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E.M. Kocapesa

Oxonuuna benopycckuti 20¢yoapcmeeHHbiil YHugepcument UHQGOpMamuxy u paouoanexmpornuxu. Obracme
HAYUHBIX UHMEPECos C8A3AHA C ABMOMAMUUPOSAHHIMU CUCIIEMAMY PACNOSHABAHUSA, CUCIEMAMY OUOMeMPUYECKOT
uoeHmupurayuy.

M. B. Jluxaueckuii

Oxonyun benopycckuil eocyoapcmeeHHblll yHugepcument UHPOPMamuxu u paouoaiexmponuxy. Obaacme
HAYUHLIX UHMEPecog C8A3aHA ¢ UCCNeO08aHUeM HNpobieM paouoyacmomHol uoeHmugurayuy o6vexmos,
opeanuzayueti y4ebHO20 U HAYYHO-UCCTE008AMENILEKO20 NPOYECCO8 8 IMEXHUYECKOM YHUlgepcumenie.
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/.0. Kosicesnuros

Oxonuun beropycckuil 2ocyoapcmeentvlil yHugepcumem ungopmamuxy u paouosnexmponuxu. Obracme
HAYYHBIX UH-MEPECO8 C8A3AHA C UHMEIIEKMYATbHOU 06pabomKy OaHHbBIX, CXEMOMEXHUKOU PAOUOIEKMPOHHBIX
yempoticms.

Aunnoranmmsi, B cratbe mpeayioxneH moaXo[ K MOCTPOCHHI) MYJIbTHMOJANIBHON CHCTEMbI OHOMETPHUCCKON
HACHTU()UKALMHI, OCHOBAHHBIN HAa KOMOWHHPOBAHHHU (DH3HOJIOTHUCCKUX H TOBEACHUCCKUX XAPAKTEPHCTHK (JHLO,
moxoaka W mynsc). OOOCHOBAH BBIOOP MOZATBHOCTCH. Pa3pa0oTaHa apXWTCKTYpa CHCTCMBI H MPSITOKCHA
TOTOJIOTHA.

KoueBsie cioBa: OmoMmeTpmueckas WACHTH(UKAUWS, CIMAHHC JAHHBIX, MYJbTHEMOJAIbHAS
HACHTH()MKAINA, PACTIO3HABAHHUC JHIA, AHAIH3 MOXOAKH, (poTomieTusmMorpadus

Beenenune. TpaguiuoHHBIE METOABI Ay TEHTU(HUKALIMH, OCHOBAHHBIE HA 3HAHUAX (IIAPOIIH,
PIN-komer) wnm BnameHuUH (KapThl AOCTYIA, TOKEHBI), OONAAAOT pPSAOM CYLIECTBEHHBIX
HEOCTATKOB, BKJIOYAash BO3MOXKHOCTb IMEpefadd TPETbUM JHLAM M yTepu. B 3Tol cBs3M
OMOMETpPUUECKHE METOABl, OCHOBaHHBIE Ha KOMOWHAIIMHM YHUKAJIBHBIX (DU3HONIOTHYECKHX HU
MOBEJICHUECKUX  XapPaKTePUCTHK UEJNIOBEKa, pPacCMAaTPUBAIOTCA Kak Ooyiee  HanekHas
anprepHaThBa. Takum 0Opa3oMm, pedb UAeT O MyJbTUMOAaNbHOH naeHTngukaunu. CormacHo [1],
MOHATHS «MYJIbTUMOAAIBHBIN» U «MYJIbTHOMOMETPHUYECKUID YKa3bIBAIOT HA IPUMEHEHUE Ooee
OJHOTO THIAa OMOMETPUYECKON XapaKTePHCTHUKH, OIHOTO AAaTYHKA, OIHOTO 3K3EMIULIpa W/WiIH
NTOPUTMA B TOH WJIM MHONH KOMOWHAIIMY /ISl IPUHSITHS ONPEAEICHHOTO PEIICHUS] B OTHOLIEHUN
Onomerpuueckoil uaeHTHGUKAIUKU WM BepupuKauuu. Takoll MOAXOX TMOBBIIIAET TOYHOCTH
UICHTU(PUKAIMY B YCTOWYHBOCTh K aTaKaM, YTO OCOOEHHO aKTyaJIbHO B CJIy4ae UCIOJIb30BAHUS
CHCTEMBI B KPUTUYECKH BAXKHBIX OTPACIISX.

I'pynnel moaanbHoOCTel, TMNpHMeHsieMbIX B  cHCTeMaXx  OHOMeTpHYeCKOil
uaeHTHGUKANNH. MOJAIBHOCTH, MPUMEHsIEMbIE B CHCTEMaX OMOMETPUYECKON HACHTU(DUKALIIH,
MOJKHO Pa3/IeJHTh B 3aBHCUMOCTH OT MPUPOIBI UCTIONb3YEMBIX TPU3HAKOB Ha (YM3HOJIOTHYECKHE
U TIOBE/ICHYECKHE.

