIX Pe3ylbTaToB (puiabTpanuu (pucyHok 1). B kauecte
HAYaJIbHOTO (HYJIEBOT0) YPOBHS BBICTYIAJI HCXOHBIN ayIMOCUTHA.
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Pucynox 1. Cxema paznoxxenus paccessnus (u3 [3]).

Ha k-m ypoBue paznoxenus 0ank u3 Ni QUIBTPOB mpencTaBisii coOOi BeWBIET-
npeoOpa3oBaHue, 3aJaHHOE HAOOPOM BEHBIICTOB Wy [n] Buaa:

il = 2 [ (1)

rae Yi[n] — BoiOpanHBIi HAa k-M ypOBHE pa3iiOXKEHHs MATCPUHCKUI BEWBIET,j =
1,...,Ni — HOMep dumbrpa,a = 27/ — gosddumment macurrabuposanus,T — meprox
BBIOOpKH, N — HMHJEKC 3JeMeHTa BBIOOPKH,Q) 0003Ha4yaeT KOJIMYeCTBO (DUIBTPOB Ha
OKTaBy B 0aHKe (UIBTPOB Ha k-OM ypOBHE Pa3iIOKEHHUS.

Koapduunentsl  BeiiBieT-npeoOpa3oBaHsl  pacCUMTHIBAIUCH  IYTEM  B3SATHUS
a0COJIIOTHBIX 3HaUeHHUH BbIX010B Ny (PMIIBTPOB Uil COOTBETCTBYIOLIETO OaHKa ¢ 3aaHHON
KOHCTaHTOM Qy:

pr;[nl = |(Wy, *x)[n]], 2

rae x o0o03Hayaja BXOJHOH CHTHAJI JTAHHOTO YPOBHS pasjoXeHus, * — omepanuro
CBEpTKH, a |.| —omepaTop MOy /ISl BHIYUCIEHUS a0COMIOTHOTO 3HAYEHUSI.

Koo duumenTsl paccesHuss Ha KaXIOM YPOBHE DAa3JIOKEHHUS TOIyJdald IyTeM
KagpupoBanus pj[n] ma Omokum paBHOH mmMEBI M ¢ HCHONB30BAHMEM YCPEIHAIOMIETO
¢upTpa (puIbTpa HU3KUX YacToT) ¢[n], IPUMEHSIEMOTO K KaXXI0My OJIOKY:

$i[m] = (¢ * pig) [mM], ©)

e 519) [m] o6o3HayaeT KOIDGUIMEHT pPA3TOKEHUS, COOTBETCTBYIOUIMN j-OMY
nonocosomy ¢unbTpy Yyi[n] Ha k-oM ypoBHe pasnoxkeHus, a m 00O3HAYaeT MHIAEKC
6110Ka.

Bungno, u9to kBajpaT Kod(QQUIMEHTa pacCcesHUs HYIEBOTO YpPOBHS SIBIISETCS
NpUOIMKEHUEM KpPaTKOBPEMEHHOW SHEPruM pPEYeBOro CHUTHama s[n], a KBaaparel
KOD(QPUIIMEHTOB pacCestHUs TIEPBOTO YPOBHS SIBJISIOTCS OICHKAMH DHEPTUU B
MOJIIMATIA30HAX, OINPENEIEHHBIX HA0OpOM (WIBTPOB MOCTOSHHOHW (Q; TMEpBOTO YpPOBHSL.
PaznoxeHuss paccestHUS BTOPOTO YPOBHS MOXKHO paccMaTpuBaTh Kak CIEKTPaIbHOE
pa3iokeHue MIHOBEHHBIX aMIUIUTYJ KOMIOHEHT cmnekTtpa s[n]. Jpyrumu crnoBamu,
KOO (UIMEHTH pacCestHUss BTOPOrO YpoBHA S,[m] sBistrorcss  «kod(uIHEeHTaME
MOJYJISLUIY CIIeKTpa S[n].

