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[Ipu ydere mpoOneMbl TOBBHIIIEHUS HAAECKHOCTH CHUCTEM pa3TPaHUYCHHUS JOCTYIA IMPENIOXKEeH
HOBBI METOJ] ¥ alTOPUTM HISHTHU(HUKAIINY Ha OCHOBE JIEMEHTApPHBIX pedeBhIX eanHUIl. Ha mx
OCHOBE IIPEJCTABJICHBI TpOrpaMMHas peaau3aius W pe3ylbTaThl IKCIEPUMEHTAIbHBIX
HCCIICIOBaHUN  pa3pabOTaHHOW MH(POPMAIIMOHHONW CHUCTEMBl B 3ajJaye HWACHTU(UKAIIUU
TIOJIE30BATENICH TI0 TOJIOCY TPHU PA3IUYHBIX YCIOBUSAX W BO3MOXKHOCTH NMPHMEHEHHUS B CHCTEMax
pa3rpaHuYeHUs JOCTYIIA.
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Abstract

Taking into account the problem of increasing the reliability of access control, the authors
propose a new method for the identification algorithm based on elementary speech units. On this
basis, the authors presented the software implementation and results of experimental studies of a
new information system aimed at solving the problem of user voice identification in various
conditions and the possibility of its application in access control systems.

Keywords: voice identification systems; access control; information protection against
unauthorized access; the phonetic analysis of the speech; the basic units of speech.

BBenenue IIpH 3aIrpocax WHQPOPMAIUN OrPaHHMYSHHOTO JIOCTYIIA
B nocrmennme romel s uaeHTH(UKAIUH mo TteiredoHy, TPH YIOPaBICHUU Pa3IUYHBIMHU
JIMYHOCTH  4YeJIOBeKa HauOoJice IMEPCIEeKTUBHBIM YCTpOMCTBaMH, B  KPUMUHAIUCTHKE ©  T.1.
CUMTAETCS MPUMEHEHHE OMOMETPHUYESCKUX TEXHOJIOTHIA [IpumMeHeHre OMOMETPUUYECKUX TEXHOJIOTHI o0agaer
[1, 2, 3, 4], ocobeHHO B cHCTEeMax pa3rpaHHYCHUS pAIOM  CYLIECTBEHHBIX  IPEUMYILIECTB  MEpPEN
JIOCTYTIA, TPU TPOBEICHUN (DMHAHCOBBIX OICPAIUiA, TPaJUIIMOHHBIMA  CPEJICTBAMU  WJICHTU(HUKAIUH,
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HampuMep HaAEKHOCTh WACHTH()HUKAINN U YIOOCTBO
HCTIIOTB30BaHMS [4].

Hawubonee LIMPOKOE NpUMEHEHNE B
OroMeTpUUYeCKON UICHTU(DUKAITIH TOTYYHITH
CIIeyIONe TapaMeTpsl  YeJoBeKa: OCOOCHHOCTH
TeOMETPUH JIMIA, OTMEYaTKW Taubla, TEOMETpHs
JaZoHN PYyK, CeT4aTka M paayxkHas o0oJouka TJasa,
TOJIOCOBBIE XapaKTEPUCTUKH, OCOOCHHOCTH TIOAIIUCH U
KJIaBUATypHbII Mom4Yepk. B  HEKOTOpBIX cCiydasx
NpHMEHEHUE OMOMETPUYECKUX XapaKTEePUCTHK
YeJI0BEKa OCJTIOXKHEHO. ['eoMeTpuu JMia CBOMCTBEHHA
HI3Kas YHHUKAJIbHOCTh, [UI aHaM3a CETYaTKh W
paykHOIM 000JIOUKH IJ1a3a TPpeOYeTCs JOPOroCTOsIIee
obopynosanue. [lapamerpam KiIaBHaTypHOTo MOAYEpKa
W TIOANMCH CBOWCTBEHHAa HW3Kas CTAOWIBHOCTD H
3aBUCHMOCTh ~ OT  OMOIIMOHAIBHOTO  COCTOSIHUS
yenmoBeKka. [Ipy TNpUMEHEHWH CKAaHEPOB OTIICYATKOB
TIAJIBIIEB ¥ TEOMETPHH JIAJIOHN PYK BO3MOYKHBI BOIIPOCHI
YHCTOTHl KOHTAKTHBIX IUIOMAJOK ¥  COONIOJCHUS
CaHUTapHBIX HOPM.

CBecT K MHUHUMYMY HEJIOCTaTKH YKa3aHHBIX
BBIIIIE METOAOB OHOMETPUYECKOW WICHTH(OUKAITUH
MOJNB30BaTeNie  MO3BOJIUT  pa3pabOTKa  HOBOTO
OECKOHTaKTHOrO  METoJla €  HCHOJIb30BaHHEM
OMOMETPHYECKIX XapaKTePUCTHK.

K  momobHomy  Meromy — OHMOMETpHYECKON
UICHTH(UKALMK T10JIb30BaTEICH HH(POPMALIUOHHBIX
CHUCTEM OTHOCHUTCS WISHTU(UKAIMS II0 TOJIOoCY,
MO3BOJISAIONIAsl  TONyYaTb W TlepenaBaTh B
YIOCTOBEPSIONINI IIEHTp OMOMETPUYECKHE JTaHHBIC
6e3 MPUMEHEHHUS CIICIMATM3UPOBAHHBIX u
JIOPOTOCTOSIINX CHEMHHUKOB OromeTpuyecKoit
uHopMaluK: JIOCTATOYHO WMETh TeneOoH WIN
MHUKPO(DOH, MOJKIIFOYEHHBIH K KOMITBIOTEDPY.