K ¢usmonornyeckiM MOJANbHOCTSAM MOXKHO OTHECTH XapaKTEPHCTHUKH, O0YyCIIOBIEHHBIE
AHATOMHYECKUMH OCOOCHHOCTSIMH YEJIOBEKA, HATIPUMED:

— OTHEYaTKH MaJbIICB;

— pany KHYIO 00OJIOUKY TJia3a,;

— CETYaTKy IJ1a3a;

— I€OMETPHIO JINLA U T.JI.

OTneyaTku mnajbleB XapaKTEPU3YIOTCS MAMWULIPHBIM PHCYHKOM KOXHOTO TIOKPOBa
naynbleB, GOopMHPyEeMbIM CUCTEMOH uepenyroutuxcs rpedueii un snaguH. CTpyKTypa OTIIedaTka
BKJIFOYAET TJ100aibHble PU3HAKK (OOLIMIA TUIT PUCYHKA — AYTH, METIH, 3aBUTKH) U JIOKAJIbHBIC
0COOEHHOCTH — MUHYLUH (OKOHYAHHS W PA3BETBJICHUS JIMHWI), a TAaKXKe MOPbl U TEKCTYpPHBIE
XaPAKTEPUCTUKH TTOBEPXHOCTH KOXKH.

PanyxHast oOojouka rna3a mpencTaBiseT COOOW NHIMEHTHPOBAHHYI MBIIIEYHYIO
CTPYKTYPY, OKPYKaroIIyr0 3padok. OHa XapaKTEpHU3YeTCsl CIOKHOM TEKCTYPOU, BKJIHOHAIOLIEH
KPUINTBIL, CKJIAAKH, paAHajbHblE W KOHLEHTPHYECKHE CTPYKTYpPbl, NUTMEHTHbIE IISITHA U
COCYZIUCTBIE 3JIEMEHTBI.

CeryaTka Trja3a ONpeAeNsieTCs YHUKaJbHBIM COCYAMCTBIM PHUCYHKOM TIJIa3HOTO [THA.
OCHOBHBIMU 3JIEMEHTAMHU SIBIIIIOTCSI apTEPUH W BEHBL, (OPMHUPYIOIIHNE PAa3BETBJICHHYIO
TOMOJIOTUYECKYIO CTPYKTYPYy C XapakTepHbIMH TOYKaMH Ouypkaumuu ¥ IepecedeHus.
IIpocTpaHCTBEHHOE pacIpenesieHHe COCYyIOB M HMX B3aUMHOE pacloyiokeHHe (OPMUPYIOT
WH/IMBUAYAJIbHBIA MPU3HAK, 00IaAar0IUil BBICOKOH YCTOWYHBOCTBIO.

I'eomerpust nuia XapakTepU3yeTcsi COBOKYITHOCTBIO aHTPOIIOMETPHUYECKUX U TEKCTYPHBIX
npu3HakoB. K CTPYKTypHbIM KOMIIOHEHTAM OTHOCSTCSI B3aHUMHOE€ PACIOJIOKEHHE KIIFOUEBBIX
To4eK (T71a3a, HOC, POT, MOAOOPOIOK), TPOTOPIIUY JIUIIA, KOHTYPbI U (JOpMa OTHEITbHBIX 00JIaCTei.
JIOTIOTHUTENBHO YUYUTHIBAIOTCS TEKCTYpHBIE OCOOCHHOCTH KOJKHOTO TOKPOBA M TpPeXMepHast
CTPYKTYpa JIHLA.
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[ToBeneHueckre MOMAJIBHOCTH OCHOBAaHbI HAa aHAJIM3€ IUHAMHYECKHX XapaKTePUCTHUK
nerucTBUi nonb3osareisd. K HUM MOXKHO OTHECTH:

— ToJIoC;

— IWHAMUKY TOMIUCH,

— KJIABUATY PHBIN MOYEPK;

— TIOXOJKY U T.1.

JlaHHBIE MOJTAJTPHOCTH, KaK MPABHIIO, MEHEE YCTOHYHBBI BO BpeMeHHU U 00Jjiee MOIBEPIKEHbI
BIIUSIHUIO BHEITHUX (PakTopoB, omgHaKo MOryT 3(QeKkTUBHO HCMOIB30BATHCS B KadeCTBE
JOTIOTHATEIFHOTO YPOBHS ACHTU()UKATIVH.