Boruucnennsle  k03(ppUIMEHTHl  paccessHUs CUTHala HECKOJIBKHUX  YPOBHEH
WCTIOJh30BAJIMCh B KadeCTBE BXOJHBIX BEKTOPOB B CXEME BBIUMCICHUS BEKTOPOB
UACHTUYHOCTU JAUKTOPOB. [locnennue sIBISIOTCS OJHUM W3 CTaHJAPTHBIX MpeCTaBICHUH
XapaKTEPUCTHK JUKTOPa U OOBIYHO MPEACTaBISIIOT co00# BekTopa pazmepHoctu 103-104,
KOTOpPBIE XapaKTepU3yeT YHUKaJIbHbIE 0COOCHHOCTH IoJI0ca, HE 3aBUCSIIUE OT BHOCUMBIX B
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HEr0 WCKaXEHWH, CBS3aHHBIX C MPOLEAYypOr (UKcalMK Tojoca, IMIyMaMd U JPYTHMH
HMCKaXEHUSIMU. BpruucieHue BEKTOPOB MAEHTUYHOCTH 10 cepeauHbl 2010-x 11
MPOBOJIMIIOCH C IOMOIIBIO METOJIa, OCHOBAHHOTO Ha aJlanTalnuu 0a30BBIX MOJEJEH rooca
[5]. B Hacrosmee BpeMsi, 0OJIHaKO, OOJIbIIIEE PACIIPOCTPAHCHHUE MOTYYHIN HEUPOCETEBBIC
METO/Ibl U3BJICUCHHUSI IAHHBIX MPEICTABICHUN.

ApxuTekTypa TIyOOKOH HEWpPOHHOW CETH, H3BJICKAIOIICH HHU3KOpa3MepHbIC
IpeJICTaBIeHUs rosoca [6], mpelcTaBieHa Ha pUCYHOK 2. JlaHHAs apXUTEKTypa OTHOCUTCS
K TaK Ha3bIBAGMbIM HEHPOHHBIM CETSIM C BpPEeMEHHOW 3aaepxkoi (time-delay neural
networks, TDNN-cetsim). Ha BXoa ceTu mojaBajiuch BEKTOpa MPU3HAKOB IS 3aIaHHOTO
BPEMEHHOTO OKHa KoHTekcta. [Ipu o0O0ydeHMM ceTH pachpoCTpaHEHHE OLIUOKHU
MIPOUCXOANIIO HE TOJBKO IO HEM HEMOCPEICTBEHHO, HO U M0 €€ KOMUSIM, «CABUHYTBIMY T10
BPEMEHHOMN IIKaje, YTO MO3BOJIJIO JOOUTHbCSA MHBAPUAHTHOCTU K BPEMEHHBIM CIBUTAM
BXOJIHOTO CHTHAaJa.

B tabnune 1 npuBenensl xapakrepuctuku ciioeB TDNN-ceru. Ilon dpeiimamu 1-5
MOHUMAJIUCh CJIOM C BPEMEHHBIMU OKHAMM, WHIUBUYAIbHBIA KOHTEKCT W HAKOIUJICHHAs
IIMPUHA KOHTEKCTa KOTOPBIX IPEACTaBICHbI BO BTOPOM U TpeTbeM croibuax. Crnoii
CTATUCTUYECKOTO IMYJIMHTA BBIUMCISI MO HA0Op M3 JBYX CTATHCTHK IO BCEM BXOJIHBIM
JAHHBIM CUTHaJa — CPEAHHE U CPEIHEKBaIPAaTUYHbIC OTKIOHEHUS BBIXOJOB ClIOs «(hpeiim
5». Ilonyuennoe npeacrasienue pazmepoM 3000 momaBajiock Ha JBa MOJTHOCBA3HBIX CIIOS
— TIepBBIA, CXKUMAIOMMUK ero 10 S512-mMepHOTO BEKTOpa 3HAUYEHUH U BTOPOM —
«imaccuunupyromuity. Cnoil softmax BblgaBayl pemieHHe o Kiacce (MICHTUIHOCTH
cyOBbeKTa, 4el roJ0COBOI CHrHal MOJaH Ha BXOJ ceTH). B kauecTBe HU3KOpa3MEpHBIX
MIPU3HAKOB MCIOJIb30BAIUCH BBIXOHBIC 3HAUCHHUS IIEPBOTO MOJTHOCBI3HOTO CIIOS.

NOY \/\/\,'\/\r-\
Sv‘\sz]@@/\/\/x,\/k/ @ICY

Affine + Softmax

Affine + LeakyRelLU
(Bottleneck)

Temporal statistics layer
(mean, variance)

Third layer
Second layer

First layer

noiayer - TGS OGS GBS SS9 ®

Scatter
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time

Pucynok 2. Apxurekrypa npumensemonnr TDNN-cetu. [{7st ynpouieHus B cxeme
NIPUBEJICHA YaCTh CJIOEB C BPEMEHHBIMH 33JICPKKAMH.