Ha nmanHBIif MOMEHT PacIpOCTPaHEHHBIM METOZOM
NPy pElIeHWH 3aJad aHaM3a W WASHTU(UKAIUHA
royoca siBisiercss OaiiecoBckuit noaxon [6]. B ocHore
MPUHIMIA JaHHOTO Metona pedeBble eauHuIbl (PE)
NPEJCTaBIAIOTCS TayCCOBOM MOJIENBI0 CHTHAJIOB U
HaOopoMm KiaccoB. HemocraTtkamMu maHHOrO Moaxoia
SIBJISICTCSI HEBBICOKAsh TOYHOCTh W HAJEXKHOCTh. Jlis
CBEJICHUST K MHHMOMY YyKa3aHHBIX HEIOCTAaTKOB
npoeccopom  CaBuenko B.B. Owppia  co3mana
uapopMarmonHas Teopusi Bocrpusitus peun (MTBP)
[5], <¢yHmameHTOM KOTOpOH CIYKHT KpUTEpHUi
MHHAMyMa  WH(OpPMAIMOHHBIX  PacCOIJIaCOBAHUIA
(MUP) [6] m xmacTepHas MOJENb PEUEBBIX EIWHHIL.
UTBP MoXHO cuUuTaTh OAHUM W3 HamOolee
PO PECCUBHBIM HaIpaBJIeHUEM pa3BuTHSL
aKyCTUYECKOU TeOpHH 3ByKa [7].

Ha naHHbIi MOMEHT CYIIECTBYET MHOXECTBO
3apyOexHbIx (Agnitio, Nuance, Voice Security
Systems) u oreuecTBeHHBIX (PeueBble TexHOMOTHH,
Ilentp peYEeBBIX TEXHOJIOTHIA) KOMITaHUH,

pa3pabaThIBAIOIINX CHCTEMBI TOJIOCOBOH OHOMETpPHH
[2, 3, 4]. B OonpmmHCTBE pa3pabOTaHHBIX CUCTEM
BEPOSITHOCTh OIIMOKM HIACHTU(QUKALMH COCTABIISAET
1-3%, HO naHHBIE pa3pabOTKU 00JaNalT PAIOM
HEZIOCTATKOB.

B  OompmMHCTBE  CyHIECTBYIOIIMX  CHCTEM
HUACHTU(UKALMKI TI0 TOJOCY OTCYTCTBYET HACTPOWKa
AJITOPUTMOB oJ H3MEHSIOIINECS YCIIOBHS
nmpuMeHeHus: (ypoBeHb Imyma, (OHEMBI  pedu
KOHKPETHOTO YeJIOBEKa, OLIMOKM WICHTU(PHUKAMUA U
T.11.), Ui OCYLIECTBICHUS HpoLeaypHI
HUAEHTU(HUKALUY UCTIONB3YETCS CIIEKTPAIbHbIN aHaIN3
BXOJTHOTO 3BYKOBOTO CHTHAaJla ¥ 3TAJOHHOTO CUTHaja,
3alMCaHHOTO B 0a3zy, TeM CaMbIM CYLIECTBYET
MIPUBSI3Ka K ATAIOHHBIM (hpazam.

IlosTomy akTyanpHOW  CTAaHOBUTCS  3ajJaya
CO3ZIaHUsI ~ HOBOTO  MeToJa M aIropurMa
WACHTU(HUKAIMKA  TOJOCOBOTO  COOOIIEHHS IO
WHIUBHIYAJIbHBIM  XapakTEpUCTHKaM Trojoca 6e3
NPE/ICTaBICHHBIX HEJIOCTATKOB, TIO3BOJISFOIIAS
IMPONU3BOAUTH TCKCTOHC3aBUCUMYTIO I/IILCHTI/I(bI/IKaIH/IIO B
YCIOBUSAX Malloi oOydaromieli BBIOOPKH, a TaKxkKe
co3laTh CUCTEMY WJICHTU(HUKAIIMKA JIUKTOPOB IO
rojocy, peam3yliollylo  JaHHyIl0  MOJelb U
MO3BOJIAIOLLEH €€ TECTUPOBATD.

O0BeKTHI M METO/ABI UCCIETOBAHUS

HoBu3Ha Merona maeHTHUKAMK 3aKITFOYaeTCs
B KJIACTEPH3AIIMH TOJOCOBBIX TAIOHOB TUKTOPA, PU
9TOM  3BYKOBOW CHTHal  CErMEHTHpYeTCs  Ha
JNIEMEHTapHbIE pedeBble eauHMIBL. Jlamee Bce
CEIMEHTHl  TIOCJIENOBATEIbHO  CPaBHHBAIOTCS  C
MOPOTOM IO JUTUTENIHHOCTH M CIIEKTPY, W B CIllydae
HEJIOCTaTOYHOW JITMHBI W HECOOTBETCTBHS CIEKTpa,
TEKyIIMH CeTMEHT OTOpachIBaeTCs, Iepexoas K
cnenyromeMy cermeHty. Ilocme otOopa Takum
00pa3oM DJJIEMEHTAPHBIX pPEYEBHIX EIWHMIl, OHHU
MIPOBEPSIIOTCS. HAa COOTBETCTBHE Y)KE€ CYIIECTBYIOLIMM
B 0a3e JaHHBIX (peiiMaM IyTeM pacueTa BEepOsTHOCTH
MHQOPMAIIMOHHOTO PACCOTIIACOBAHUS MEXIY CaMHM
CErMEHTOM M OSTaJIOHHOW peanu3anued ¢peiima.
DyeMeHTapHbIe PeYEBbIC EUHUIIBI OTHOCSTCS K TOMY
¢peiimy, THe  BEpOSTHOCTH  HMH(OPMAIMOHHOTO
paccoriiacoBaHisi MUHHMAallbHa, TIPH YCIOBHH, YTO
OHA HE TMpPEBBIIIAET  HEKOTOPOro  amnpHOPHO
YCTaHOBJIEHHOTO TOPOTra, Mocjie 3Toro (opMHUpyeTcs
KJIacTep STAJIOHOB JHMKTOpPa. B TpOTHBHOM ciydae
dbopmMupyeM  HOBBIH  (peiiM, KOTOpbBIA  Oymer
colepKaTh ~ €IUHCTBEHHBI  JJIEMEHT — 3Ty
JIIEMEHTAPHYIO PEYEBYIO C/IIHUILY.

