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Ha naHHBIE MOMEHT OCHOBHBIM CPEICTBOM KOHTDOJS JOCTYyHa SIBISIOTCS MPOIYCKHBIE ITyHKTBI, 00OpYIOBaHHBIC
Pa3IMYHBIMH CPEACTBAMHU KOHTPOIS focTyna. Ho GOMBIIMHCTBO U3 CPENCTB KOHTPOIS JOCTYIIA UMEIOT BHICOKYIO LICHY.
[Iprdem Oomplnas 4acTb PacXofOB NMPUXOANUTHCSA Ha BBIICICHHE IEPCOHANBHOTO CPEICTBA HACHTH(UKALNN KAXKIOMY
MOJIb30BAaTEN0. PelienreM TaHHOW MpOOJIeMbl MOXKET CTaTh rojocoBas uiaeHTHduKanus. Vcnons3oBanue GHOMeTpUn
MO3BOJISIET OTKA3aThCsi OT YHMIIOB U KapT JOCTYINA, MCKIIOYUTH MOTEPIO CPENCTBA MACHTH(UKALUU M €ro Kpaxy. A
UCIIOJIb30BAHUE TOJI0Ca TIO3BOJIUT OTKA3aThCs OT JIOPOTOCTOSAIIET0 000PYIOBAHUS JUIsl CYUTHIBAHUS JAHHBIX.
KaroueBble cj10Ba: TOI0COBas HICHTU(DHUKALMS; ONOMETPHS; KOHTPOJIb TOCTYyIIA.

BBenenune

B Hacrosimee Bpewms, rojocoBasi HICHTH(UKAIHMS,
Kak ¥ OMOMeTpHs B IEJIOM, YK€ MOJy4Hia IIHPOKOe
pacopoctpanenue. Camplii  OpocTOl | mpumep
CKaHephl OTIEYaTKOB MajblIeB, YCTAHOBIEHHBIE MOYTU
Ha KQ)XJJOM HOyTOYKe.

Buomerpus mpenmonaraeT CHCTEMY Pacro3HaBaHUS
monelt To oHOW wiM  Oosee  (QHU3NYECKHUX WM
MOBEJICHYCCKUX dYepT. B obOmacté wHOOpMAIIMOHHBIX
TEXHOJIOTHH OMOMETpHUYeCKHe JTaHHbIE HCIIOIb3YIOTCS B
kadecTBe (OpMBI  YIpaBIEHHUS HICHTH(DUKATOPAMHU
JIOCTyTa U KOHTPOJIsi JocTyna. Taxke OnoMeTpruuecKkuit
aHaJIN3 MCTIONB3YeTCs IS BBISBICHUS JIIOAEH, KOTOpPHIE
HaxoasATcs moj HaOmromenueM [1] . Tak xe GrHoMeTpus
MpelycMaTpUBAET U MOBeIeHYeCKU aHanu3 o0bekTa. K
HHUM OTHOCSITCS] X0/150a, KECTHI U T.II.