B nanno#l pabGoTe wWCHONB30BaIUCh 00pa3Ibl 3allMcel Tojoca W3 IBYX HAOOpPOB
nmanHbeix  VoxCelebl [7] m VoxCeleb2 [8]. Breibop sTux HaOOpoB 00ycCiaBIuBajcCs
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HECKOJbKUMH (pakTopamu. [laHHble HAOOPHI TOCTATOYHO MPEACTABUTEIBHBI M COJEpIKAT
oOpasnpl rosnoca 6osee yem 7000 TUKTOpPOB, B HUX NpPEACTaBICHO Oosiee 1 MuuIMoOHa
obOpasioB  3amuceit  (mopsimka 2000 wacoB  3Byka. T HAOOpHI  CBOOOJHO
PacpOCTPAHAIOTCS [T aKaIEMUYECKUX U UCCIIC0OBATEIbCKUX MIEJICH.

Tabmuma 1. ApxuTekTypa HEHPOHHOM CETH /I U3BJICUCHHS
HU3KOPa3MEPHBIX MPU3HAKOB ayJUOCUTHAJIOB.

BpemeHHOI KOHTEKCT .
. OOt KOHTEKCT (B
Croii cios (B HOMepax
610K0B) HOMEpax OJIOKOB)
@peiim 1 [-2, +2] [-2, 2]
Dpeiim 2 [-1, 2] {-1, 2}
Dpeiim 3 [-3, 3] {-3,3}
dpeiim 4 [-7, 2] {-7,2}
Dpeiim 5 {0} {0}
Craructuueckuit [0,T) Bech CHIHAT
yJIMHT
HOJIHOC%?ISHI)II/I {0} BeCh CHIHAL
cioi 1
[TonHOCBS3HBIN
o 2 {0} BECh CHTHAJ
Softmax {0} BECh CHTHAJ

Ha6op manubeix VoxCelebl [7] comepxkan Gomee 100000 aymmoszamuceii ot 1251
auktopa. OHM OBUIM TOJYYEHBI W3 BHJACOPOIMKOB commanbHol cetn YouTube u
MIPEICTaBIAIOT co00M ronoca M3BECTHBIX MepcoH (ceneOputu). Habop naHHBIX TeHIEpHO
cOanancupoBan (55% wmyxunH u 45% oxenmuH). IlpencraBneH mupokuit Habop
STHUYECKHX TPYIII, aKIIEHTOB, MPO(eccHii 1 BO3pacTOB. 3alUCh MPOBOIMIACH B ITHPOKOM
CIIEKTPE OKPYXEHHH — OT OTKPBITHIX CTAIMOHOB /10 TUXUX KOMHAT U CTYIMH 3BYKO3aIUCH.
[lepBoHauaIbHBIM ~ TIpEJHA3HAYCHHEM OSTOrO0 Hadopa MHaHHBIX OBLIO TIPOBEICHHE
COPEBHOBAHMsI 10 MAIIMHHOMY OOYYEHHMIO MO HACHTU(HUKAIMU/BEpUPUKALUN JUKTOPOB
KaK Ha OCHOBE ayJHOMH(pOPMAIINH, TaK U MYJIbTUMOJAIEHO HA OCHOBE BUJICO.

Kparko coctaB HaOopa nanHbix VoxCelebl mnpeacraBnen B Tabauue 2. OH Obln
paszneneH Ha gABa mnoaMHoxkectBa: Development u Test. IlepBwiii mpeamomnaranoch
UCIOJIb30BaTh [ O0Y4YEeHHUsI CUCTEMbI BepU(pUKaLUU WM UIeHTH(PUKALIUU, BTOPOH — JIJIst
TECTHPOBaHUS 00YYEHHOW CUCTEMBI.

Ta6muma 2. Ctpykrypa Habopa gaHHbeix VoxCelebl.