Cxema MeTola KJIACTEPU3AINUH  T'OJOCOBBIX
ATAJIOHOB HAa OCHOBE DJIEMEHTAPHBIX PEUYEBBIX CAMHHMI
oToOpakeHa Ha pUCyHKe 1.
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Pazpaborannplii  anropuT™M — HACHTH(PUKAITAN
UCIIONB3YeT B CBOCH OCHOBE METOJ] HAKOIUICHHUS
MOJIC3HOM WHQOPMAIUK TI0 pe3yJibTaTaM CPaBHEHHS
IBYX (oHeTHYecKux 0a3 JaHHBIX: TECTHPYEMOH U
JTAJIOHHOK (TOYHEe, OXHOW W3 JTAJIOHHBIX) Ha
MHOXECTBE WX JJICMCHTAPHBIX PEUYCBBIX CIMHUIL,
Yka3aHHBIH TPUHIMIT [IUPOKO TPUMEHICTCS BO
MHOTHX CHCTEMax IpH 00paboTke WHGOpMAIIH Ha
(oHE mMOMEX, B YaCTHOCTH, B PaIHOJIOKAITHOHHBIX
cucremax. OCHOBBIBasCh Ha JaHHOM TMPHHIUIE OBbLT
pa3paboTaH HOBBII METOJl CTATUCTUYECKOTO aHAIH3a

access to information // Cemesoii xcypHan «Hayunwlii pesysemamy. 50
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I
honem JIUKTOpa IS pelieHus 3a1a4u

HAACHTU(PUKAIINH TI0 TOJIOCY.

B pamuonokaliMOHHBIX CHUCTEMax COBOKYITHOCTh
Y4aCTKOB OJHOM W TOHM K€ JAIbHOCTU B PA3IUYHBIX
AQ3UMYTATBHBIX TO3WIMSIX 30HBI 0030pa COCTaBISET
KOJIBIIO JaJbHOCTH, B KOTOPOM U TPOUCXOIUT
HaKOIUICHUE HUMITYJTECHBIX CUTHAJIOB, 4TO
COOTBETCTBYET JIOTHKE pa3paboTaHHON KIACTEPHOU
MOJIENM  PEUYEeBBIX EIWHUI, T/A€ MPHCYTCTBYET
MH(POPMALMOHHBIA IIEHTP MHOXKECTBA pealu3aluil
(oHEM IUKTOpAa W TIPEICTABIICHO WH(OPMATHBHOE
ONMCaHue CBOMCTB pEYEBOM €IMHULIBI.

CermeHTauma
CArHana

A 4

Bbibop ouepegHoro
cermeHTa

v

>

Y

Nepepacuer ®unbrpayma no
ANVNHe CermeHTa HODO‘-IE flopora
aTanoHa ¢ppeima
] JOobasnexue
HOBOrO 3TanoHa
864
LobasneHne HOBOM CpaBHeHue 3PEc 1
peanusaunm s ppeinm atanoHamu B b
MuHumansHoe UP
6onbwe nopora

Puc. 1. Cxema METO/JIa KIIaCTCPpHU3alHH I'OJIOCOBBIX 9TAJIOHOB Ha OCHOBE 3JIEMCHTAPHBIX PEUCBLIX CAUHUIL

Fig. 1. Diagram of a method of clustering voice standards-based elementary speech units

CrietoBateIbHO, ONTUMAIIBHOE TPaBHIIO
OOHapy)KeHHs CuTHaja 1o BbIOOpKe ero N
JICKPETHBIX 3HAYEHHH 3aKiIoyaercss B CpaBHEHHH
YHCNIa €UHUL B BBIOOPKE C MOPOTOBBIM YUCIOM k0.
Ecimm k>k0, TO mnpuHUMaeTcs pelleHue O TpHeMe
CUTHaJa, B TPOTHBHOM ciydae 00 €ro OTCYTCTBUH,
YTO IO JIOTUKE COOTBETCTBYET MPUHSITHIO PEILECHHUS O
NPUHAJIIEKHOCTH orpesiessieMoi (hoHeMbI
KOHKPETHOMY TUKTOPY WJIH O €€ OTBEPKEHHH.

Ha ocHoBe cOBMECTHOTO HCHOJIB30BAaHUSI METOAA
KJIaCTepH3alliy 3JIEMEHTApHBIX PEYEBBIX EIUHUI] U
MeToJa HaKoIUleHWs MH(opMmauuu Obul pa3paboTaH
HOBBIM aJalTUPOBAHHBIH aJITOPUTM HIEHTU(UKALIUU
(hoHem auKTOpA.

bnok-cxema aJIropuTMa HUACHTU(HUKALIUH,
peau3yeMoro B cpejae nporpaMmupoBaHusi Matlab,
oToOpa’keHa Ha PUCYHKE 2.

B nmanHOU cxeme names — MaccuB (peiMOB B
0aze  pmanHeX, tabulate(names) —  anropuT™m
HaxXOXKAEHHUS HamOoJee YacTo  BCTPEYAIOIIETOCs
¢peiima, ii — mepeMeHHbBIN HHAEKC (peiiMa TUKTOpa,
namespeaker — o6o3Hauenue (PHO) nukropa.

Takum oOpazoM pa3paboTaH M peaar30BaH
HOBBIA YCOBEPILIEHCTBOBAHHBII aNrOpUTM
WAGHTU(UKALMK 1O TO0JIOCY, OCHOBAaHHBIM Ha
COBMECTHOM HCIOJIb30BaHUH METOAA KIacTepH3aIliy
JIEMEHTApHBIX  pPEUeBBIX  €OWHUI] U  METoja
HaKOIUICHUsI HHPOPMALIUH.
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Haxoavm Hambonee yacto
BCTpeyatoLuerocs

pukTopa(poHemy) B maccuse
names (tabulate(names))

noka a/svHa

maccusa fon>ii

npoussoamm UUKA

Ecnn doHema B anemeHTe
maccuBa names no
MHAEKCY ii NpUHaanexuT
[AVKTOpY namespeaker