IIpouecc  aBTOpM3anmuM, NOpU  HCIOIb30BAHUU
OwomerpuM, JI0BONbHO  mpoct. Ilpm  momommm
YCTPOMCTBA, NPEAHA3HAUEHHOIO JUIl MOIYy4eHUs TOH
WIK HHON XapaKTepUCTUKU, CKAHUPYIOTCA TEKYyIIHe
JAaHHbIC WICHTH(GUIUPYEMOTO ¥ CpPaBHUBAIOTCA C
IMOJYYECHHBIMHU  paHEC JTaHHBIMHU. BI/IOMeTpI/I'-IeCKI/IC
CHCTEMBI HMMEIOT PSAX CEPHE3HBIX IPEUMYIIECTB.
OMOMETpHSI MCIOJIB3YET CBOMCTBA YEIOBEUECKOTO Tena
W ero TOBeIEHHe, 4YTO JeNlaeT »dSTH JaHHBIE
YHUKAJBbHBIMA (TSI TOTO, YTOOBI, IPH TTOMOIIU CBOETO
COOCTBEHHOTO ~OTIIeYaTKa MaJblEB, IPEJOCTaBUTh
yyXOll OTIEYaTOK Manblia WIH CAETATh PaayKHYIO
000JIOYKY CBOEro Iila3a HMOXOKEH Ha YbIO-TO JPYTyIO
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TPEBGYIOTCS TOBOJIBHO PEIKHE M CIOJKHBIC TEXHOJIOTUH);
B OTIHYKE OT OyMa)KHBIX HACHTH(PHUKATOPOB (IACmopT,
BOJIMTENIBCKHE TMPaBa, YIOCTOBEPEHHE JIHUYHOCTH), OT
0apoiisl WM MEePCOHANBHOTO HICHTU(HUKAIIMOHHOTO
Homepa ([TMH), GuomeTpuueckne XapaKTEpHUCTHKUA HE
MOTYT OBITh TOMBEPTHYTHl Kpaxe, HE MOTYT OBITh
yTepsiHbl WK 3a0bIThl. JIOBONBHO IIMTEIBHOE BpEMst
OTIIEYaTKH TaJbIICB HCIIONB3YIOTCS TSt
UICHTU(QHUKAIIMK TPECTYIIHUKOB M PEIOTBPAIICHUS
BOPOBCTBAa HIIM MOLICHHHYECTBA. HeEKOTOpble IOIM
YMEIOT UMHUTHPOBATh T0JI0Ca, HO, 3TO TpeGyeT 0COOBIX
HABBIKOB, KOTOpBIE HE YaCTO [OBCTpeYacllb B
OOBIJICHHOM XHU3HH [2)].

1. IpuHUIMT T0JI0COBOI HAEeHTH(PUKAIUT

CaMm mpomecc TOJOCOBOM HIACHTU(GUKAIMM HE
TpeboBaTeNeH K pecypcaM, M COCTOUT U3 IABYX ITAIlOB.
CriepBa, HEOOXOAMMO TOJIYYHTH TOJOCOBOH OTIIEUATOK
MOJIB30BaTeNs M MpeoOpa3oBaTh K BUAY, B KOTOPOM €ro
MOXHO OyIeT CpaBHHTh C JPYTUMH. BTOpBIM IIarom
SBIISICTCS.  CPAaBHCHHE TOJIOCOBBIX OTIIEYAaTKOB TIPH
MOMOIIH 00yYEeHHOW HEHPOHHOU ceTh. i1 peanu3zanuu
mporecca npeodpa3zoBaHusl HEOOXOMUMO TPOU3BECTH
OIpeIeNICHHbIN OPAJIOK TeHCTBUM.

IIpn momomm MuKpohOHA TOITydaeTcss 3aruch
royioca HASHTUPUITUPYEMOTO U OTmpaBisieTcss Ha OBM.
Hamnbonee ontumansHBIM siBiIsercss moimydenne WAV
(haiina, B BUAY MPOCTOTHI pPAOOTHI C HUM.

HEOOXO0IUMO
HA  KaJpbl

INony4ennyo
pasfenuTh Ha

3aI1Ch
KaJpBI.

rojioca
Paznenenue



nmpencraBieHo Ha pucynke 1. JlaHHOe JeicTBHe
HeoOXoaUMO ISt OoJiee IPOCTOM pabOTHI C 3aMCaHHOM
3BYKOBOH JOPOKKOM.

Z[anee BCC BBIYHCIICHUA 6yZ[yT MMpOU3BOAUTCA C
KaXXIbIM KaIpOM B OTACIIbHOCTH.

_

i N N
" »

Pucynok 1 — I'paduk 3BykoBOi BOJIHBI

CrenyromuM  3TaloM  SBISETCS  yCTpaHEHHe
HEXXENaTeIBHBIX dPPEKTOB U MIYMOB. DTO HEOOXOIUMO
JUISL TOTO, YTOOBI 3aIHMCH, MTOJy4YEHHbIE B pa3HOE, BpeMs

COOTBETCTBOBAJIM  JIPYT  JpPYry  HE3aBHCUMO  OT
cTopoHHHX  (hakTopoB.  CyIIecTByeT  MHOXECTBO
Croco0o0B, MpHU MOMOIIY KOTOPHIX MOXHO YMEHBUIUThH
mymoBble  3QdeKTh. MHOI0O  HCIHOJIB30BAJIOCH

YMHOXKEGHHE KaXKAOTo Kaapa Ha O0COOyl BECOMYIO
¢yrknuio "OkHO XeMMuHTa":