Tonoc kak moBeAeHYECKAsT MOJATBHOCTD OMPEENSIETCS COBOKY THOCTBIO (DM3UOJIOTHYECKIX
U TUHAMHYECKHX XapaKTePUCTUK pedeBoro ammapara. OH BKIFOYaeT OCOOCHHOCTH TOJIOCOBBIX
CBSI30K, PE30HAHCHBIX MOJIOCTEH, a TAKKe WHANBUIYATbHbIE XapPAKTEPUCTUKU MPOU3HOIICHUS,
WHTOHALIUY U TEMITa PEUU.

JInHaMUKa MOAMUCH MPECTABIISET COOOM MOBEIEHYECKYIO XapaKTEPUCTUKY, BKITFOUAOIIY O
MPOCTPAHCTBEHHO-BPEMEHHYO TPACKTOPHUIO BIKEHUS MUIIYINEr0 HHCTPYyMeHTa. MOonaabHOCTh
onpexaensiercss (GOpPMON TMOAMKUCH, CKOPOCTHIO BBIOJHEHUS MOATIMCH, PUTMOM M BapUALUSIMU
JIIBUKEHUH.

KnapuatypHbIii TOYEpK XapakTepHU3YETCsl BPEMEHHBIMU TapaMeTpaMH B3aUMONEHCTBUS
MOJIb30BATENsl € KiaBHaTypoil. OCHOBHBIMU TNPU3HAKAMH SIBJSIFOTCS. HMHTEPBANBl  MEXIY
HQKATHSMH KJIABHII, JJTUTEBHOCTD YASPKAHUS KJIABUII M PUTMHYECKHEe OCOOCHHOCTH Habopa
TEKCTA.

IMoxongka ompenenseTcss NMHAMUKOW JBYDKEHHS 4YeJIOBEKa TP TEPEMEIIeHUH B
npoctpancTBe. OHA BKJIIOYAET MPOCTPAHCTBEHHO-BPEMEHHbIE MApaMeTpPhl IIara, KOOPIUHAIHIO
OBUKCHUI KOHEYHOCTEW, aMIUIUTYIy W 4YacTOTy JBMXKCHHH, a TakKe WHIUBUAYAJIbHBIC
OCOOCHHOCTH KUHEMATHKH TeJia.

B ycnoBusix mOCTOSTHHOTO Y CJIOKHEHUS METOIOB HECAHKITHOHUPOBAHHOTO IOCTYTIA, 8 TAKIKE
BBICOKOW BapHAaTUBHOCTH TMOBEACHUS 3JIOYMBIIIJICHHUKOB U BO3ACHCTBUS BHEITHUX (DAKTOPOB,
TPAAULIMOHHBIC TIOAXOABL, OCHOBAHHBIC HAa aHAJM3€ OHOW MOJAJIBHOCTH, MEPECTAOT
obecneynBaTh HEOOXOMUMBIN YPOBEHb TOYHOCTH WACHTU(HUKAIINKA. AJTBTEPHATUBHBIM MOAXOA0OM
SIBJISIETCS.  MOEHTU(UKALUA HAa OCHOBE KOMOWHAIMU (PU3MONIOTMYECKUX U TIOBEIEHYECKUX
mMonajgbHocTel. KoMOMHMpOBaHNE MOMANBHOCTEH PA3HBIX KJIACCOB MO3BOJISIET KOMITEHCUPOBATH
OTPaHUYEHUS] KAKJIOW OTAENbHONH MONAJIBHOCTH: (DPU3HOJIOTUYECKHE TMPU3HAKH 00ECIIeYHBAIOT
BBICOKYIO CTaOWJIBHOCTh, TOTJA KaK BKJIFOYEHHE MOBEACHYECKUX MPU3HAKOB O0ECTeunBaeT
JOTIOTHATEIbHBIA YPOBEHD PA3THYMMOCTH.

MyJabTHMOAANBHOE CJAUSIHHE TAHHBIX. MyJbTUMOJATbHBIE OMOMETPUYECKHUE CUCTEMBI
MPOEKTUPYIOTCS TIO JBYM CX€MaM — TOCJIeIOBATeIbHO W MapajuieibHO. B mepBoM ciydae
BBIXO/IHBIE PE3yJIbTAThl aHAIM3a OMHOH OHOMETPUYECKOW MOIANBHOCTH HWCIONB3YIOTCS IS
Cy’keHus1 00J1aCTH MOMCKA MOTEHLIUATBHBIX MMOJIb30BATENIeH U Tiepeadu JaHHOW WH(POPMALIUU Ha
BXON creayromemMy Oinoky. Ilpu mapaiienbHOM TOCTPOCHHH CHCTEMbl OHOMETpUYECKast
uH(pOpMaLUs Pa3HOH MPUPOABI AHATU3UPYETCsl eauHoBpeMeHHO. [Ipu 3TOM CyimecTByer Tpu
BO3MO’KHBIX YPOBHSI OOBETMHEHUI

— Ha yPOBHE MPHU3HAKOB,

— B IIPOIIECCE MPUHSITHSI HTOTOBOTO PELICHMS,

— Ha 3Tarne cpaBHeHus [2].