yBennymsaem Ha 1
CYETUMK POoHEM

NPOU3HECEHHbIX
OMKTOPOM

[rer 1

npubasnsem 1 kK nepemeHHoOM ii n
noBTOPAEM LKA

W /
(C BbiBOA, A@HHbIX Ha d)opMD

Puc. 2. brok-cxema airopurMa UaeHTH(GUKAIUT TUKTOPA [0 TFOJI0CY

Fig. 2. Block diagram of a voice-based speaker identification

Ha pucynke 3 wu3oOpaxeHa Oiok-cxema HUAECHTU(HUKALUHI AUKTOPOB I10 TOJIOCY.
pa3paboTaHHOI «uHQOPMAIMOHHOH CHCTEMBI
M MITY o BB

i

Puc. 3. bnok-cxema «MH(OPMALMOHHONW CHCTEMBI HICHTU(PHUKALMH JUKTOPOB 10 TOJIOCY»
Fig. 3. Block diagram of the «information system of a voice-based speaker identification»
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3mece M-—mmkpodon, BBP — 06mox BeBoma
pesynbratoB, bJ[ — 6a3a mammeix, BOJ] — OGmox
o0pabotku  mamHelx, MIIY —  MukpodoHHBIH
npeaycwiurenb, bBJ] — 6ok BBonma ganubiX, ATP —
MOJICKCTEMa aBTOMATHYECKOTO TPAaHCKPUOMPOBAHII
peUeBBIX CUTHAJIOB, nAr — noJcucTeMa
UAEHTU(HUKALUH AUKTOPOB IO TOJIOCY.

Pe3yabTaThl M X 00Cy:KIeHHE

Juia  peanmzanni  TPEAJIOKEHHOTO — ajlrOpUTMA
uaeHTUGUKauu ObUT  pa3paboTaH  JabOpaTOPHBIN
obpazerr «MC HWIAI'» [14]. Hamnas cucrema
MIPEICTABIIET COOOHM TIPOTPAMMHBIH KOMIDICKC C
pacuMpeHHbIM (PYHKIIMOHATIOM JJIsl WUACHTU(UKAINH
JIUKTOPOB. Bapuantsl MIPUMEHEHUS JIAHHOU
WHPOPMAITMOHHON CHUCTEMBI MOXXHO TIPUBECTH W3
CaMbIX pa3IUYHBIX OONacTeil. DTO MOXKET OBITh,
HampuMmep, 3a7ada HWICHTUQHUKAMKA JAUKTOpa TI0
rojocy, Kak s OTHAENBHOTO IUKTOpa, TaK W IS
TPYIIBI TUKTOPOB, B 3aBUCUMOCTH OT BO3pacTa, 1oJia,
HaIlMOHAJIBHOCTH, 3MOIMOHAJIBHOTO COCTOsSHUA. B
KayecTBE TMPHUKJIAJAHOM 3aJauyd MOXKHO IPHUBECTH
YIAICHHYIO0 UACHTUPHUKAINIO TUKTOpa MPH IIepeaade
pEUeBOro CUrHala Mo KaHajaM CBA3HM TNPU HHU3KOM
Ka4yecTBE Peud U BBICOKOM YPOBHE MTOMEX.

<) MidopMayHoHHanA CHCTEMA HABHTHBUKALWM AMKTOPOE Mo

®ain  AWKToREl  Tpynnel  MHCTPYMEHTEI  MoMowb

I[Ipu pazpabotke «MC UIAI'» Obu  ydTeHBI
tpeboBarmst T'OCT P 52633-2006  «3amura
nHpopmanuy. TexHuka 3amUTEl  WHQOPMALUH.
TpeOoBaHuss K  CPEACTBAM  BBICOKOHAJICKHOM
oumomMerprudeckord  maeHTHpukarmm»y w ['OCT
P HCO/MBK 19785-1-2008 «ABTOMaTuueckas
uaeHTuuKanus. Wnentudukanus Onomerpudeckas.
Enunas CTPYKTypa ¢dhopmaToB obmMeHa
OMOMETPpUYICCKUMH  JaHHBIME». I paboTh
HEoOXoaAUM MepPCOHATBHBIN KOMITBIOTEP c
nporteccopoM kiacca He Hmke 2000 MIm m 116
OTIEPaTUBHON TAMATH, OMNEpAaIOHHAS  CHCTEMa
Windows, cpena nporpammuposanus Matlab, a Takxe
3BYKOBas KapTa ¢ yactoroil nuckperm3ammu 8§ Kl u
BO3MOXXHOCTBIO 3alVICH 3BYKOBBIX (DaiilioB B popmare
WAV.

Unrepgeiic «MIC WUAI» coctoutr u3 TriaBHOU
(opMBI, B KOTOpOH OTOOpaXKarOTCS  ITUKTOPEHI,
BHECEHHbIE B 0a3y /MJaHHBIX. B JaHHOM MeHO
BO3MOYKEH BBIOOP PEKUM pabOTEI, 3arpy3Ka 3ByKOBOTO
(haiiyia, coxpaHEHUE W TIOCIEAYIOIIEEe OTOOPaKCHUSI
manHbIXx. OOmmi Bux wHTEepdeiica TOKa3aH Ha
pUCYHKeE 4.

=1o1x]

CNMCOK AMKTOROE

CRacHBIE MOM K AHLDKC WK
Mpeynna 306 MEB

AWkTop 1 _TecT 1

AukTop 1_Tect 2

JWKTOR 2_TecT 1

JMETOR 2_TecT 2

u - P

— KanmbpoEeka 36 yKOEORA K8RTE! M MMKpOGoHS

CTapT

HMHbopMaLrA o AMKTORE

Man  raymckol
Bospact 26
PendoH Hixeropogckad ofnacTe

112

= Hwcno doHem
B

(

3anuce ofpasua ronoca grETops —

CTapT |

Puc. 4. Nnrepdeiic «uHPOpMannoOHHOI CUCTEMbI HASHTU(DUKAINY JUKTOPOB II0 TOJIOCY»

Fig. 4. Interface of the «information system of a voice-based speaker identification»

B mpencraBieHHOM OkHE HMH()OPMAIMOHHOM
CUCTEMBI OTOOPaXKAIOTCsI IMKTOPHI, BHECEHHBIE B 0a3y

naHHbIX. Ilpu  BbIOOpe  OMKTOpa W3 CIHCKa
oroOpaxkaercsi  Kparkas  WHpopMmanus  JaHHOM
YeJIoBeKe.