2m
N — )-

rae N — TOPSIIKOBBIA HOMEp dJIEMEHTa B Kajape, Ul
KOTOpPOTO  BBIUMCISIETCS ~ HOBOE  3HAYCHHE
aAMIUTATYIBI,
N — anuHa kaapa (KOJIHYECTBO 3HAYCHHIN CHTHAIA,
H3MEPEHHbIX 38 TIEPUON).

w(n) = 0.53836— 046164* cos( W

[Tonyuennsle  Kaapbl — mpeoOpasyercs | B HX
YaCTOTHYIO XapaKTEPUCTHUKY IIPH ITOMOIIH IIPOTOHKHU
yepes "breictpoe [IpeodpazoBanmne Dypoe':

27

szzz(;)(qe_Nm

rme N — mmiHa Kaapa (KOJIMYECTBO 3HAYEHHWN CHTHAA,
H3MEPEHHbIX 32 [IEPUO),
XN — aMIUIUTYa N-TO CUTHAJIA,
XK — N-KOMIUTEKCHBIX. aMILTUTYA CHHYCOHIAJIbHBIX
CHTHAJIOB, CIIaralonX NCXOIHBIH CHTHAIL.

@

Ha CCFOZ[HSIH.IHI/Iﬁ JACHb HanOolee yCIieIHbBIMHA

SIBJISTIOTCS CHUCTEMBI pacIio3HaBaHus roJoca,
WCTIONB3YIOMKE 3HaHUA 00 YCTPOHCTBE CIyXOBOTO
ammapara. OHu 0a3upyloTcs Ha TOM, 4YTO YXO
UHTEPIPETUPYET  3BYKM  HE  JIMHEHlHO, a B
norapupmudeckoM Macumrabe. B BuAy  JaHHBIX
0COOEHHOCTEH HEOOXOAMMO TIPUBECTH YaCTOTHYIO
XapaKTEepUCTUKY  KaXIOro  Kaapa K  «MeJam.

3aBUCHMOCTH MPEZCTaBIIeHa Ha PUCYHKE 2.
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Pucynok 2 — I'paduik 3aBUCHMOCTH BBICOTHI 3BYKa (B Meliax) OT ero
YaCTOTHI

I[J'ISI nepexoga K «MeID» XapaKTCPUCTUKE
HUCIIOIB3YETCS CIIEAYIONIasi 3aBUCUMOCTD.

f
m=1127]0Q @+-—). ®3)
ge 700
IJe M— 9acToTa B Menax,

f — yactora B repuax.

D10 mocnenHee JeWCTBHE, HEOOXOOUMOE ISt
HOCIEAYIOLIETO npeobpa3oBaHue B BEKTOP
XapaKTEePUCTHUKH, KOTOPBIH, BIIOCJIC/ICTBUH,
CpaBHMBaeTCs C 0a30d TOJOCOBBIX 3amuceld. Bekrop
Oynmer COCTOSITh u3 MeJI-KeTICTPaIbHbIX
KOO((UIIMEHTOB, MONYyYUTh KOTOPBIE MOXHO IO
crenyronen popmye:

& 1
V4
C,= 2. (log S)Ink-7) 1. )
a 2K

rme CN — MEN-KeICTPadbHBIH KO3(pUIHUEHT TOX
HOMEpPOM N,
XK — amrututyza K-ro 3Ha4eHus B KaJpe B Melax,
K — Hamepex 3aJaHHOE KOJHYECTBO MeEIl-

KeTCTpajbHbIX Kod¢hdurmentos NE [1,K].

ITomy4eHHBIH BEKTOp XapaKTePUCTHUK T00aBISIETCS B
6a3y IaHHBIX, AJI MOCJIEAYIOIIEro CPAaBHEHUS C HUM.

OpHako Oojiee ONTHMAJBHBIM BapUAHTOM SIBIISETCS
UCIIOJIb30BaHNE HECKOJIBKUX 3aIllMCel OJHOTO U TOTO JKe
rojoca. 3apaHee ONpPEACIICHHOE KOJIMYEeCTBO 00pa3LoB
ToJI0Ca MO>KHO MCIOJIB30BaTh JJIsl 00y4eHHs HeHpOHHON
cerTu.

