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AHHOTaNMA

Ipenmer mccaemoBanusi. PaccmorpeHa mpoGrneMa HCHONB30BaHUS TEXHOJNOTHH IMITPUXOBOTO KOAMPOBAHMS B 3amadax
nmIeBol OMomeTpuy. BhIMOMHEH aHanmM3 JOCTMKEHMI M OIEHEHBI HEAOCTaTKH CYIIECTBYIONIMX DEIICHHH M IPHUMEPOB
MOCTPOEHHSI INTPHUX-KOJOB II0 HM300paKCHUSIM JIMI[ W BEIJEICHHBIM 10 HHMM mpu3HakaM. Metoa. OmpeneneHsl IyTH
pean3aluy paccMaTpuBaeMoi IpoOiieMbl, IPUBEACHBI HOBBIC penieHus Ha 6ase nuHeiHbix (Code 128) u nBymepubix (QR)
IITPUX-KOAOB, a TAaKXKe WX I[BETHBIX BApPHAHTOB. PacCMOTpEHBI cOCTaB M OOBEM IAaHHBIX, HCIIOJB3YyEeMBIX B JIMLIEBOI
OMOMETpPHUH U B CBSI3aHHBIX C HEH MPUIOKEHUSIX — MEIUIINHE, KPUMHUHAIMCTUKE U Cye0HO-MeANIIMHCKOM dKenepTnse. Cpenn
9THUX AAHHBIX — U300paXE€HUS JIHIL, a TaK)Ke HAOOPbl aHTPONOMETPUIECKUX TOUEK M JOMOTHUTENbHAS MHPOPMAIMS K HUM,
uHbOpManus O (EHOTUIIE JMLIA U TeHAEPHOW NPHHAJIKHOCTH 4YENIOBEKa M, HAKOHEL, IOKyMEHTalbHass MH(pOpMAalHs.
OcHoBHOli pe3yabrar. [loka3aHsl pe3ynbTaThl <«GalUCH U NIEPEHOCAa» ITHX MAHHBIX B paMKax pa3IHYHBIX BapHAHTOB
KOMITOHOBKH INTPHX-KOJIOB, @ TAKXKE PEe3ylIbTaThl MX CUUTHIBAHUS M CIIOCOOBI YKPBITHSA OT cUMThIBaHMSA. [IpemnoxeHHbIe
LBETHBIE IITPUX-KOAbI omnpeneneHsl kak «BlO Code 128» u «BIO QR-code». Ilpu rpadguueckoM 0TOOpaKCHHH U 3aIliCH B
MaMsATH KOMITBIOTEpa HMX MOXKHO pAacCMaTpHUBaTh KaK IIBETHBIC PAacTPOBBIE H300paKeHUs, HECyINIHe B Ka)KIOM CIIO€
uHpopmanuio o june. I[Ipu 3ToM NOKyMeHTanbHas HH(OpMaIMs MOXXET OBITh NPOYMTAHA HEMOCPEACTBEHHO II0 TaKUM
[BETHBIM ILITPUX-KoAaM (M300pakeHHsM), a ocTanbHas uHpopMamus (M300paKeHHE JIHI@, €ro aHTPOINOMETPHKA,
COMPOBOANTEIBHEIC [MapaMeTpbl) —I0CIe NEKOMIIO3HIMH LBETHBIX WITPHX-KogoB Ha cion R, G u B. IlpakTtuyeckas
3HAYMMOCTD. [Ipe/UIOKCHHBIC B CTAaThe BAPHUAHTHI KOMIIOHOBKHM wITpUX-KogoB «BlO Code 128» m «BIO QR-code» u
mporpaMmbl uX reHepauun (HamucauHele B cpexe maketa MATLAB) moryr ObITh HCHONB30BaHBI B JANbHEHIINX
HCCIIEI0BAHMSAX MPOOIEMBI INTPHUXOBOTO KOAWPOBAHHMS B 337a4ax JUIEBOH OMOMETPHH U €€ TPHIOKEHHAX.
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Abstract

Subject of Research. Application of barcoding technologies in the tasks of facial biometrics is posed and discussed. We
analyze the achievements and estimate the shortcomings of existing solutions and examples of barcode creation according to
the face images and the features extracted by them. Method. The ways of the problem implementation are determined and
new solutions are presented based on linear (Code 128) and two-dimensional (QR) bar codes, as well as their color variants.
The composition and volume of data are considered being used in the facial biometry and related applications: medicine,
criminalistics and forensic-medical examination. Among these data there are face images, as well as sets of anthropometric
points and additional information to them, information about the phenotype of FI and gender, and, finally, documentary
information. Main Results. We have shown the results of these data "recording and transferring” within the framework of
various barcode layouts, as well as the results of their reading and ways of hiding from reading. The proposed color barcodes
are defined as "BIO Code 128" and "BIO QR-code". While graphical display and computer memory record, they can be
viewed as colored raster images that carry information about the face in each layer. At this, documentary information can be
read directly from such color images by standard barcode scanners, and the rest of the information (face image itself, its
anthropometric, accompanying parameters) is read and restored after their decomposition into layers R, green and blue.
Practical Relevance. The layout variants of the "BIO Code 128" and "BIO QR-code" barcodes and the programs for their
generation (written in the MATLAB package environment) can be used in the further studies of the barcoding problem in the
tasks of the facial biometrics and its applications.
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BBenenue

TexHONMOruyM MTPUXOBOTO KOAWPOBAHUS B JIOTHCTUYECKHUX ITOTOKAX TOBAPOB, MOYTOBBIX OTHPABICHUN H
KOHTEHHEPHBIX I'PY30B HIMPOKO W OECIIOBOPOTHO BOLUIM B HAally MOBCEAHEBHYIO XH3Hb. LlTpux-Koapl 31aech
UCIIOJIb3YIOTCSl HA dTanax MapKUPOBKH M MICHTH(UKAIMK TOBapOB, OTHPABICHUH U IPY30B, HX CKJIQJUPOBAHUS
W y4era, a TakKe Ha dTarax KOHTPOJIS MX MPOABMKEHHS JI0 KOHEYHOTO ITyHKTa JIOTHCTHYECKOTO MmoToka. Kpome
MarepualbHbIX MOTOKOB, IITPUXOBOE KOAWPOBAHUE MCIOJIB3YETCS TakXKe B (PUHAHCOBBIX MOTOKAX, IOTOKE JOKY-
MEHT0000pOTa, IIOTOKAX CHEephl YCIIYT.