Ha pucynake 5 w30o0pakeH TJaBHBIH paszmen
HHPOPMALMOHHOM CHCTEMB, B KOTOPOM
OCYIIECTBIISIETCSI [IOCIIEA0BATENEHOE
CETMCHTHUPOBAHUE 3BYKOBOI'O CHUI'HAJIa, BBIACJICHUC
(donem TUKTOpa u ero TOCIIeyIoIast
UICHTU(UKAIINS.
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Fig. 5. Interface section «Identification»

s BBOma 3ByKOBOro (paiiia HCCIETyeMOro
JIMKTOpa BeIOMpaeTcss MeHr0 "Curnan"->"3arpy3uTs".
3arpyKeHHbI 3BYKOBOM (haill HEM3BECTHOrO HaM
JIMKTOpa OTOOpaXkaeTcsi B BHJEC 3BYKOBOH JOPOIKKH.
[lanee 3ByKOBO# (haiii pa3OMBAETCS Ha ONPECIICHHOS
KOJTMYEeCTBO (peiiMOB, Ui 3TOr0 HEOOXOIUMO B
MeHI0 «CerMeHTHpOBaHre» BEIOpaTh «CTapTy.

Ilocme Toro kak 3ByKOBOW (haiim pa3Our Ha
(hpeiimbl, HaMm HEO00XOMMO YCTaHOBHTh
NPHHATISKHOCTD 3alIMCAHHOTO B TAaHHOM (haiiie roioca
TOMYy WIM HWHOMY JuKTOpy. Jlisi storo B MeHio
«WnenTndukanyisyy HaxumaeM KHOMKY «CtapT», mpu
9TOM TPOUCXOJUT TOACYET BceX (QpeiiMoB M 0
HanOosnee dacto moBTOpstonmMcs (He Mmernee 60%),
HAa3BaHHBIM B COOTBETCTBHM C WMEHEM JIUKTOpA,
NPUHAMAETCS PEICHUE O MPHHAJIKHOCTH JAHHOTO
rojioca KOHKPETHOMY JMKTOpY. DpeiiMbl 3aBeoMo
HEU3BECTHOTO JIMKTOpPa CPaBHUBAIOTCA C (perimMamu

Pa3IMYHBIX JUKTOPOB, 3aHECEHHBIX B (DOHETHUYECKYIO
0a3y JTaHHBIX.

TectupoBanue «MC UJI» mnpoBomuinocs B
COOTBETCTBHM C TIPaBHJIaMHM TECTHPOBAHHS CHCTEM
WJICHTU(UKAIMY, YCTAHOBJICHHBIMH B  CTaHAapTe
HNCO/MBK 19795-1-2007 «ABTOMaTHYECKas
nreaTuukamms. WpeHtndukamms OnomeTpuyecKast.
OKCIUTyaTalMOHHBIE ~ WCIBITAHWA W IPOTOKOJIBI
ucnbitannii B Owomerpun. Yacte 1. [lpuHimmel u
CTPYyKTypa». B COOTBETCTBHM € NaHHBIM CTaHAAPTOM
HEOOXOIMMO MPOBOJNTH MCTBITAHUS B 3aBUCHMOCTH OT
BO3PACTHBIX, TE€HJIEPHBIX, (MBUONIOrMYECKHX,
SMOLMOHAIBHBIX COCTOSIHUM UCITBITYEMOM I'PYIIIIBIL.

IIporpaMma  3KCHEpUMEHTAIBHBIX — MCIBITAHUI
MH(POPMAIIMOHHON CHCTEMBI HICHTH(HKAIIUH JTNKTOPOB
TI0 TOJIOCY, TIPOBEAEHHBIX B COOTBETCTBUH C ONHMCAHHOM
BBIIIIEe CXEMOH, TipuBeieHa B Tabmmre 1 [8-13].

Tabnuya 1

HporpaMMa IKCNICPUMEHTAIBHBIX MCNbITAHUI HHq)OpMal[PIOHHOfI CUCTEMBI I/II[eHTI/l(l)I/IKaI[I/II/I AUKTOPOB 1O roJiocy

Table 1

The program of experimental tests of the information system of a voice-based speaker identification

Ne HazspaHue skcneprMenTa

[IporpamMmma 1 METOJIMKH MCCIIEIOBAaHUN

Nel | BrisBnenue pa3nuuns GOHEM TUKTOPOB
JUIS TIPOLIEYPBI MICHTU(DUKALIIH

3anucansl oTHeNbHBIE (oHEMBI |0 TUKTOPOB, TPOU3BEACH aHAIN3 U
cerMeHTanus (hoHEM, Ipon3BeAeHa HACHTUDUKALUS (POHEM KOHKPETHOTO

JUKTOpa U3 obImiei 0a3bl poHeM

Ne2 | BrlsiBieHue pa3inudus B IPOU3HOMICHUH | 3aIlCaHbI CJIOBA C IPKO BBIpaKeHHBIMH (hoHeMamu 10 TUKTOPOB, IPOU3BEACH
JUKTOPOB JJIS IPOBEICHUS IPOLCAYPHl | aHAIHM3 W CETMEHTAIIH CJIOB, POU3BEICHA UICHTH(DHUKANNS KOHKPETHOTO
WICHTU(HKAIINY 110 OTACIBHBIM (ppa3am | TUKTOpa 3 o0IIel 0a3bl 3aMCaHHBIX KOHTPOJIBHBIX (bpa3

Ne3 | IIpoBeneHHs TEKCTOHE3aBUCUMOMN 3anucanbl 10 JUKTOPOB B peKUME HENMPEPHIBHOI'O MOHOJIOTA, CO3/IaHa 00mIas
UICHTU(PHUKAIINN JUKTOPOB I10 0a3za peun TUKTOPOB, IPOU3BEICHA UACHTU(PUKAIMS JUKTOPA IO 3aIHCAHHON B
HENpEepbIBHON peuu peXnuMe OHJIAH CIIMTHON PYCCKOM pedn (MpeIo)KeHus, 3alliCaHHbIe B 6a3y,