B pabote ucnons3zoBasioch o0y4eHue 0e3 yduTens,
TaK KaK OHO SIBJISIETCS HAMHOTO OoJiee MpaBaoIoi00HOH
MOZENbI0 O00ydeHMs B OHOJOTHMYECKO cHcTeMe.
PasButass KoXOHEHOM M MHOTMMH JpPYTMMH, OHAa HE
HYXJIaeTcsl B IEIEBOM BEKTOpPEe JJs BBIXOJOB H,
CJIeI0BATEIIbHO, HE TpebyeT CpaBHEHUS c
NPEIONpPEACTICHHPIMA ~ HJCANBHBIMH  OTBETaMH, a
oOydJaroriee MHOKECTBO COCTOWT JIMIIb W3 BXOTHBIX
BeKTOpOB. OOyJaromuii aJropuT™M IOACTPanBaeT Beca
CeTH TaK, 4YTOOBI TIOJNyYaJCh  COIVIACOBaHHBIC



BBIXOJHBIE  BEKTOPHI, T.€. YTOOBI TPEIbSIBICHHE
JIOCTAaTOYHO OJM3KUX BXOAHBIX BEKTOPOB JaBalio
OJMHAKOBEIE BBIXOJIBI. IIpomecc o0yueHwus,

CJIC/IOBATEJIbHO, BBIACISET CTaTUCTUUECKHE CBOMCTBA
oOyyaromero MHOXECTBA M TPYNIHPYET CXOAHBIC
BEKTOPHI B Ki1acchl. [IpenbsiBieHre Ha BXOJ BEKTOpa U3
JIAHHOTO KJIacca JacT ONpEJeNICHHBINH BBIXOJIHOW BEKTOD
[3] . Cxemarmuecku naHHas ceTh H300pakeHa Ha
pucyHke 3.

Heitpon -

nobemurens

JIByMepHBIit MacCHB
HEeHPOHOB

X\

7\

Tononoruyeckas

OKpPecTHOCTh
Bxoanoit cHrHan
Pucynok 3 — Cxema cetu KoxoHena
PaCHpOCTpaHeHI/Ie CUrgaja B TaKOH CCTH

MPOUCXOIUT CIICNYIOUIMM 00pa3oM: BXOJHOH BEKTOP
HopMupyeTcss Ha 1.0 M mopmaercss Ha BXOA, KOTOPBIH
pacnpeziensieT ero jaanblie uyepe3 marpumy BecoB W.
Kaxnpiii HelipoH B cioe KoxoHeHa BBIYUCISACT CyMMY
Ha CBOEM BXOJE€ U B 3aBUCHMOCTH OT COCTOSHHUS
OKpY)XalOIMX HEHPOHOB JTOTO CJIOS CTAaHOBHUTCS
akTuBHbIM win HeakTuBHBIM (1.0 u 0.0). Heiipons
3TOro  ciosg  (QYHKUMOHUPYIOT IO  NPHHIUIY
KOHKYpCHIINH, T. €. B pe3ylbTare OIPEAeICHHOTO
KOJMYECTBa HWTEpallMii aKTHBHBIM OCTAaeTCS OAWH
HEHpOH Wi HeOoNbImas Tpymma. OTOT MEXaHH3M
Ha3bIBAa€TCs JaTepajibHbIM. Tak Kak oTpaboTKa AHTOro
MexaHu3Ma TpeOyeT 3HAYMTENbHBIX BBIYHCIUTEIBHBIX
pecypcoB, B MOel MOJENM OH 3aMEHEH HaXOXKICHUEM
HeWpoHa ¢  MaKCUMaJbHOW  aKTHBHOCTBIO U
npucBoeHrneM emy akTuBHOCTH 1.0, a BCEM OCTajbHBIM
Heliponam 0.0. Takum oOpaszom, cpabaTbiBaeT HEHpOH,
JUII KOTOPOTO BEKTOp BXOAa ONMIKE BCETO K BEKTOPY
BECOB CBSI3EH.