\ Development \ Test
Paznenenne o06pasioB s 3a1auu BepuuKaum
Yucno TMKTOpOB 1211 40
Yucno 3anucen 148642 4874
Paznenenne o06pa3oB A 3a1a9u UASHTU(DUKAITIN
Yucno TMKTOpoB 1251 1251
Yuco 3anuceit 145265 8251

Bropoit nHabGop mamubix VoxCeleb2 [8], mnpencraBisn co0oil  pacuiupeHue
MepPBOHAYAIBHOTO HAbOpa JAHHBIX, MpeJHa3HAuYE€HHOE B MEPBYIO OUEpEedb JUISl PELICHHS
3aauu 00YUYECHUS CIIOKHBIX TITYOOKHX HEHPOCETEBBIX MOJIENIEH, KOTOPBIM JIJISI CXOTUMOCTH
TpeOytoTcss OonpiMe 00bEeMbl OOY4YaIOMIMX JAaHHBIX. AHAJOTHYHO IEpBOMY Habopy
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nanHbiXx B VoxCeleb2 Obutn mpezctaBieHbl ayauo3anucu u3 YouTube, caenmaHHbie B
IIMPOKOM JMAla3oHe YCIOBHMH, Uil INIUPOKOTO Kpyra JAWKTOPOB, C JIOCTATOYHO
IIPEJICTAaBUTEIIbHBIM Te€HAEPHBIM cocTaBoM (61% myxkuuH, 39% >KEHIUH), B pa3IndHbIX
IIYMOBBIX OKPYKEHHSAX. AHAJIOTHYHO NIEpPBOMY HAOOpy JaHHBIX, BTOPOW ObLI pa3JiesicH Ha
oOyuJaroiiee u TeCTOBOE MOJIMHOXKeCTBa (TIopoOHee — B Tabmuie 3).

Tabmuua 3. CtpykTypa Habopa nanubsix VoxCeleb2.

Development Test
Umncao AUKTOPOB 5994 118
Uwuco 3anuceit 1092009 36237

Bce aynumoszanucu npeaBapuTeNbHO ObUIM MpPHUBENEHBI K OJAMHAKOBOW AJIUHE — 5
cekyngam (80000 orcueroB) mpu yactore auckperuzanuu 16xl'1. Ecnu ayamoszanuck
OKa3bIBaJNaCh KOpPOYE 5 CEKyH]Z, TO OHAa YBEIMYMBAJIacCh MyTeM J00aBIICHHS MOBTOPOB
ATOTO K€ ayAuo IMoKa oOIIas JJIMHAa HE JOCTUTHET HeoOxomammoro. Ecim ke pedeBoid
CUTHAJ ObUI AJTUHHEE 5 ¢, TO U3 HEro BRIOMpAJICS clydaiiHblil 0Tpe3oK pazmepom B 80000
oTcyeToB. Jlanee a1 MOay4yeHHOro Habopa JAaHHBIX ObUIO MPOBENEHO IMPEIBAPUTEIBLHOE
akuentupoBanue [9] c¢ kosdduuuentom 0.97. [Ins momydueHHOro Habopa aHHBIX
BBIYMCIUIMCH KO3 UIIMEHTH TpeoOpa3oBanus paccesHus npu Qi = 12 m NKk=S8.
Hcnonws3oBanock Tpu ypoBHs paszioxeHus (k=0,1,2), koTopele paccMaTpUBaIUCh Kak
OJIHOMEPHBIN BEKTOpP, XapaKTePU3YIOMIMA KKl OJIOK cUTHaia. B kauecTBe QyHKImiA
MaTEepUHCKOTO BelBIeTa U (YHKIUM YyCPEAHEHHs] IO OJOKYy Ha BCEX YpPOBHAX
UCIIOJIb30BAIMCh BELIECTBEHHAss 4YacTh BelBiaeta Moprne u rayccoBa (YHKIMS
cooTBeTcTBeHHO [10].

Heiiponnas cetb 111 U3BIeUEHHs] HU3KOPAa3MEPHBIX MPEACTaBICHUI 00ydanack mpu
nomoinu ontumuzaropa ADAM [11] (¢ mapamerpamu learning rate = 10-3, wd = 0). B
KayecTBE CJIOS NMPUHATHS PELIeHMs] UCIOJb30BaJICAd CTaHIAPTHBHIN softmax. DyHkuuein
norepb ObLIa Kpocc-3HTponus. Bee GyHKIMM akTHUBalMK CETH B OTIMYUE OT [6] ObuM
3ameHenbl Ha LeakyRelu [12] Bepcun.