PaccmoTpum mponecc oObeIMHEHUST MOAJIBHOCTEH Ha YPOBHE MPHU3HAKOB. B o0mem Bume
OH HAYMHAETCS C (POPMUPOBAHUS MHOMKECTBA BXOAHBIX OMOMETPUYECKHUX CUrHAIOB (popmyna 1):

X={X,X%,.,X} (1)

rne X; — NaHHbIE, TOJyYEeHHBIE OT 1-ii OMOMETPUYECKON MOATBHOCTH.
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JUis  Kakmol MOJANBbHOCTH  BBINIONHSETCA NpeoOpa3oBaHHWE MCXOAHBIX MJAaHHBIX B
ouomMetpuueckuii madsoH (Gopmyna 2):

T = y(9(Xy)), @)

rae ¢(+) BKIIIOYAET dTarbl MpenodpaboTKu U BbIEICHHS PU3HAKOB;
w(*) — opmupoBanue madioHa.

CdhopmupoBannbie  OuomeTpudeckue mMAONOHBI OOBEOUHSIOTCS TyTEM  CIHSTHUS
(popmyna 3).

T:.f(Tl’ TZ’ Gk Tn)’ (3)
rae f(*) — GyHKuMs arperupoBaHms MA0JIOHOB PA3TUYHBIX MOAAIBHOCTEH.

ITonyueHHOE WHTErpasbHOE MPEACTABICHUE HCIIONB3YeTCs KIACCU(PHUKATOPOM IS
OIIpeNieNIeHNs] PUHAJIS)KHOCTH MMOJb30BATENsT K OJHOMYy M3 KiaccoB. Ha ocHOBe pesynbrara
KJ1acCU(PUKALMK MPUHUMAETCS PEIICHHE O TOIMYCKe.

O6obmennas cxeMa OObEAMHEHHS MOAATBHOCTEH Ha YpPOBHE NPU3HAKOB NPHUBENCHA HA
pucyske 1.

3axmat anubIxX M Dopmuposanne
Bromerpuueckuii curnan 1 —» DEMEY
BBIICICHHE NMPH3HAKOB MaoA0HA NMPHIHAKOB

L
Pesyabrar

3axBat AaHALIX 1 Mopwmposanne  ———— Cansnne —p| Kracenukawns ——  Tpumsmie pewenis
I|.Il‘l|lll¢l||\'illlllll

Bromerpuueckuii curnan 2 ——» p
P BLLICCHIE MPH3HAKOD Wa6a0ma MpHINAKOR —

3axBaT TAHHKIX 1 Mopmuposanne
buomerpuueckuii curnan N —» oF
BAUICICHHE NPHIHAKOB mabaoHa npHIHAKOB

Pucynox 1. Obo0mienHast cxema 00beTMHEHUS] MOAAILHOCTEH Ha YPOBHE TPU3HAKOB

IIpouecc oObenwHEHUs] MOAANBHOCTEH Ha YPOBHE MPHHATHS PELICHUS AaHAJIOTHYEH
PAcCCMOTPEHHOMY paHee Mpoueccy OObeIUHEHHS MOAAIBHOCTEH Ha YpPOBHE C(HOPMUPOBAHHBIX
NPU3HAKOB BIUIOTH 0 3Tama (HOpMUpOBaHMS MIa0noHA. Pa3nuyusi B MOAXOAax BO3HUKAIOT HA
sTane kinaccupukauuu. B maHHOM ciydae Kaknas MOJAJbHOCTb PACCMAaTPHBACTCS HE3aBHCHUMO

(popmyna 4):
Ii—D;, (4)
rae D; — pe3yabTat Ki1acCuuKauu 1Jisl i-i MOJAIbHOCTH.