Ecnm ceTp HaxomuTcs B pexuMe OOydeHUs, TO IS
BBINTPABIIET0 HEHPOHA IPOMCXOANT KOPPEKIHS BECOB
MaTpHIbl CBA3M 1O (hopMmyIIe:

VV“ :Wn +a(X_Ww)' (5)
rae W, — HOBOE 3HAYCHHE BECa,
W, — CTapoe 3HauCHHUE;
«Q — cKOpOoCTh O0yUeHHS;
X — BeJIMYMHA BXOJa.
Teomerpuueckn 3T0  NOpPaBUIO  WUIFOCTPUPYET
PHUCYHOK 4.
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Pucynok 3 — Koppekius BecoB Helipona Koxonena

Tak Kkak BXOZHOM BEKTOpP X HOPMHPOBaH, T. €.
pacronoxeH Ha runepcdepe eAUHHYHOTO paanyca B
IPOCTPAHCTBE BECOB, TO IPH KOPPEKIMU BECOB IO
3TOMY IIPaBWITy NIPOMCXOAUT MOBOPOT BEKTOpa BECOB B
CTOpPOHY BXOZHOTO CHUTHaJIA. ITocrenennoe
YMEHBIICHHE - CKOPOCTH  IOBOPOTAa.  MO3BOJISIET
MPOMU3BECTH CTATHCTHYECKOE YCPEIHEHHE BXOIHBIX
BEKTOPOB, Ha KOTOPBIE pearnpyeT JaHHBIH HEHPOH.

OnHako WMeeTcss Heckoibko mpobOmem. Ilepsas —
BHIOOP HaYaJbHBIX 3HAYEHUH BecoB. Tak Kak B KOHIE
oOyueHHs1 BEKTOpa BeCOB OyayT pacroJyiararbCsi Ha
CAVMHUYHOM OKPYXKHOCTH, TO B Haudaje HX TaKKe
JkenmateapbHO HopMupoBare Ha 1.0. B moelt mozmenu
BEKTOpa BECOB BBIOMpAIOTCS CIIydailHBIM 00pa3oM Ha
OKPY’KHOCTHU E€AMHUYHOIO paauyca.

BTOpaﬂ — €CIIK BECOBOM BCKTOP OKAXXCTCA AAJICKO OT
obmactu BXOAHBIX CHI'HAJIOB, OH HHKOIZITa HE€ OacCT

HAWITy4IIero COOTBETCTBHSI, Bcerga OymeT WMeTh
HYJIEBOM BBIXO/I, CJIEZI0OBaTEIbHO, HE Oyner
KOPPEKTHPOBATBCSI M OKAXETCA  OCCIIOJIC3HBIM.

OcraBmnxcst e HEWPOHOB MOXKET HE XBaTWUTh IS
pasliesieHns] BXOJHOTO TPOCTPaHCTBA CHUTHAJIOB Ha
kiaccel. [lnsi pemieHus: 9ToM MpoOieMbl MpesiaraeTest
MHOTO aJIrOpUTMOB, B pa60Te MMPUMCEHACTCA TMPaBUIIO
«pabotatey». eciu Kakodl nHOO HEHpoOH JoNTO HE
HaXOJUTCs B aKTHUBHOM COCTOsSIHHMHM, OH IIOBBIIIACT BECa
CBsI3eH JI0 TEX IOp, IOKAa HE CTAHET aKTUBHBIM M HE
Ha4yHeT TMoOABEprarbcs  OOydYeHMIO. OTOT  METOX
MO3BOJSIET  TAaKKe  PEeIIUTh  NpoliieMy  TOHKOH
Kiaccuukanuu: ecinu oOpasyercs IpyIna BXOJHBIX
CHTHAJIOB, PACIIOJOXEHHBIX ONM3KO Ipyr K ApYyry, C
9TOM Trpymmnoi accouumpyercss M OOJbIIOE YHCIIO
HelipoHoB KoxoHeHa, koTopble pa3OuBaioT e€ Ha

KJIACCHI.
3akjaoueHue

HUtoroM naHHOrO HMCCIENOBaHUSI CTajJ0 MOAYIBHOE
MIPUIIOKEHHE, OCYIIECTBIISIIONIEE TOJIOCOBYIO
UICHTU(PHUKALIUIO II0JIb30BaTEIIA, HCIOJIB3YIONIEe
MOJIEPHU3UPOBAHHBIN aJITOPUTM BBIYMCIICHUS
HelipoHOB B ciioe Koxonena. IIporpamma cocroutr u3
Tpex OCHOBHbIX uacted. IlepBas  BBITIOJIHSET
nobGaBleHre  TOJIb30BaTeNield, BTOpas  BBIMOJHSET



UACHTH(DHUKAIIMIO W TPEThs XpaHEHUE TOJOCOBBIX
3ammcei.