OTIIMYAIOTCS OT MPOU3HOCHMBIX OHJIAKH)
Ned4 | OmpeneneHre HAMOHATIHHOCTH AUKTOpa| 3amucansl 10 TUKTOPOB Pa3HOM HAIIMOHATBEHOCTH, IPH 3AIHCH JUKTOPHI

MIPH MIPOBEJICHUH TPOIICTYPhI
uaeHTH(DHUKAITIT

TOBOPHIIM B PEKMME MOHOJIOI'a HA CBOEM POHOM SI3bIKE (HEMEIIKHIA,
azepOailKaHCKUH, aHTIMUCKUH, apaOCKHid, UCTIAHCKUH, HTabHCKUH,
KHTaWCKWi, (PpaHIly3CKUH, YEIICKHMA, PYCCKHI), co3/laHa 6a3a TUKTOPOB,
MIPOM3BEICHA MPOLEAYypa NIACHTH()UKAINH, BEISBICHB! OTIHYHS (DOHEM
JIUKTOPOB Pa3HBIX HAIIMOHAIBHOCTEH.
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Ne5 | Ompenenenue BnusiHUS pu3ndeckoro M | 3amucaHbl 4 TUKTOpa B Pe)KUME MOHOJIOTA, 1-51 3aMCh MPOBE/CHA B
9MOLMOHAIBEHOTO COCTOSHUS JUKTOPOB | YCTOWYMBOM COCTOSIHHH, 2-51 3aIIUCh NPOBOAMIIACK TTOCiE (U3. HArpy3KHU U B
Ha TIpoIecc HACHTH(PUKAINN COCTOSIHWH cTpecca, co3aaHa 0aza (poHEeM ITUKTOPOB, IPH HACHTU(UKAIIH
BBISBJICHO OTIMYHE GOHEM TUKTOPOB B 3aBUCHMOCTH OT SMOILIMOHAIIBHOTO
COCTOSIHHS

Ne6 | UccrenoBanue BEpOSTHOCTH 3ammcano 5 GOHOTrpaMM M3BECTHBIX TUKTOPOB B pEXXMME MOHOJIOTa, 1 -5
MIPaBUIBHOHN WIACHTUDHUKAIINA IPH 3aMuch IPOBEJIcHa Ha OOBIYHBIN MUKPO(OH Oe3 TPUMEHEHUSI CTOPOHHUX
HCTIONIb30BaHUU TEXHOJIOTHH MporpamMM, 2-s1 3aIHCh IPOBOJHIACEH C IPUBIICUCHUEM «I1apPOIMCTOB) IOI0Cca U
KJIOHMPOBAHUS M TAPOAUPOBAHUS PEYH | MPUMEHEHHEM CIIEINATU3MPOBAHHBIX MPOTPaMM KJIOHHPOBAHHMS T0JI0Ca

(voice changing) st MonuduKauu Morphvox u Voice changer, npon3BezieHa momsiTka Mogu(UKaIMy rojoca
«TOJ/ICNIKM» TOJIOCA TUKTOPA. MEpPBOTO TUKTOpA VISl KIOAJEIKI» Toj0ca BTOPOro AUKTOpa, co3/1aHa 6aza
(hoHEM IMKTOPOB, ITPU UIACHTH(UKAIIMN BBISBICHO OTIMYHE (POHEM JTUKTOPOB
B 3aBHCUMOCTH OT OKHBOTO» H «IIOJIJICIAHHOTO» T0JIOCA , TIPOLIEHT
pacro3HaHHBIX (POHEM ITO3BOJISIET ONPEAETHUTH PEATBHOTO TUKTOPA OT €ro
KJIOHA

Takum o6pazom, cranmapt UCO/MOK 19795-1
6I>IH aalTUpOBaH o4 HUCIIBITAaHUA CHUCTEM
UICHTU(HUKALIIH YEJIOBEKa 110 PEYEBOMY CHTHATY.

Tak ke Mo pe3yiabprataM SKCIEPHMEHTa CleNaH

[IPOTPAaMMHBIX ~ KOMIUIEKCaX HICHTUQUKAMUA IO
roJ0Cy POCCUHCKUX MPOU3BOJUTENEH, Cpeld KOTOPBIX
cucremMa «VoiceKey» - OOO «lleHTp peueBbIx
texHosorui», cucteMa «MKAP JIao» — OO0 «Lentp

BBIBOJI, 4TO npu YBEJIMYCHUU qucia peueBbix TexHonoruiiy», GritTec Speaker-ID — OO0
UICHTH(DUIIUPYEMBIX JIUKTOPOB KayeCTBO “I'purTex”.
HHGHTHq)PIKaLIPIPI HE CHHXACTICA, B CBA3M C 4YEM B B T1abmume 2 MPEJICTABICHO  CpaBHEHUE
paspaboTaHHONW ~ MH(MOPMALMOHHON — CHUCTEME  HET moKaszaTesiell IpOoTrpaMMHO-aMNIapaTHBIX KOMITIEKCOB
SBHOT'O OT'paHUYCHUA Ha KOJIUYCCTBO MOJIB30BaTENCH. I/II[GHTI/I(I)I/IKB.LII/II/I 10 roJIocy pOCCHﬁCKHX
HpCI[CTaBJ'ICHHLIC BBIIIC SKCTICPUMEHTBI IPOU3BOANTE JICH.

npoBeneHsl B paspadoranHoit «MIC UJAI» u B
AHAJIOTUYHBIX MIPOTPaMMHO-ANIIAPATHBIX U