Jlanee pe3ynpTaThl KJIACCUPHKALMU KAXKIOH MONAIBHOCTH OOBEAHMHSIOTCS B EANHOE
peeHue 1o gopmyJe S:

D= g(Dl’ D2; .. Dn): (5)

2

rae g(+) — GyHKUMs arperupoBaHusl PeIeHHH.
O6obmennas cxemMa 0ObeAMHEHUS] MOIAJIBHOCTEH Ha YPOBHE YPOBHE NMPUHSATHS PEILCHHS
MIpUBEIEHA HA PUCYHKE 2.
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3axBat nanibIx u Gopmuposaiine

Buomerpuucckuii curnan | >  Knacenduxanus
BLIICTICHHC MPH3IHAKOR mabaona npuIHaKoR
e
e 4
4 3axBar AanibIxX 1 dopmuposanne ; f—eeeeeeeooop  [punisiThic pemicnng  —» Pesyanrar
buomerprucckmii curnan 2 p Knacendmxanmsa wientuduranun
! BRUIC/ICHHE NPH3HAKOB madnoHa NpH3IHAKoB — v
3axBar 1AHHKIX 1 (Dopmuporasme .
buomerpuueckuii curnaa N - — = —»  Knacenduxauns

BBIICACHHC MPHIHAKOB waba0Ha NPHIHAKOB

Pucynox 2. O6001meHHast cxema 00beTMHEHNST MOAAIBHOCTEH Ha YPOBHE IPUHSTHS
peLeHust

BapuaHT cnusiHus Ha 3Tane CpaBHEHHUS B JAaHHOH paboTe HE pacCMAaTPHUBAETCS, TaK KaK OH
OTHOCHTCSI TOJIBKO K 3a/1a4aM Bepudukanuu nonb3osatens [2].

Jins 3amaun CusHUS (PU3HONIOTHYECKUX U TIOBEACHYECKUX MPU3HAKOB, TAKUX KakK JIUIO H
noxozKa ObUT BBIOPAH aNTOpPUTM OOBEIUHEHHS MOMAAJIBHOCTEH HA YPOBHE NMPHUHATHS PELICHHS.
O10o o0ycnaBnuBaeTcs pPa3sHOPOAHOCTBIO HCIONB3yEMbIX OHOMETPUYECKHX XapaKTEPHUCTUK:
BbIOpaHHBIE MOJAJBHOCTH MMEIOT PA3JIMYHYI0 MPUPONY, Pa3MEPHOCTb M UYBCTBUTENBHOCTH K
BHEIIIHUM H MCUXO(PH3HOIOrHIECKIM (aKkTopam.

HezaBucumass obOpaboTka Kakgod MOJANBHOCTH C MOCIENYIOIIUM OOBEIUHEHHEM
pPe3yabTaTOB KJACCH(PHUKAIMK TIO3BOJISIET TOBBICUTH YCTOWYMBOCTh CHUCTEMBI K IOyMaM H
BApPUATUBHOCTH JJAHHBIX, & TAK)KE TIO3BOJISIET YUUTHIBATh HAZEKHOCTD KaXKI0H MOAJIBHOCTU NIPU
(bopMHUPOBAHUU UTOTOBOTO PELIEHHSI.

Oo0ocHoBaHne BbIOOpa MoJadbHOCTeH. B KOHTEKCTE MNPOEKTHPYEMONH CHCTEMbI
MyJBTUMOZIATBHON OHOMETpHYECKOW HACHTU(UKALMH B KAa4eCTBE OCHOBHBIX MOMAAJIBHOCTEH
ObUTH BBIOPAHBI JIMLIO, TOXOKA H Iy JIbC.

Jluno sBisieTCs 4YacTO HUCTOJB3yeMOW M XOpPOIIO M3YYeHHOHW OHOMeTpHUYecKon
MOJaNbHOCTEIO. UneHTndukanms mo nuiy oOecrnedrBaeT BBICOKYIO TOYHOCTH INMPH HAJIUYHU
JIOCTaTOYHOTO OCBELICHMs, HEe TpeOyeT (PU3HMUecKoro KOHTakTa cyObekTa ¢ 00OpyHOBaHHEM H
JIOTTyCKAaEeT 3aXBaT JAHHBIX Ha PacCTOSHUU [3].

[IpenmyIinecTBOM  sIBISIETCA  BO3MOXKHOCTb  HCIIOJb30BAHHA ~ CTAHAAPTHBIX — Kamep
BU/ICOHAOIOIEHUS], YTO CYIIECTBEHHO CHUYKAET CTOMMOCTh MHPpacTpyKTypbl. OTHAKO MPH 3TOM
IaHHAs MOJAJIBHOCTDH TOJBEPIKEHA BIIMSTHUIO BHEUTHHX (DAKTOPOB — HM3MEHEHHUS] OCBEINCHHS,
paKypca, HaJIW4usi MacKd WJIM TOJIOBHOTO yOopa — 4TO OOYCJIOBJIMBAaET HEOOXOIUMOCTH €€
JOTIOJTHEHUS IPYTUMU MOAANIBHOCTSIMH [3].