[Tpu BepuduKauu AUKTOPOB MPOBOAUIOCH CPABHEHUE CXOMXKECTU M3BIIEKAEMBIX
ceTblo 512-MepHBIX BEKTOPOB NpHU3HAKOB. /ISl 3TOro mpuMeHsgach KOCHHYCHash Mepa
CXOJCTBa:

n

similariy(A, B) = cos(6) = o = Ziz1 ABy

JEa a0z [T, @02

rae A u B — 9T0 HEKOTOpBIE HU3KOpa3MEPHBIE BEKTOPA IMPU3HAKOB JIBYX TUKTOPOB.

Ha ocHoBe naHHONH METPUKH BBIYUCIISIIMCH 3HAYEHMS MOPOTOB NMPUHSATHUS PELICHUS IS

00yyaroImux BHIOOPOK U MPOU3BOIMIIACH OLIEHKA KauecTBa pabOThl CUCTEMBI BepH(pHUKALINN

Ha BBIOpAaHHBIX TECTOBBIX OOpaslax. B kadecTBe METpUKH Ul CpaBHEHHUS MPHUMEHSJIACh
EER [1]. Pe3ynbTaThl YUCIEHHBIX 3KCIIEPUMEHTOB IIPUBECHBI B TAOIUIIE 4.

 (4)

Tabnuua 4. Pesynbrats! anpobaruu pa3padoTaHHOTO MOAX0/a.

Jlaracet oOyueHust JlataceTr TecTupoBaHUs EER, %
Voxceleh2 Voxceleb2 8,64
Voxceleb2 Voxcelebl 9,18

Voxceleb2 (MyXuuHbI) Voxcelebl 14,42
Voxceleb2 (;keHITHBI) Voxcelebl 16,61
Voxcelebl (My»x4nHbI) Voxceleb2 (My»X4nHbI) 9,32
Voxcelebl (>keHIMHbBI) Voxceleb2 (keHIIMHBI) 10,98
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BunHo, 4to ucCHonb3oBaHME TPU OOYYEHHUH OOJIBIION MpEeACTaBUTEIBHON 0a3bl
oOpasnoB (Bcero oOydaromero Habopa Voxceleb2), 3HaYMTENBHO CHIKAET OIIMOKY
npuHATHS peweHus. [lomo3aBucuMple MOJENIN OXKUAAEMO JAJIM CHU)KEHUE KauecTBa IPHU
MIPOBEpPKE Ha TOJHBIX HaOopax naHHbIX. [IpuMeHeHnue mojaenu, oOyuyeHHOW Ha OJHOM
HaOope MaHHBIX, U1 JaHHBIX JAPYroro Habopa MPOJEMOHTCTPUPOBAIIO CIIA00C CHUKCHHE
kauectBa (¢ 8,64% nmo 9,18%). Takum oOpa3zom, MOKHO MPEABAPUTEIHHO TOBOPUTH O
BO3MOXXHOM IIPEUMYLIECTBE IMPEAJAraeMoro Mojaxoaa B T€X CUTyallUsX, KOIrjaa JOCTYI K
HEMOCPEACTBEHHBIM JaHHBIM 3aperMCTPUPOBAHHBIX MOJIb30BATENICH OrpaHUYEH, a UMEeTCs
BO3MOYKHOCTh O0Y4YEeHHUsI HEHPOCETEBOM MO/IEH TOJIKO Ha HE3aBUCUMOM Ha0ope pedeBbIX
JAHHBIX.
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USE OF SCATTERING TRANSFORM ON DISCRETE WAVELET
DECOMPOSITION COEFFICIENTS FOR BIOMETRIC SPEAKER
VERIFICATION

Lependin A.A., Gaponov D.A., Filin Y.A., Ladygin P.S.
Altai State University, Barnaul
email: andrey.lependin@gmail.com

Abstract. In this paper authors propose a new approach for calculating of speech
signal features for the sake of speaker verification problem. A multilevel transformation
was applied to the signal, calculating the scattering coefficients based on discrete wavelet
decomposition. The resulting feature vectors were used as input data for a time-delay
neural network. On their basis, the neural network calculated the speaker identity vectors,
which were directly used for biometric verification. The proposed approach was tested on
data from the VoxCelebl and VoxCeleb2 voice sample sets. The effectiveness of the
approach was shown in comparison with existing verification methods based on deep
neural networks.

Keywords: voice verification, discrete wavelet transform, scattering transform, time-
delay neural network, speaker identity vector
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