Kax mokazano  wuccrmemoBaHue, — NOJYYECHHBIN
aJITOPUTM TIO3BOJISIET 3HAYUTENLHO YCKOPUTH paboTy
OpoOTrpaMMBbI  TOJOCOBOM  uaeHTH(uKaiuu. [lanHas
MOJIEpHH3AIIHSI TIO3BOJISIET HCIIOIBb30BaTh IPOrpaMMy Ha
TOPEANPHUITUAX C OONBIIMM TOTOKOM TT0JIb30BATEIICH.

Tak e mporpaMMHBIH KOMIUIEKC OYeHb T'MOOK M
uMeeT OOJNbIIOE MPOCTPAHCTBO Ui JAajbHEHIIero
YCOBEPILCHCTBOBAHUS M [100AaBICHUS HOBBIX (DyHKIHH,
YTO [EJIAET €r0 HE TOJBKO BBITOJHBIM IIPOTPAMMHBIM
HNPOAYKTOM, HO U TIEPCHEKTUBHBIM IPOEKTOM IS
Pa3BUTHS U TOTYIEHUS TPUOBIIH.
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At the moment, the primary means of access control
checkpoints are equipped with a variety of means of
access control. But most of the access controls are
expensive. And most of the costs fall on the alocation
of persona identification means for each user. The
solution to this problem is to voice recognition. The use
of biometrics eliminates the chips and access cards,
identification means to eliminate loss and theft. And the
use of the voice will eliminate the expensive equipment
to read the data.

Introduction

Currently, voice recognition, biometrics as a whole,
already widespread. The simplest example - fingerprint
scanners installed on almost every laptop. Biometrics
recognition system involves people on one or more
physical or behaviora traits. In the field of information
technology, biometric data is used as a form of identity
management and access control access. Also, biometric
analysis is used to identify people who are under the
supervision of. Just provide biometrics and behavioral
analysis of the object. These include walking, gestures,
etc. Authorization process, the use of biometrics, is
quite simple. Using an apparatus for varying the
characteristics of an identified current data scanned and
compared with previous data. Biometric systems have a
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number of important advantages. Biometrics uses the
properties of the human body and its behavior, which
make them unique. Unlike paper identifiers from a
password or persona identification number (PIN),
biometric characteristics can not be subjected to theft,
can not be lost or forgotten. Quite a long time
fingerprints are used to identify criminals and prevent
theft or fraud. Some people are able to mimic the voice,
but it requires special skills that are not often met in
everyday life.

Main Part

To implement voice recognition is necessary to
make a specific course of action. With a microphone
turns voice recording identified and sent to the
computer. The optimal reception is WAV file, since
handling ease. The resulting voice recording should be
divided into frames.

The next step is to eliminate the undesirable effects
and noises. It is necessary to record obtained at different
time correspond to each other, regardiess of external
factors. There are many ways in which to reduce the
effects of noise.

To < date, the most successful are the voice
recognition system, using the knowledge of the hearing
aid device. They are based on the fact that the ear
interprets sounds not linearly but in alogarithmic scale.
In view of these features is necessary to bring the
frequency response for each frame of mels.

This is the last step required for the subsequent
conversion to vector features, which, compared to the
base of voice recordings. The vector will comprise mel-
cepstral coefficients.

The resulting feature vector is added to the database
for later comparison. But a more accurate alternative is
to use multiple entries of the same voice. A
predetermined number of voice samples may be used to
train the neural network. We used learning without a
teacher, because it is much more plausible model of
learning in the biological system. Kohonen developed
and many others, it does not need to output the target
vector and therefore.

Conclusion

The result of this study is a modular application that
voice recognition by using an upgraded algorithm for
computing the neurons in the Kohonen layer. The
program consists of three main parts. The first performs
the addition of users, the second and third authenticates
voice recordings.

The study showed that the resulting algorithm can
significantly speed up the program of voice
identification. This upgrade allows you to use the
program at the enterprises with the influx of users.

The same software system is very flexible and has
plenty of room for further improvements and adding
new features, making it not only profitable software
product, but promising project for development and
profit.