Tabauya 2

CpaBHeHMe OKa3aTe/iell IPOrPaMMHO-ANNAPATHBIX KOMILIEKCOB MIEHTH(UKALUM 110 T0J10CY
POCCUIICKUX NPOU3BOAUTE el

Table 2
Comparison of software and hardware systems of voice-based identification produced by Russian manufacturers
Cuctema uieHTHpuIaLH «KAP Jla6» |  «MC WD «Voice «GTS-ID»
[TapameTpbl IPOBEPKH CHCTEMBI Key»
EER (Equal Error Rate) - BeposTHOCT OIIIOOK
OMOMETpHYECKON CHCTEMBI I0CTyTa, Ipu KoTopoM FAR u 1.1-2.6% 1.1-2.86% 2-3.3% 4.1%
FRR paBnbl
OTka3 B peructpanuu 1% 2% 4% ~0%

FAR (False Acceptance Rate) — BeposSTHOCTB JI0)KHOTO
HOPUHATHS. BEpOATHOCTD NPUHATHS «UyXKOr0» JUKTOPA 3a 1,2% 0.5% 2.5% 4%
«cBoeroy (ommubKka BTOPOro posa)

FRR (False Rejection Rate) — BEposITHOCTB JIOKHOTO
OTKJIOHEHUs. BepOosSTHOCTb OTKIIOHEHUS «CBOETO»

0.001% 0.25% 0.1% 0.4%
JUKTOPA, IPUHSB €r0 32 «IYyXK0ro» (OImoKa mepBoro
poza)
OueHp
CTOMMOCTH CHCTEMBEI Huskas Bricokas Bricokas
BBICOKas

IlpoBenss aHaNMM3 TONYYCHHBIX PE3yJILTATOB,
MOJKHO CJIeJIaTh BBIBOJI, YTO pa3pa0OTaHHAs B paMKax
nuccepraioHHbix uccnenopanuit «MIC U umeer
pAn  TOpeuMYILECTB HaJ CUCTEeMaMU aHaJOTaMH,
MOKa3aB HU3KYI0 BEPOSTHOCTH OIMMOOK TIPH PaBHBIX
3HayeHusix FAR wu FRR, HeOombpmo#i mpomeHT

OMMOOK TMpPHU PETHCTPAIMH, HHU3KYIO BEPOSTHOCTh
noxuoro npurATHS (FAR), HO mipu atom «MC W
yCTynaeT aHajloram IO IIOKa3aTelsiM BEpOATHOCTH
JIOXKHOTO OTKJIOHEHHUS (FRR). ANTOpUTMBI
uneatudukarmm «MC WA» BO3MOXKHO BHEIPHUTH B
CYIIECTBYIOIE CHCTEMBI IJISI pasrpaHUUYCHUs IpaB
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JIOCTyna K KOpPIIOpaTWBHBIM pecypcaM B CETH U B
Tene(OHHOM KaHale B PEXXHUME PEabHOIO BPEMEHHU.

«MIC UAT'» MOXKET BBICTyNaTh CaMOCTOSATENBHO
WIN JONOJHATh UMEIOINECS CUCTEMBI Pa3TPaHUUEHHUS
Jocryna.  Mcmnonp3oBaHMe — CepBHUCA  IO3BOJIAET
UCKIIIOYUTDH CIy4aud HECAaHKIMOHHMPOBAHHOIO JOCTYMa
K pecypcaM, BO3HHUKAIOIIME B CIy4ae YTepH, KpaxH,
nepenayn 0OBIYHOTO CHUMBOJIBHOTO TIapoIst
(BBOOMMOTO C KiIaBHATypel Kommbiotepa), HID
(Proximity) RFID «kaptsl, hasp-xmoya u T1.1., B
OTIWYME OT TroJ0ca, KOTOPBIM BCETHA OCTAETCS Yy
MOJIb30BATEIS CHCTEMBI.

Tectoean dpasa
—_—

0

Hoctyn / Otkas

@

N\ MukpodioH 1

ObpaboTka ronoca

CBEpKa thoHem
¢ Bazoit gaHHbIX

5

ANropuT™ pa3rpaHHYeHUs JIOCTYTIa
MpEeTyCMaTPUBACT  HAMYME HECKOJNBKAX  3TaloB
pabothl MHpOpMAIMOHHON cucTembl. Ha 1-m a3rame
MPOUCXOIUT 3aMCh ATAJIOHHOTO TOJIOCa TUKTOPA, a Ha
2-M - cpaBHEHHE MPOU3HECEHHOTO TOJIOCA C ATATIOHOM.
B cranpmapTHRIX = anropuT™Max — WACHTH(UKAIUU
CYIIECCTBYET CJICAYIOIIUA HEJIOCTATOK: HAPYIIUTEIb
MOXKET 3alHcaTh Ha JAUKTO(POH 3TAJOHHOE TOJIOCOBOE
COOOIIIEeHHE, a Janee TMOMYYUTh JOCTYI BOCIIPOU3BEIS
JAHHYIO  3amuch. Jlos  WCKIIFOUCHMs  JaHHOTO
HEJIOCTaTKa TIpe/yiaraeTcsi CICAYIONMHA — alropuT™
paboOTBI CHCTEMBI Pa3TpaHUIECHUS JOCTYIIA, PUCYHOK 6.

——— e —————————— -

Puc. 6. Anroputm paboThl CUCTEMBI pa3rpaHUYEHHs IOCTYIIA 110 TOJIOCY
Fig. 6. Algorithm of the system of voice verification access control