Bxorouenne noxoaxu 00yCIIOBIEHO €€ CIIOCOOHOCTRIO 00ecneunBaTh HACHTU(PUKALIUIO HA
paccTosiHUN 1 0e3 HeOOXOIUMOCTH SIBHOTO B3aUMOeHCTBYs ¢ cucteMoii. [loxonka popmupyercs
NOJ] BIMSIHUEM WHAMBHUIYAJbHBIX OMOMEXaHUYECKHX XapPaKTEPUCTHK YEJOBEKa, BKIIIOYAs JITHHY
mara, pUTM W KOOPIWHALMIO [BHXXKCHHUH, YTO MENaeT €€ TPYIHOBOCHPOU3BOIUMON IS
3JIOYMBILIIEHHUKOB. [Ipr 35TOM moxonka MeHee UyBCTBHTEIbHA K KaUeCTBY M300paKeHUs, UTO
KOMIIEHCHPYET OTPaHUYCHHUS TIEPBOH MOJAIBHOCTH B HEONArOMPUATHBIX YCIOBHUAX ChEMKH [4].

Hcnonp3oBaHne MyJibca B KAYECTBE TOTOJHUTENBHON MOJAIBHOCTH OOy CIIOBJIEHO TEM, YTO
nmapamMeTpel CEpAEYHOrO0 PHUTMA, BKJIIOYAs BapHaOETbHOCTh HHTEPBAJIOB MEXIY yAapamy,
OTIPENeNSIIOTCS BHYTPEHHUMH OMOJIOTMYECKMMH TPOLECCAaMH M MPAKTHYECKH HE IMOAAAITCS
CO3HATEJIbHOMY KOHTPONIO WM HUMHUTALWU. JTO [ENaeT IyJbC HaaeXKHbIM (aKTOpOM mJis
MOATBEPXKIAEHUsT <« KkMBOCTH» cyObekra (liveness detection) W CHIKaeTr pHCK arTak ¢
UCTIOJIb30BAHNEM CTATUYECKUX M300pakeHUH mitn 3amuceit [5].
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Cucrema MyJbTHMOAATBHOII OuoOMeTpHuYecKoil uaeHTHUKauuH. B HacTosLEM
UCCIICIOBAHAM TIPENJIaraeTcs apXUTEKTypa CHCTEMbl OHOMETPUYECKOH WACHTU(HUKALIHH,
COCTOsAIIAsT W3 IIECTH MOAYJICH: MOAYJS 3axBaTa HAHHBIX, MOXYJS NMpenoOpaOOTKU NaHHBIX,
MOJYJIsl U3BJICYCHHUS] MPU3HAKOB, MOAYJST OMOMETPUYECKON MASHTU(UKALIUH, MOIYJSl aHAJIN3a
NCUXO(H3HONIOTHIECKOTO COCTOSIHUST 1 MO JISl IPUHSITHS PELISHHUSI.

Monynp 3axBaTa JaHHBIX OOECIIEYMBAET MEPBUUHBIA COOp OMOMETPHUUECKUX CHTHAJIOB U
npeacTaBieH HaOOPOM CEHCOPOB: CEHCOp A mpencrasisieT coOoi BHAeOKaMepy A (pUKCAuu
KMHEMATHKH Tesa CyObeKTa, ceHcop b, Taxke BUAEOKaMepa, 3aXBaThIBa€T U300paKEHHE JIMLIA,
CeHcop B ocymecTBisieT perucTpamnuo MmyJbCOBOrO CHTHaja METOA0M (oToruieTH3Morpadun ¢
U3BJICYCHHEM TIOKa3aTenel 4acToThl cepaedHbix cokpamenuit (HCC) u BapumabenpHOCTH
cepaeunoro purma (BCP).

Monyne npenoOpaOOTKM [aHHBIX BBIMOJHSAET OUYHUCTKY M HOPMAJIM3aLMIO CUTHAJIOB,
MOCTYMAKMIHNX OT K&KIOTO CEHCOpa.

Monynp u3BJI€UEHHUS NMPHU3HAKOB Ipeobpasyer npenodpaboTaHHbIE NaHHBIE B YHCIOBBIE
BEKTOPBI IPU3HAKOB, MPUTOHBIE JIs TIOCJIEAYOIIErO aHATN3a.

Ha Bpixome moapyns QOpMHPYIOTCS TPU NPU3HAKOBBIX BEKTOPA, KOTOPBIE MOCTYMAIOT
NapajyielbHO B MOAyJb OMOMETPHYECKOW WASHTHQUKALMK W B MOXAYJb aHAJIN3a
NCUXO(U3HONOTNIECKOTO COCTOSHHSI.

Monyne OuoMerpudeckoll HACHTU(PHUKALMHN pelIaeT 3aaady HASHTH(HUKALUN JTHYHOCTH
cyOobekTa. Ha sTane ciaustHus MPU3HAKOB IPOU3BOAUTCS KOHKATEHALINS BEKTOPOB MTOXOIKH U JIMIA
C IpUMEHeHueM coBMecTHoro 3moOennunra FaceNet u GaitNet.