Onnako HamOoJbIIee BICYATICHUE CPEIN HOBBIX JIOTMCTUYECKUX ITOTOKOB CO3/AIOT «IIOTOKH MacCa)KH-
poB» B asporoprax. B mHOPMAIMOHHON cHCTEME a’3poropTa pealu3yloTcs MPONAXKH SIEKTPOHHOTO OmieTa,
SIIEKTPOHHAST PETUCTPALHS MAcCaXupa, KOHTPOJb W (WiH) ayTeHTU(HUKAIWs Opu Bxoae Ha OOpT camornera, a
TaKKe PErHCTPaLUs U OTCIeXuBaHue Oaraxka. Kaxxapril atan conpoBokaaercs 06pabOTKON MITPHX-KOoa Ha BCEX
MPOE3THBIX JOKyMeHTax. Hampumep, Ha MapmIpyTHOH KBUTAHLMH SJIEKTPOHHOTO Omiera mrTpux-kog PDF417
COZIEPXKHUT (haMIIINIO M UMl TACCAXKMPA U HOMEPA BCEX BBIMONIHAECMBIX UM peiicoB. B o01em ciryuae TeXHOIOTHA
HITPUXOBOTO KOAUPOBAHUSA UCIIOJB3YCTCA 34€CHh AJIsA PErUCTpaliui U I/I}ICHTI/Iq)I/IKaHI/II/I nmaccaxmupoB, yI0CTOBEPE-
HUS UX JIMYHOCTHU (HpOBepKI/I nux ayTeHTl/I’-IHOCTl/I) 1, OIHOBPEMCHHO, MOXKECT BBITIOJHATH WU BBINIOJIHACT 3allIATY
HX MCPCOHAIBHBIX JaHHBIX.

OO0paryM BHUMaHKE Ha IOTOKM MUTPAHTOB, BO3HUKIIINE B HOBEHILEH ncropun EBporsl, a Takke Ha TpaH-
3UT MUTpaHToB B cTpanbl CeBepHoii EBpomsl yepe3 Poccuro. Cpenyt MUTpaHTOB 3aMEUEHBI HE TOJIBKO O€KEHIIBI
n3 crpad CpennzeMHOMOpBst U cTpaH bamxaero BocToka, 0XBadeHHBIX BOMHOW, HO M OOEBHKH — YYaCTHHKH
BOCHHBIX JICHCTBHI ¥ BOCHHBIX (DOPMHUPOBAHUM, HACMHUKH W TEPPOPHUCTHI, Pa3bICKMBACMbIC TIPABOOXPAHUTEIb-
HbIMHU opranamu Poccun 1 UaTepnonom. I[Ipospadnsie rparuust EBpocoroza (EC) marotr ©M BO3MOKHOCTH He3a-
MeTHOH murparn BHyTpH EC.

U, ecrecTBeHHO, Ha (hOHE HENPEPHIBHBIX TEPPOPUCTHUECKHX YIPO3 U MOTOKOB HEKOHTPOJIMPYEMOI MUrpa-
LMY BO3HHUKAET MOBBIIICHHBIH HHTEPEC K OMOMETPHUUECKUM TEXHOJIOTHSIM PACIIO3HABAHMS JIFOEH 1 COBMEIIEHHBIM
C HAMH TEXHOJIOTHSM IITPUXOBOro komuposaus [1]. Buomerpudeckue TexHomornu obecredar MpoOBEpKy ayTeH-
TAYHOCTU MUI'PAHTOB MPU TPAHCIPAHUYHOM KOHTPOJIC. Texnonoruu ITPUXOBOT'O KOAMPOBAHUA PCAIM3YIOT aBTO-
MAaTH3alu0 OMOMETPUUECKUX MPOIIECCOB, YHU(PHUKAIIMIO U KaTAJIOTH3AIIMI0 JOKYMEHTOB — YIOCTOBEPEHHI JTHUHO-
cTH, OBICTPYIO MPOBEPKY MX ayTEHTHYHOCTH 1 0€30MO0YHBII 0OMEH JJaHHBIMHM O MUTPAHTaX 10 YHHBEPCAIbHBIM
CTaHIapTaM M MEXIYHAapOoJHBIM KaHajiaM M T.J. V, KOHEYHO e, 37eCh JODKHBI MCIIONB30BaThCsl TEXHOJIOTHU
LITPUXOBOTO KOJAMPOBAHMS ¢ OoJee IUPOKUMHU BO3MOXKHOCTAMH M (DYHKLIMSIMH, YEM B a3pOIIOpTax.

B mae 2017 r. EBpomnelickas KOMHCCHS TUTaHUPOBaja MPEICTABUTh CBOU BBIBOJBI O IIEIECOOOPAa3HOCTH
cozmanust oOmmeit st Bcex crpad EBpocoro3a mH(pOpMAMOHHON CHCTEMBI, KOoTopast OyneT comepkarts OHOMET-
prueckue ganHble rpaxaan EC. OrcyTcTBue Takol CHCTEMBI M B3aMMHOTO AOCTyma wieHoB Coro3a K Hammo-
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TEXHONOI MW LUTPUXOBOIO KOOVUPOBAHWMA ANA SAOAY IULIEBOV BUOMETPUM ...

HAJIBHBIM 0a3aM 3aMETHO OCJIOXKHSIOT MPEBEHTUBHYIO 00pBOY ¢ Teppopr3MoM. B paMkax 3Tol 1 OZOOHBIX CHC-
TeM M MHHIMATUB HPEIIoJaraeTcsi, 4To Bee JIIOAM, Bhedkaromue Ha teppuropuio EC, OynyT nmpoxoauTs obs3a-
TEJIbHYIO aBTOPU3ALHIO, & aBUAKOMITAHUHU M TYPOIIepaTopsl JOJDKHEI IIepeaBaTh AaHHBIE O ACCAXUPAX U TypH-
CTax CIerciay0am cTpaH, B KOTOPBIE OHU COOMPAIOTCs. DTO MO3BOJIHT 3apaHee MpoBepATs npuoOsBaromux B EC
JIMI] HA IPHYACTHOCTD K TEPPOPHUCTHICCKOH aKTHBHOCTH HJIH IPYTHM CEPHE3HBIM MPECTYTUICHUSIM [2].