Ha 1-m »rame 3amuchIBalOTCI HE CBSA3aHHBIE
MEXAy COOOH KOPOTKHE TOJIOCOBBIE COOOIIECHHS B
BUJIE OTHENILHBIX CIIOB (CYIECTBUTENILHOE, TJIarodi,
npuiiaraTenbHOe, HapUMEp, «MaMa MbUIa pamy»). B
anropurMme moj nuppoit 1 0003HaYeH MUKPOQOH, 2 —
KaHaj CBSI3U, 3 - aHaoro-u@poBoi
npeoOpa3zoBareib, 4 — 3alIOMUHAIONIEE YCTPOMCTBO.
Ha 2-m stane mHdopmaumoHHas cucTeMa BbIOMpaeT
HECKOJBKO 3allMCaHHBbIX JUKTOPOM 3BYKOBBIX
COOOILEHNI U MPEAOCTaBISET AUKTOPY BO3MOXKHOCTh
B BBIOPaHHOM TOpS/IKE MPOM3HECTH JaHHBIE CIIOBA C
yKa3aHHEeM TEeKCTa B OKHE cucTeMbl. JIuKTOp
NPOU3HOCUT JaHHbIE CJIOBa [UI IOCIEIYyIOLIEro
aHaIN3a B YCTPOMCTBE aHauu3a JaHHbIX — 5. [lanee
YCTPOWCTBO  WAEHTUHUKALIMK — 6, BBINOJHAET
NpoLEeNypy aHaM3a W TIOJCYETa TOBTOPSIOMINXCS
(oHEM IUKTOpa, BBHIIOJHIET MPOBEPKY COAEPKAHUS
pacro3HaHHbIX ~ (OHEM B COOTBETCTBHM  C
NpOM3HECEHHBIM  cioBoM.  Ilpu  Haumbonbliem
COOTBETCTBHM (DOHEM OIPEICIIEHHOMY JUKTOPY (HE
menee 60%) M COBHAaJEHUH NMPOM3HECEHHBIX CJIOB CO
CJIOBaMH B OKHE€ CHUCTEMBI, IPUHHUMACTCA PEIICHUE O
NPEeI0CTaBICHUH AOCTYIIa MOJIb30BATEIIO.

Hanee oneHuMm 3¢QeKTHBHOCTD TMPEATI0KEHHOM
cxembl upeHtudukanuu. [lycte mpu 3amucu Qonem
ucrionb3yercst N ¢pa3. [Ipu upeHTHOUKANNE TOJIOC

IUKTopa (opMupyeTcs U3 N J3TaloHOB. Toraa
KOITMUeCTBO JoHeM JuKTopa K OyneT paBHO:
K=N" 1

Ecnun  Hapymmrens 3amucan  [IPOM3HOIICHHUE
IUKTOpa, TO TPU TMOMNBITKE B3JIOMA, BEPOATHOCTH P
TOTO, YTO 3allMCaHHOE MM COOOIEHHE COBMAAET C
3alpaliiBaeMbIM CUCTEMOH HIeHTH(UKaU Oyner
paBHa:

! 2
Nn

Hwxe npuseneHa Tabmuma 3 BeposTHOCTEH P,
paccuMTaHHBIX B COOTBETCTBUE C (opmylnoi (2) s
3HaueHUd N u n. Ilo ropu3oHTaIM pPacIoIOKEHBI
3HaueHus1 N, a MO BEPTUKAIN — K, Ha NEPECcCeUeHUH
CTodlla M CTPOKHM — COOTBETCTBYIOIIAS UM
BEPOSITHOCTD P.

P=

Tabruya 3
BepositHoCcTH P, paccuMTaHHBbIE JJISl HEKOTOPBIX
3HaYeHHit N u n

Table 3
The probabilities of P calculated for certain values
of Nand n

nN| 5 10 15 20 25

1] 02 0,1 0,07 0,05 0,04

2| 0,04 0,01 0,004 0,25x102 | 0,16x10

3| 0,008 [0,1x102| 0,0003 |0,125x107| 0,64x10"*

4 [0,0016 | 0,1x107° | 1,98x10° | 6,25x10° | 0,256x10
5 10,00032|0,1x10%]1,3169x10°| 3,125x10°7 [0,1024x10°°

Kak BumHO M3 TabnMIel, BEpOSTHOCTH P Maina,
IMO3TOMY BEPOSATHOCTH B3JIOMa CHCTEMBI, JaXKe, €CITH
HapyIIUTENI0 VyAAIOCh TOACTYIIaTh W  3alHcaTh
MIPOU3HOIICHUE (Hpa3bl, TAKKE MaJa.
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3akiouenne

HoBu3Ha W WHHOBAIMOHHOCTH Pa3pabOTaHHOTO
MeTo/la WACHTHU(UKALMK 10 TOJOCY 3aKIII0YaeTcs B
HE3aBHCHMOCTH  OT  $53bIKa,  HAIMOHAJIBHOCTH,
BO3pacTa, T10Jla, 3MOIMOHAIBHOTO COCTOSIHUS U
310poBbs uKTopa. [ maeHtHdukanuu Tpedyercs
naponbHas (paza IIMHOH Bcero 3-5 CeKyHI, YTO
MO3BOJSIET CYNICCTBEHHO OSKOHOMHUTH BpeMsl TpH
NPOXOKJICHUM 3TON MpPOLEAYPHl U TOTHOCTHIO €€
AaBTOMATH3UPOBaTh.  JI[MHAMHYECKH  MCHSIOLIASCS
naponbHas (pasza, KOTOPYIO IpeIIararoT MPOU3HECTH
TIOJTE30BATEITIO (Hanpumep, OIIpE/ICTICHHYTO
MOCJICI0BATEILHOCTh LU(P) TO3BOJIAET HAIACKHOCTD
CHUCTEM pasrpaHn4CcHusd A0CTyna u 3alllUThI

WHPOPMAITUH.

[Tomy4eHHsle pe3yibTaThl NPUMEHHMBI KaK B
CHCTEMAxX 3aIIUTEI uHpopManum oT
HECaHKIIMOHUPOBAHHOTO JIOCTyTIa [15],
HCIIONIB3YIOIIHE apameTpsl roioca Ut

UISHTU(HKALMK TI0Jb30BaTeeH, TaKk U B CHUCTEMax
pasrpaHUYeHUs] JOCTYNa B MOMEIICHUSI C TOJOCOBOH
WICHTH(PHUKALINEH. PazpaboTtannbrit ANTOPUTM
UICHTUPHUKALMM TaK € MOXHO TIPUMEHATh B
cUCTeMaxX KPUMHHAIUCTHUECKOH  ((OHETHUYECKOi)
SKCHEPTHU3HI, UCTIONB3YIOIINX B KauecTBe
JIOKa3aTeIbHOI 0a3bl roJI0C MOJ03PEeBaeMOro.
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