[TonyueHHBIH arperupoBaHHBI BEKTOP COIMOCTABISIETCS € MPOPMIAMH  CyOBEKTOB,
XPaHSAMUMUCS B 0a3€ NaHHBIX CUCTEMBL.

PesynpraTom paboTsl MOIyJist SIBISIETCS MASHTH(HUKATOP JMYHOCTH C COOTBETCTBYIOIIUM
CKOpPOM yBEpPEHHOCTH.

Monynp aHanmm3a NMCUXO(PHU3HUOJIOTHYECKOrO COCTOSIHHS (PYyHKIIMOHUPYET MapaulesIbHO C
MOJyJIeM UACHTU(UKALINH U PELIAeT 3a/1a4y OLEHKH TeKYIIEero COCTOSHUS CyObeKTa.

Monynp TPUHATHS pEIIeHUs] WHTErPUPYET IOJyUYeHHBIE pe3yJbTaTel U (QOpMHpYET
UTOTOBBINA PO b CyOBEeKTa, BKIFOYAOIMUN HASHTH(UKATOP JIUIHOCTH, KATETOPUIO COCTOSTHUS
U MeTKy BpeMmeHH coObiTusi. CpopmupoBaHHBIH NPOoPIIe nepenaércss BO BHEUTHIOK CHCTEMY
KOHTpPOJIs1 1 ynpasneHus noctynom (CKY 1) yepes naterpannonHsiii narepgeric APL

CTpykTypHast cxemMa CUCTEMBI IIPUBEJICHA HA PUCYHKE 3.

Tomosorust cucremsl. C TOUKH 3pEHHS TOMOJIOTMH MHQPACTPYKTYPHI CUCTEMbI OCHOBY
CUCTEMBI COCTAaBJISIIOT aBE OOKOBBIe BUmeokaMepsbl (ceHcopsl A.1 u A.2) pa3MelneHHbie 0 00e
CTOPOHBI TPAEKTOPHH IBIKEGHUs ueloBeka M (opMmupyromue OHHOKYJSIPHYIO —CXeMy
HabOmoneHust. WX OcHOBHas (yHKUMS — 3aXBaT KHHEMATHUYECKUX MapaMeTPOB ITOXOAKH C
MUHHMH3aLUed 3pQexTa CaMOOKKIIIO3MH B O0ECTIeYeHUEM YCTOMYMBOIO aHAIN3a JIBHKEHHUS.
®ponranbHas Buaeokamepa (ceHcop b.1) opueHTupoBaHa Ha MO CyOBEKTa U MpeAHA3HAYCHA
IUISL AETEKLUN M aHAJIN3a MUKPOBBIPAKEHHH.

KonTakTabIl nyaecomerp (cercop B.1) nHTErpHpoBaH B 30HY OCTAHOBKH IOJIB30BATENS U
o0ecrieuynBaeT perucTpanuio GU3NOJIOTHIECKHUX NTaPaMETPOB B MOMEHT B3aUMOJIEHCTBHSI.

Bce ceHCOpBl CHHXPOHHM3HPOBAHBI IO BpPEMEHH H TMEPEAar0T JaHHbIE B EIUHBIN
BBIYUCIUTENbHBIA MOAYJIb, TJI€ OCYLIECTBISIETCS UX CIUSHUE U KOMIUIEKCHBIN aHAJIH3.

Takast  Tomosorust obecrieuymMBaeT OOHOBPEMEHHBIH  COOpP  NOBEOEHUYECKUX |
(PU3HOJIOTHUECKHX TPU3HAKOB (PUCYHOK 4).

346



Jleenaoyamas mexcoyHapooHas HayuHo-npaxmuyecxkas koHgepenyus BIG DATA and Advanced Analytics, Muncx,
Pecnybauxa Benapycs, 23 anpens 2026 200a

Moy:is 3aXBaTa AaHubIX

Cencop A — Moxoaxa Cencop 5 — JTuno Cencop B — Myine
Tun cencopa: Budeoxavepa / HK Tun cencopa: RGB / 21véuna Tun cencopa: I / Geckoumarmuniii

I

mena; MuMuKa u auua; HCC, BCP

Moayas npeo6paborkn gannbix

Buox A — Hoxotka Baok b — Jhuno Eaok B — Tlyine
Memoo: wysonodastenue, Memoo: nopvaayus oceeugenus, Memoo: runumpanus cuznaza,
nopyaayu Kaopos awpasHueane T awderenue BCP / 4CC