Cpenu OMOMETPUYECKHX TEXHOJIOTHH MOHMCKa M ayTeHTU(HKAIMK JIoJel OCOOEHHO NpHUBIIEKATEIbHBI
TEXHOJIOTHH, OCHOBAHHBIC Ha pacro3HaBaHuu n3o0paxenuit sui (UJI), B TOM 4uciie U ¢ MOMOIIBI0 MOOMITBHBIX
YCTPOMCTB, peanu3ylomux 3TH (QYHKIUH <«37ech M ceddac». B jomomHeHue K 3TOMY, HICabHBIM pElICHHEM
Moo ObI OBITH (HOPMHUPOBAHKE IITPUX-KOJA TOJIBKO TOIZA, KOIZA 3TO HYXKHO (T.€. B PeaibHOM BPEMEHH — HETO-
CPEICTBEHHO 10 JIMILY YeNOBeKa). B 3ToM ciyuae MACHTHGHKALMIO THOACH MOXKHO MPOU3BOAUTH «B MOTOKE» H
«Ha PACCTOSIHUM», HE3aMETHO JUIs CaMOro 4YeJIoBeKa, He TpeOysl OT Hero Kakux-iubo nedcTBuid. OTMETHUM, YTO
HEOOXOIMMOCTD HMCIIOIb30BaHMS MITPUX-KOJOB B GHOMETpHH Oblila OTMedeHa B pabote [3], a mepBoe mpuMeHe-
HHE ITPUXOBOTO KOa JJIst HaeHTH(MUKAIMH Jrozieit Obut0 mokasano B [4]. [pyrue uaeu ucnonb3oBanus 1D u 2D
IITPUX-KOMOB B TIPUJIOKEHHH K OGHOMETpHUH OBUIM TIpeACTaBicHbl B paborax [5-11], 0630p u aHaNM3 KOTOPBIX
OyzeT pUBEEH B CIEAYIONHX pa3ziesiax CTaTbu.

K coxasiennio, K HacToOsIEMy BPEMEHH HET MPUMEPOB MPAKTHUECKOTO MCIOJIb30BaHHS IITPUXOBOTO KO-
JMPOBaHMS B 33j1a4ax JIMIEBOH OnoMeTpun. IMEHHO MOATOMY B HACTOSILEH CTaTrhe CTaBITCS M OOCYXKIAIOTCS
HpOGHeMLI 1 IOJXO/IbI K pCain3alinu TEXHOJIOTHI IITPUXOBOTO KOAUPOBAHUA AJIA MPEACTABICHUSA Nl u 3alIUThI
nHdopmannu o UJI.

IIpeacraBaenne UJI B paMKkax IITPUXOBBIX KOA0OB

[TocraBuM Hamry 3ajady CIEOYIONIMM OOpa3oM: 3aaHO HCXOAHOE M300paKeHHE JIHIa, HHPOPMAITHIO O
KOTOPOM HEOOXOAMMO 3aIlMCaTh B paMKax 3aJaHHBIX MM BHIOPaHHBIX CTAaHIAPTHBIX [ITPUX-KOIOB.

[Tpu 5TOM BO3HHKAET HECKOJIBKO BOIPOCOB.
— O kako#i #HpOpMAIUK UAET PEUb?
- KaxkoBs! 00beMbI 3T0H HHDOpMAaIKu? M yeM OHM ONPeaesIoTCs ?
- Kaxyio eMKOCTBIO XpaHEHHUS! CHMBOJIOB JJOJDKEH MMETh IITPUX-KOJ AN 3alMCH HY>KHOW nH(opManuu o iau-

ne?

- Kaxoit mrrpux-kon (1D witu 2D) He06X0ANMO UCTOIB30BATh B 3THX CIIYYasix?

C y4eToM M3JI0KEHHOTO, LIEJIbI0 HACTOSIIEH CTaThH SBIISETCS TIOMCK U ITPEACTABICHNE OTBETOB Ha BCE OTH
Borpockl. OOIINi CLieHApUii PEIICHNs 3TOM 3a1a4l MOXKHO NPECTABUTH TaK, KaK MOKa3aHo Ha puc. 1.

1 3 5

Puc. 1. O6wmn cueHapuin peluaemon 3agadn: 1 — ucxogHoe n3obpaxkeHni nuu ¢ 68-10 aHTPONOMETPUHECKUMMU
TOYKamu; 2 — Brok KOAMPOBaHUS 3adaHHON nHopmaumn 06 nzobpaxkeHun nNuu,; 3 — oBYMEpPHbIE LUTPUX-KOAbl
(3pecb QR 1 PDF417), xpaHswwme nHopmMaLuuio B 3akogupoBaHHOM Buae; 4 — nekogep uHdopmaumm;

5 — KOHEYHBIN pe3ynbTarT, NoNy4YeHHbI BOCCTAHOBMEHNEM NU300paXKeHU N1L, U3 ABYMEPHOrO LUTPUX-Koaa

B xommnbrorepHoit 6uomerpuu MJI — 310 NByMepHas MaTpuIlla YUCIOBBIX 3HAYCHUMN, KAXKI0E U3 KOTOPHIX
3a/aeTcs, Kak MUHHMYM, OJTHUM OaiiToM, e€Ciii 3Ha4CeHUs BhIOMparoTcs u3 auanasona 0-255. TIpu stom WJI ms
mkanel GRAY mipencraBieHbl oHOM MarpuieH, nBetHbie MJI — tpems marpunamu. CTaHAapTHBIA pa3Mep 4u-
cioBoit Matpunsl B 6nomerpuun 320x240, a repmunax NJI — 320x240 nukceneil. 3aMeTnM, 4TO Ha MPAKTHKE KO-
HEYHbIH pe3ynbTar «5» Ha puc. 1 Mmoxker (HO He JODKeH) oTiuyarhest ot ucxoaunoro UJI. KoneuHslit pesynbrar
JOJDKEH COXPAaHUTh MCXOMHYIO TeOMETpHUYeCKyr (opmy u mpomoprum WJI, ero pasMepsl, mkairy u QopMar
MIpEeCTABICHUs (HapuMep, «.pNg», «jpg»...), a Takke (GpeHoTHN uenoBeka. [pu stom ¢enotun WJI sBisercs
OJHHMM M3 CaMBIX IJIaBHBIX €T0 IMapaMeTpoB, 0e3 3HaHUS KOTOPOTO HE MOTYT OBITH peIIeHbl HU 3a7a4a ayTeHTH-
(ukay 9emoBeKa, HU 3aqada €ro MOMCKAa U CPaBHEHHS C APYTHMH JHLAMH. V] B 3TOM COCTOWT TJIaBHas Ipo-
6nema npeacrasienus MJI B paMkax uX ITPUXOBOTO KOAUPOBAHUS.

Bo03M0OXHO, 4TO HMEHHO 3Ta MPoOJIeMa, a TaKKe OYCHb OOJbIoN 00beM uH(popMaruu o NI caepxuBaiu
NPUMEHCHUE TEXHOJIIOTUH IITPUXOBOTO KOAUPOBAHUS B OHOMETPHH.

NJI: ocHoBHast uHGopMAaLUs, ee BUABI U JONOJIHEHHUS
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Eme 20 et Haszax ocHoBHas uHbopmMaiws o MJI onpenessuiack TpeMst BUaaMu JaHHbIX: 2D-u300pakeHrnem
JIMIA; AaHTPOIIOMETPUYECKUMH TOYKaMH JIMIA; mapamerpamu (eHOTHIIA — [[BETOM BOJIOC, KOXH, ryd u mia3. [Ipu
atoM 2D-u300pakeHune Juia — 00bEKT UCCICIOBAHMS, IOUCKA 1 PACIIO3HABAHKS BO MHOTHX MPHJIOKECHUSIX, HAIPH-
Mep, B OHOMETPHH, KPUMHHAIUCTHKE, MEUIMHE (JIJTs1 OLICHKH TICHXO(H3UUECKOTO COCTOSTHHUS YeTIOBEKa), a TAKKE B
3aa4ax MOJCIUPOBaHus U peKoHCTpyKuu 3D-dopm muma. B cBoro ouepens, 3D-hopMel JInIa HCIONB3YIOTCS HE
TOJIBKO B 6I/IOMeTpI/II/I U MCIUIIMHE, HO TAKXKC U B 3aJa4ax J'IPIL[eBOfI XUpYypIruuv, B 3aaa4ax I[CI/I}IeHTI/I(bI/IKaLII/II/I — 3a-
LIUTHI JIMIA YEJIOBEKA OT PACIIO3HABAHUS, a TAKKE B 33[a4aX YSPEHHO-THUIECBOH PEKOHCTPYKLHH, IPUMEHACMOIT B
KPUMHHAITICTUKE M BOCCTAHOBJICHUH BHEIIHETO OOJTMKA HCTOPHYCCKUX TMYHOCTeH [12].

Bes urdopmarmm o (peHOTHITEe TOUCK JFOIEH 1Mo n300paxeHuto mia B mkane GRAY Bo3MokeH TOJBKO B
paMKax O4eHb OTrpaHUYEHHOH 0a3bl. JTa mpobiieMa OTYETINBO BHIHA U3 (POTOTIOPTPETOB, MOKA3aHHBIX HA pHUC. 2.
IIpencrasnennsie Ha puc. 2 nuna C peHoturnom ®1-O3 MOXKHO OTHECTH K JIOIAM MaJlOW pachkl eBPOICOMTHON
BETBH — I/IHZ[O-CpGI[I/ISCMHOMOpCKOﬁ 1 OaJNKaHO-KaBKA3CKOM.

Cketu

-mr'w-m

i

Puc. 2. Tpu dpeHoTMNa Ntogen u cKeTd, NPEACcTaBNALWNA KaXXaoro u3 Hux [13]

CkeTd MOXKET MPEACTABIATH BCEX ATUX Jtozieil (o hakTy — pa3HO# packl), HO HH OMHOTO M3 HUX TOYHO. B
MPaBOil YaCTH PUCYHKA MMOKAa3aHbI TC K¢ M300pakeHUs JIKII, HO TpeacTarieHHbie B mkajie GRAY. U, kak BuHO,
npezcTaBieHue o (eHOTUIE ITUX JINIL GOPMUPYETCsI yiKE HE TaK OTYETIIUBO.

3aMeTHM TaKke, YTO MoAoOHe MOPTPETOB ATUX JoAeH mo anTpornomerpudeckum Toukam (AIIT) nwuua
TaKKe He JIaeT rapaHTHu o rnojoduu ux ¢penorunos. C npyroit cropoHsl, Ha ocHoBe AIIT, momy4eHHbIX U3 ABYX
ucxonubix 2D-u300paxkenuii (aHpac W B mMpoduib), peanrusyercs camblii mpoctoi crmoco6 mnomydenus 3D-
MOJISNIeH JIUL, TIPH 3TOM (EHOTHUII SIBJISETCS 3[eCh HamboJiee BAXHOH HH(pOpMaIHeil, MOCKOIBKY OIpenesnseT
TEKCTYPY TaKUX MOJICIICH.

B nocnenHee Bpems, OfHAKO, KaK ITOKa3bIBaeT NMPAKTHKA XKHU3HH, HEOOXOMUMO YyYHUTHIBATh U I'€HICPHYIO
uH(bOPMAIHUIO, T.€. MOJ JIoAeH. U1 CBsI3aHO 3TO ¢ TE€M, YTO TPAaHCICHACPHBIC IEPEXObI YeIoBeKa (OQHUM U3 dJie-
MEHTOB KOTOPOTO SIBJISICTCSI KOPPEKIMS WIIM CMCHA I10J1a) CTAHOBSTCS OOBIICHHBIM SIBJICHHUEM, a IPU3HAHKE HYe-
JIOBEKOM CBOCH MPUHAIICKHOCTH K OMpPENEICHHOMY Moy (KaMHHT-ayT) HE BCEr[a COOTBETCTBYET TOMY, YTO
MOYHO YBH/IETh Ha ero (oTonoprpere’.

Haxonen, 6e3 BHUMaHHMsI HEJIb3sl OCTABUTh M NPOOJIEMY '€HETHYECKOro MITpUXoBoro koauposanust JJHK
(DNA-barcoding). U3secto [13], uTo B KaKIOM >XHBOM OpraHH3Me HEKOTOpas CTaHIapTHas MOCICIOBATEIb-
HOCTh HykieotunoB (oTpe3ok IHK) siBiseTcs ero yHHKaqbHBIM T'€HETHYSCKHUM KOIOM, MO3BOJISIOLIMM OIHO-
3HAYHO OMNPEJNENTUTh BUIOBYIO NPUHAIICKHOCTh OpraHu3Ma. Eciy nmpencraBuTh 3Ty MOCIeN0BaTeIbHOCTD HyK-
JICOTUIIOB B ()OpME IIBETHBIX MOJIOCOK, TO OHA CTAHOBHUTCS MOXOXKEH Ha MITPUX-KOA, XOTs BIEPBEIC 3Ta MOCIEN0-
BaTENFHOCTH OBLITA TIpeAcTaBIcHa B (popMe depHO-OeIbIX ToI0C pa3Hoi mupuHbL. C 3TOTO MOMEHTA U TOSBUJICS
TEPMUH «T€HETUYECKUMN IITPUXOBOU KOI».