Ipedoipasomannme dannse

Moayan HIBIEUEHHS TPHINAKOB

Ixcrpaxrop A — Moxoka Ixerpaxrop B — Mo Ixcrpaxrop B— Myane
Memoo: GaitNet / GEI Memoo: FaceNet / ArcFace Memoo: PPG-BiLSTM
T
Bexmop nammepna dsuxcenun; eexmop auna + munura; sexmop BCP/ 4CC
v 8 v
B N
Moy Gnomerputeckoil wienTuduKkanun Mozay:s anaamnsa neHxoPu3IHOIOrHIECKOT0
cocTosmns

Cousume npusnaKos coctosuus

Comsume npusnaxos .
CARHIC BEKTOPOB NPIIHAKOR (MATTCPH ABIGKCHI, IHILO I MIMUKD,

KONKATCHAIIIA BEKTOPOB IHIHKDS

Memao: FaceNet + GaitNet embedding BCPMCC)
T
l Bexmop ncuxoumeozuneckozo coomonnun
Bepuduramus auamocti Ouenxa cocronmun
Memoo: conocmassenue ¢ 51 npoghuaeii Memoo: SVM / Transformer xxaccugnxamop

Pesyasrar uaesuugatn PeyasTar K1accupHKaII cocTosHia

Moy1h npHESTHS pemenus
bopaipoRanIs #TOrOROrO NpofpiLs cyBCKTA
(ID Mram0CTI + KATerOpitA NCHXOMIIMO. COCTORNIA + MCTKa BpeMeHit)

1D AuNHOCIE + KamezopuA MCUXOMUINAT. COCMOANUS + MemKa spement

............................... S 2

: Buemuas cucresa — CKYJ{
: Hirrerpanmonssaii mirepdeiic (API)

Pucynok 3. CTpykTypHas cxeMa CUCTEMbI

Kamepa 1 A,b - Buneokamepa

Cencop A.1 B - MNynscomeTp

Kamepa 2
CeHcop A.2

&= Kamepa 3
CeHcop b.1

=
IlynbcomeTp
Cencop B.1

Pucynoxk 4. Tonionorust cucTeMsl
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3akawuenne. B pabore npeaiokeH Moaxo K MOCTPOSHUIO MYJIBTUMONAIbHOW CUCTEMBI
OroMeTprueckoi uaeHTH(PUKAIIMN HA OCHOBE OO bEeTUHEHHST (PU3UOIOTMUECKUX U MOBECHUYECKIX
MPU3HAKOB.

[TokazaHo, YTO WCMONB30BAHME MOMAIBHOCTEN JIMIA, TIOXOAKH U TyJbCa, a TaKXKe HX
CIUSIHUE HA YPOBHE MPUHSITHUS PEIICHHN.

Pa3paboTanHas apXUTEKTypa U TOMOJIOTHSI MOTYT OBITh IPUMEHEHBI B CHCTEMAaX KOHTPOJIS
IOCTYTIA C MOBBILIEHHBIMU TPEOOBAHUSIMH K O€30MIaCHOCTH.
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ABTOpPCKHIi BRJIAJ
Kocapesa Exarepuna MakcuMOBHA — TOATOTOBKA 0030pa MOJATBHOCTCH, MCIIONB3YCMBIX B CHCTCMAX
OMOMETPHUCCKOH HACHTH()HUKAIIMK, IPOBSIACHHE CPABHHUTCIBHOTO AHANH3A TOAXOJOB K MYJIBTHMOJAITEHOMY
CIIHSTHUIO TAHHBIX; pa3paboTKa CTPYKTYPHOH CXEMbI CHCTCMBL.
JInxagecknii JmuTpuii BukTOpOBMY — TOCTAaHOBKA 33a7aYM HMCCICAOBAHWS, OOOCHOBAHHWE BBHIOOpPA
MOJATBHOCTEH.
Ko:xernukor Jlennc OQureropu4 — pa3padoTKa TOMOIOTHH CHCTCMBL

MULTIMODAL BIOMETRIC IDENTIFICATION SYSTEM BASED ON A
COMBINATION OF PHYSIOLOGICAL AND BEHAVIORAL

CHARACTERISTICS
EM. Kosareva D.V. Likhachevsky D.O. Kojevnikov
Assistant of the Department of Associate Professor, Master student of the
Information Computer Systems Department of Information Department of Information
Design BSUIR, Master of Tech. Computer Systems Design Computer Systems Design
sciences BSUIR, PhD of Technical BSUIR

sciences, Associate Professor

Abstract. This article proposes an approach to constructing a multimodal biometric identification system based
on combining physiological and behavioral characteristics (face, gait, and heart rate). The choice of modalities is
substantiated. The system architecture is developed, and a topology is proposed.

Keywords: biometric identification, data fusion, multimodal identification, face recognition, gait analysis,
photoplethysmography.
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