CTaHzapTHYIO MOCIIEA0BATEILBHOCTh HYKICOTHIOB XOPOLIO MOHUMAIOT U YHTAIOT OMOJIOTH, HO €€ TaKxKe
MOJKHO MEPEBECTH KaK B OPUIMHAIBHBIN, TaK M B CTAHIAPTHBIN WITpUX-KoA. Tak, B pabore [14] npuBeneH mpu-
Mep OPUTHHAIBHOTO IITPUXOBOTO KOJa, KOTOPBIH MPEICTABII YCIOBHOTO YeJIoBeKa. DTOT IITPUX-KOA OTpaxall
24 napbl HYKJICOTHJIOB:

CCACGTCCCCGGTTGGCCAACGGGCCACGT CTACTTAAGGTTATACAT

u ucnonb3oBaics it JJHK-uneHTHQHKAINN THYHOCTH B OTPaHWICHHOW MOMYISuH Jitonei. [Ipumep mocnemo-
BaTEIFHOCTH HYKIICOTUIOB U CIOCOOBI e¢ MpEeACTaBICHUS B (opMe NBETHBIX nooc U QR-koma mpuBeneH Ha
puc. 3. IlpuBenennsrii Ha puc. 3 QR-koq MOXXKHO TPOYHTATH M YBHUIETh NEpEUMCIICHHE BCeX 48 HyKICOTHIOB,
TIPUBEICHHBIX BHIIIIC.

U, xots mpobieMa TeHEeTHYSCKOTO IITPUXOBOTO KOAWPOBAHKS BBIXOIUT 32 pPaMKH JIMIIEBOW OHOMETpHH,
cama JIHK sBrsieTcst omHOM U3 MOANbHOCTEH OMOMETPHH, U €€ TPEICTaBICHIE B paMKaX CTaHAAPTHBIX IITPHX-
KOZIOB ObLJIO OBl 4pe3BbIYANHO Ba)KHBIM sl pakTHku perieHus 3anad JJHK-unentudukanmm monei, a takxe
COBEPIICHCTBOBAHHMS JOCTYyINa K COOTBETCTBYIOIIMM 0a3aM u Oubnnorekam. [locnenHue MOru Obl MIMPOKO HC-
ITOJIB30BATBCA HE TOJBKO 6I/IOJ'IOFaMI/I, HO U crenuajucraMmM B MCIUIIUHE, KpI/IMI/IHaJ'II/ICTI/IKe nu cy;[e6Ho-

! https://ru.wikipedia.org/wiki/kamunr-ayT

HayuyHo-TexHu4ecKknii BECTHUK MHCDOPMALMOHHBIX TEXHOSOMMIN, MEXaHUKM U ONTUKMK, 75
2018, Tom 18, Ne 1



TEXHONOI MW LUTPUXOBOIO KOOVUPOBAHWMA ANA SAOAY IULIEBOV BUOMETPUM ...

MEIUIMHCKON JKCIIEPTU3E, HAPUMEDP, B NPOPECCUOHANBHBIX M YUEOHBIX LENAX. Bce CKa3aHHOE BbIIIE MOXKHO
orHect u K npobneme JIHK-dunrepnpunTuara (DNA-fingerprinting).

Koauposka QR-xon
HyKﬂeOTI/IHOB .
B sememwii | CC AT GT CC AT AC AT | (= s 5'

i

CHUHUU
YEPHBII ettt
KpacHBIH !

Puc. 3. NocnenoBaTtenbHOCTb HYyKneoTnaos n crnocobbl ee npeacrasneHnsa

4l olo|»

Hcxoas u3 BCEro OTMEYEHHOTO BBIIIE, TPH OCHOBHBIX BUaa nHpopMmanuu o e (camo WUJI, AIIT u de-
HOTHUI) OyIyT paccMaTpuBaThCsi HAMH B HACTOSIIEH cTarThe, KaKk OOBEKTHI IS MITPHXOBOTO KOAUPOBaHHsS. WX
JIOTIOJIHEHKe reHiepHoit nndopmaied u nadopmaryeit o JJHK u cooTBeTCTBYONMMU UM IITPUX-KOAAMU OyAeT
MPEACTaBICHO SAMHUYHBIMU IPUMEpaMH.

O0beMbl MHGOPMALUH IJIsSI IITPUX-KOAUPOBAHUS B JIMIIEBOil 0MOMeTpUH

Ecnu pemaercs 3amada nosHoro BocctaHoBieHus WJI aist ero BU3yalbHOTO HPEICTABICHHUS W BOCHPH-
SITUSL 9€JIOBEKOM, TO MCXOJHbIE 00beMBbl 3TOH MH(OPMAIMH ONPEACISIOTCS PSAAOM MapaMeTpoB, 00CYKIaeMbIX
HIDKE.

Jlist BeTHOTO M300paskeHus Juia 9ToT 0oseM coctasisieT (MxNx3), a ais u3o6paxenus B mkaie GRAY —
(MxN), tme M u N — grcino cTpok u cTonboB nzobpaxenns. CTaHmapTOM B OHOMETPHHU, HAIPHUMED, ABISETCSI
npencrasienue UJI pasmepom 320%240 nukceneii, B KOTOPOM 00iacTh Jiniia 3aHumMaet He meHee 80%.

JIi1st aHTPOTIOMETPUYECKUX TOUEK UCXOHAs HH(MOPMAIUS MPEeCTaBICHA MaTpUIiel KoopauHar (X, Y) pas-
MepoM He Oosnee PX2 u, BO3BMOXKHO, KaK JOMOJHHUTENbHAS uH(OpMainus — P 3HaueHUSIMHU SIPKOCTH MUKCENIeH
u (win) P 3HaueHUsIMU DIyOMH B 3THX KOOpAMHATAX (Y4TO HEOOXOMMMO i peKoHCTpykuuu Moxaenu 3D). Ipu
aToM BepxHss rpanuna P<100, a HIKHSS TpaHULa ONPEAEIIETCS] HHANBUIYAIbHO B KaXKJOM OTJEIHLHOM IPHIIO-
JKEHUHM WM, BO3MOXHO, Ha ocHoBaHMM nH(opmaruBHoctn AIIT. Kak mpumep Takoro BbIOOpa paccMOTpUM
puc. 4. 3necp nokazaHo ucxoanoe MJI ¢ HaneceHHbiMu Ha Hero 68 AIIT (puc. 4, a), aBTOMAaTHYECKH TIONY4CH-
HBIMH II0 AJITOPUTMY, IpeacTaBieHHoMy B [15].

WJI u paccTostHus
oT KoHunka Hoca 160
1o Bcex AIIT

Osau nuna \bposu | Hoc | I'masa Ob6nactb pra

140
120
100
80

60
40
Nee!
20 1 \.;;"
0 10 20 ?;0 " 40 50 60 68
a 6

Puc. 4. N3o6paxeHne nuua, 68 aHTPONOMETPUUECKNX TOYEK (a) U pacCTOsIHUSI OT HUX A0 KOHYMKa Hoca (6)

Hanee nHa rpaduxe (puc. 4, 6) mas 20 U1 u3 6a3e1 CUHK [16] nmokasana 1uHaMHUKa H3MEHEHHI PACCTOSHUN
OT 3THX TOYEK JI0 KOHYMKA HOCA, IPHHSATOIO 3a LIEHTP oBaia Juua. M3 puc. 4 BUOHO, 4TO HauOOJbIIas JUHAMHKA
W3MCHCHUH PACCTOSHMI HAONIONACTCS HA OBAJIC JIMI] U 110 obyactu pra. [Ipu 3ToM paccTostHus 1j1st obacTeid opo-
Beif, HOCA W IJ1a3 He TaK CHJIbHO U3MEHSIOTCS, YTO, BOBMOXKHO, CBS3aHO C MPEIBAPUTENHLHOI HOpMaliM3alyeil Bcex
WJI. Or™eueHHbIH (akT MOXXHO HCTIONB30BaTh Juis BeIOOpa Tex AIIT, koTopble coxpaHsIoT HHAMBHAYaabHOCTH UJT
Jlaxke TIPY MX MIpeIBapUTEIbHON HopMai3auu. Takux Touek Habupaercst Becero 37. M TOIBKO MX MOXKHO OCTaBHUTh
JUISL 3aITMCH B IITPHUX-KOJIE, €CJIN, HAIIPUMEp, OHH UCTIONB3YI0TCs B anroputMe cpasHenus UJI. B ciyyasx ucmons-
soBanus AIIT (puc. 5) mis neneit pekoHCTpyKIH 3D-(GopM MOBEPXHOCTH JIMIA HEOOXOMMMO HCIIONB30BaTh HE
TOJNBKO 3TH 68 TOYeK, HO U, BO3MOXKHO, HEKOTOPBIE TOMOMHUTENBHBIC TOYKHA Ha 00JacTH j10a, 00JacTsax Hoca ImpaBee
1 JIeBEE €TO IEHTPa U BEpXHEH YacTH TOJIOBBI. Pe3ynbrar TpHaHTY/SIIUM ¥ BapHaHThl 3D-(opm Jmma, TocTpoeH-
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HBIX Ha OCHOBe 68 Touek, Takke Ioka3aHsl Ha puc. 5. [Ipu 3ToM BHIHO, 4TO TekcTypa ucxoxHoro MJI onpenenser
TOJIBKO BBIJIEJICHHBIE YacTu uia B 3D-hopme, HO He 0XBaThIBacT 00JIacTh J10a M BEPXHIOIO YacTh IoJIoBEL. VIMeHHO
mo3ToMy BepxHsisa rpanuna ncia AIIT Osu1a Hamu onpenenena kak P=100.

Puc. 5. N3obpaxxeHne nuua ¢ 68 Toukammu Ha HeMm (Q), pe3ynsraTt TpuaHrynsuum (6) n 3D-mogenu nuua (B)

s mapameTpoB (eroruna MJI ucmons3yroTcs Kak BepOaabHOE OMUCAHWE, TAK U IIBETOBAs raMma, 3a-
JIaHHasl, HAPUMEP, TUCTOTPAMMOM MM YUCIOBBIMHU 3HAYEHHUSIMHU MHKCeNei st obnacTtell Bojoc, a3, Ty u
OTJIENIBHO JIJTSl KOXKH JIMIIA.

Hanpumep, npu BepOaIbHOM OMHUCAHUU LBET BOJIOC MOXET OBITh MPE/ICTABICH KaK «OJIOHIUH, PhDKHH,
nraren, oproner» (blond, red, brown, black hair); masa — xak «cepsie, rony6bie, Kapue, 3eneHsie» (gray, blue,
brown, green); koxa nuIa — Kak «TeMHO-KOpHUYHEBAs» (C OTTEHKAMH OT CHHE-YEPHOTO 10 MIOKOJIAIHOTO), «CBET-
JI0-KOpHUYHEBast U CBETIas» (C OTTEHKaMu OT ceporo o 6emnoro). [Ipu 3ToM 1BeToBast raMma, Kak (DeHOTHIT, JTyd-
i€ BCEro Mepeaaercs B caMOM I[BETHOM H300paKCHUH 3HAYCHHSIMU €ro IHKCelel, 4yTo TpedyeT COXpaHEeHUs
(MxNx3) uncen (kak MUHAMYM, 110 ATy Ha YHCIIO).

Ecnu perraetcs 3agaua ucnons3osanust nHpopmanuu o NJI 1s ero aBTOMaTH4eCcKOro MOUCKa, TO 00beMbI
uHpopManuu o peHoTume OymIyT 3HAYMTEIHHO MEHBITMMHE (YeM MOKa3aHO BBIIIE), MOCKOIBKY B 3ToM ciydae NJI
MPEJICTABISIETCSl HAOOPOM BBIOPAHHBIX B PE3YNIBTATE CENEKIMH WK PEIYKIIUU MPU3HAKOB, HCIOJIB3yEMBIX B CHC-
TeMe pacro3HaBaHus. Tak, SpKOCTHAsE THCTOTPaMMa, MHTETPAIbHO MPEICTABIISIONIAs OIICHKY [[BETOBOM TaMMbI
WJI, tpebyer Tonbko 3XBIN uncen, roe BIN<<256. A B 3amauax moucka n3o0pakeHUH TUCTOrpaMMa SIBIISIETCS
OJIHMM W3 OCHOBHBIX HHCTPYMEHTOB TTOUCKA (CM., Harpumep, [17]).

OTHOCHTEITbHO TeHETHYECKOTO IITPUX-KO/[a YeTOBEKa U MPECTABICHHS €r0 B PAMKaX CTaHIAPTHBIX CHM-
BOJIMK OTMETHM ciienyrornee. Kak Obl10 mokasano B [14], juis orpaHHyYeHHOM TOMYJISIMA JIFOAEH [UTHHA CTaH-
JApTHOM TIOCIIEI0BATENFHOCTH HE TaK BEJMKA W JIETKO MOXET ObITh 3amucaHa B pamkax QR-komor (takoit QR-
KOJI TTOKa3aH Ha puc. 3). JlMHa CTaHIapTHOM IOCIEI0BATENFHOCTH HYKJICOTHIOB YEIOBEKa B TEHEPAIBHOM €ro
COBOKYITHOCTH TIOKa YTO, BUANMO, HE COBCeM sicHa. Hampumep, it Meimu [13] reHeTHUECKHiA KO COCTABIISIET
648 nap Hykineoruaos, T.c. moutu 1300 cumBonoB. Eciu a1 yenoBeka oH OyleT NpUMEPHO TaKOTO XKe pa3Mepa,
TO (hOopMaNbHO HET MPEMATCTBHI IS ero 3amucu B pamkax QR-komoB.

HpﬂMele noAroroBka aanubix o UJI st HITPUXOBOI'0 KOAMPOBAHUSA

Oo6mas napopmanus o NJI onpenensercs ero pasmepamu M u N, kotopas 3aaeTcss KOHKPETHBIMA YHUC-
JICHHBIMH 3HauCHUsIMH. Pa3Mepsl YrcIoBBIX Marpuil, npeactasistonmx NI, o6cyxnamucek Beimre. M 3meck cpasy
OTMETHUM, YTO Ha CETOMHSIIHUN JIeHb 3ajiada MoJHOpa3MepHoro npenacrasieHus WUJI s Ouomerpuu B pamkax
JMHEHHBIX, OMHOCIOWHBIX M HE KOMIIO3UTHBIX ITPUX-KOJOB TaK M He pemieHa. Mcxons u3 atoro u 3aberast Brie-
pel, OTMETHM, YTO 3Ta 3a/la4a MOXKET ObITh OTHOCHTENHHO MPOCTO pelIieHa B paMKax IIBETHBIX IITPUX-KOJOB,
CTPYKTYpa KOTOPBIX MOI00HA [[BETHBIM H300paxkeHusiM. [IpuMepsl aToro OyayT odcyxaarses B paszene «Kpure-
pHH /7St BBIOOpa HOCHUTEJIS INTPUX-KOIA».

IMocmoTpuM, uTo ke ¢ ocTanbHoi nHpopMmanueii o MJI? B kakux cMMBOJIMKaxX €¢ MOXKHO pa3mMecTuTh? U
4TO 06 3TOM rOBOpHT MpakThuka? Hampumep, B miuoHepckux paborax [6, 7] mpeayiokeH HOBBIN THIT JByMEPHBIX
IITPUXOBBIX KOIOB, KoTOphie aBropbl HasBamu HCC2D (High Capacity Colored 2-Dimensional). o cBoemy
CTPOCHHIO 3TO MHOTOCHOMHBIE QR-KOIBI, KOTOPEIC B TAKOM CIIy4ae CTAHOBSATCS I[BETHBIMHU. [Ipy 3TOM MOKa3aHo,
4T0 eMKocTHbIe Xapakrepuctukn HCC2D-konma 3HaYHTENEHO MPEBOCXOAAT XapakrepucTuku QR-koma, HO co-
XpaHsIT Bce qoctonHcTBa QR-KOJOB M0 00€CIeueHH0 3aIUIIIEHHOTO COXPaHEeHUS M 0e30MMO0YHOTO YTCHHUS
nHpOopMannH 13 HUX TpHu noTepe gactu meMerToB HCC2D-kona 1 ero moBopoTe Ha IIOCKOCTH. Takke moxasa-
HO, uto mtpux-kox HCC2D, kak QR-kozpI, MOXKHO HCIIONB30BaTh B MOOWJIBHBIX MPIJIOKEHUSAX. JTa Ke TPyIa
ABTOPOB MPEJICTABIIIA CBOU UCCIICIOBAHMS 110 3allMCH BHIOPAHHBIX MTPU3HAKOB, MpeacTapsiionmx NI, B mrpux-
kox HCC2D, cumnThiBaHMHU €€ W MCIOJIb30BaHMU €€ B 3ajadax pacrosnasanus WJI [8, 9]. Jns skcTpakiuu mpu-
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3HaKoB n3 NJI HCIIoIp30BaNCh TPH MOAXOAA: CIIEKTPAIbHbIE KOMIIOHEHTHI, BEIYUCIICHHBIE B paMKaX HPOLEAYpbI
«eigenfaces» na 6ase meromoB PCA (Principa Component Analysis) u LDA (Linear Discriminant Analysis);
pacuer u Bei6op AIIT; mouck oco6rix (kimodeBsix) Touek Ha MJI ¢ momomibio aeckpunropoB SURF. Kak okasa-
JI0Ch, IEPBBIA NOIX0 00eCIeurBal MUHIMYM YHCiIa IPU3HAKOB IS Iocieayomero pacrnosnasanus NJI, koro-
pble MOXKHO ObUTO pasmecTuTh B mTpux-koge HCC2D, HO TpeGoBas CONpOBOXKICHUS €ro HabopoM (YHKIMN
coOCTBEHHOTO 06a3uca, KOTOphIE TaM yxke He momecTuTb. Yucno koopaunar ATII (ro nBa Gaiita Ha KaXIyro) st
noctpoenusi mojHoN mozenu suna (B Gopme Active Shape Model u Active Appearance Model [8, 9]) takxe
npeBocxoquiio Bo3mMokHocTd HCC2D. Tpetuii moaxoA ¢ BBIOPAHHBIM YHUCIOM OCOOBIX (KIFOYEBBIX) TOUYEK ITO-
3BOJISIT pa3MecTUTh ux B mrpux-koge HCC2D. B utore aBropsl [8, 9] ncmonp30Bann KOMIPOMHUCCHBIN BapHAHT
pemeHns 3ana4un pacriosHaBanus MJI B cucreme, rae mepBblid M BTOPOH MOIX0A oOecneynBain penoopadoTKy
WJI, a TpeTnit — npu3HAKH JUI paclio3HaBaHUs, KOTOPBIC 3alMCHIBAJIMCH U CUUTHIBAIKMCH B cucteme. [Ipu aTom
MIPEJIIoNIarajioch MCIONb30BaHne (pr3mueckoro pasmepa 147x147 momyneil Ans MOCTPOCHUS CHMBOIHKHU KOOA
HCC2D B stoii 3amade. OqHaKo JaNbHEHIIEro NIMPOKOTo npuMeHeHus mrpux-koga HCC2D B Ouomerpun Bce
e He yIanoch 0OHAPYXUTh. BO3MOXHO, YTO Ha 3TO IOBIHMSIN HE COBCEM YauHble (M HECOBPEMEHHBIE) CIIOCO-
OBl 9KcTpakiuy npuszHakoB u3 MJI. Ho miaBHBIM OBUIO BCE-Takd TO, YTO aBTOPHI MCIOJIB30BAIM TOJIBKO CTaH-
naptasble Uit QR-koza criocoOsl 3anmcu U npeacTrasienus nHpopmauuu B ciosx HCC2D.

Kak ynomuHanoce Bbllle, HanOonee BaxkHast nHpopmanus o UJI — aro ero deHorumn, a Hanbosnee sicHOE
€ro ONMcaHue OCHOBAaHO Ha BepOasibHOM npezcTapieHun. Kak npumep, peHOTHIT MOXKET OBITh IPE/ICTaBIIEH LIBe-
TOBBIMH XapaKTePUCTUKAMHU NPUMHUTHBOB JIMIA, IPUBEICHHBIMU B TaOIHUIIE.

Ipumutus UJI Xapakrepucruka 1o ¢gpeHoruny
HAIR blond redhead brown brunette gray-haired
EYES gray blue brown green not known
SKIN blue-black dark-brown light-brown light-light not known
I{Bet BoJIOC OJIOHINH pBLKUN maTeH YEPHBII cenon
LBer rma3 cepbli roy0oif KOpUYHEBBIN 3€JICHBIN HE oIpezeieH
OTTEHOK KOXHU rory0oit TEMHO- CBETJIIO- CBETIIBII HE ompeneneH
KOPUYHEBBIH KOPHUYHEBBIN

Tabnuua. Bep6aanoe onncaHne q)eHOTI/II'Ia, npeacraBneHHoe LUBETOBbIMU XapakKTepUCTUkamMmm

Bo3MoxHO, 4TO Tabiuna He COBCEM TOYHA M HE COBCEM IIOJIHA, HO M M3 Hee yXKe BUIHO, YTO BepOanbHas
uHdopmanus o penorune NJI He noTpedyeT OONBIINX PECypCOB MaMSTH, MIOCKOIbKY HanOobllee YUCiI0 OyKB U
3HaKOB coctapiseT 66 (10+9+11+7+12+17), ecnu pEHOTHUIT OTIPEICIICH XapaKTEPUCTHKAMH, HMEIOIMH B OIH-
CaHMsX MPUMHUTHUBOB MaKCUMaJbHOE YHCIIO OYKB U 3HaKOB. B 3TOM ciydae Bcst nHGopMauus o heHOTUIIE MOXKET
OBITH pa3MelieHa B paMKax JIMHEHHbIX mTpux-koaos Code 128 [18].

Hanpumep, B pamkax cranmapta mrpux-koga GS1-128 (unu Code 128) dheHOTHI MOXHO TMPEACTaBUTH
crioco0amMu, MOKa3aHHBIMH Ha pUC. 6. DTH ITPUX-KOJBI MOITYYEHBI aBTOPaMHU HACTOSIICH CTaThbH C ITIOMOLIBIO
nporpammsl B cpene MATLAB ¢ ucrons3osarueM npoueaypst barCodel28gen.m, noctymsoit Ha caiite’.

3-ypoBHeBbIi mTpux-kox GS1-128

Jlunetinbiii mrpux-kox GS1-128
(6e3 nneHTH(hUKATOPOB YacTeii Tena)

AIR: brown
“ EYES: gray “ M |“
- I‘

blue plack
denotur: blond; gray; blue-black
SKIN: blue-black

Puc. 6. NpeacraeneHve BepbanbHoOro onncaHus geHotmna B pamkax Code-128

I

Pemiennsi, nokazaHHble Ha puc. 6, MOXKHO paccMarpuBarh Kak OIMH U3 BO3MOXKHBIX CIIOCOOOB TpeCcTaB-
JeHus GeHoTuna uL Jroaeit. B nomonnenue x ¢geHotumy, B pamkax Code 128 MOXHO MPEACTaBUTH U TeHACP-
Hy!0 MH(POPMAIMIO, yKa3aB KOHKPETHBIN MO yenoBeka. McxoqHoi nHpopMarmei 11 Takux ITPUX-KOJ0B MO-
I'yT OBITH JaHHBIC U3 MPUMEHIEMBIX CErOHs JOKYMEHTOB (HampHMep, 3arpaHUYHbIX MACIOPTOB, JUYHBIX JUCT-

! http://freesourcecode.net/socialtags/ barcodes
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KOB I10 Y4YETY Ka/pOB), IaHHbIC, OIYYCHHBIC BU3YAIbHO PH IIEPBOM KOHTAKTE C YEJIOBEKOM BO BPEMsI €0 Peru-
CTpalLlMH, a TAKXKe Pe3yNbTaT ACKIAPUPOBAHMUS 110J1a MO MPOLENYPE «KaMHHI-ayT».

B pa6otax [10, 11] 6suti mokasaHbl CIoco0bI TpeacTaBaeHus GeHoTHna B popMe THCTOTPaMM H TPajIu-
eHroB sipkoctu WJI, 3anucannbix B mtpux-kogax cumBoinkn EAN: EAN-8 u EAN-13. DTot cnocob BO3HUK Ha
uaesx OMONOrHYEecKOro Koja jmna denoBeka [19] u ero KOHKpeTH3aumuu A KaKIOro OTACIBHOIO YelloBeKa,
4TOOBl YHUKaJIBHO NpesacTaBisaTh Gpenorun no WMJI. I'ucrorpammer sipkocti UJI u rpaauentst sipkoctu U1 BbI-
YHUCIISIUCh Ha OTPAaHUYEHHOM 4YHCIIE MHTEPBAJIOB, MOCIEAYIONIEM KBAHTOBAHUM PE3y/ibTaTa B JHala3oHe Jecs-
tuuHbIX 1Hep ot 0 10 9 u tabmmunoM (mo crangapram EAN-komoB) mpeoOpa3oBaHHUM €r0 B OKOHYATENbHBIN
wtpux-koa. IIpennoxennsie B [10, 11] penteHus He TpeOYIOT OONBIIMX BBIYUCIUTEIBHBIX 3aTPaT, a TaKKe HC-
TI0JIb30BAHUS CIICLHAIN3UPOBAHHBIX MTAKETOB MIPOTrPaMM 110 00paboTKe N300pakeHHi, 4TO CO3IaeT YCIOBHS IS
(hopMHpOBaHUS MITPUX-KOAOB B paMKaX MOOMJIBHBIX cucTeM. Kak ciemyer n3 pesyiasTaToB TECTUPOBAHUS, HIpe-
crapiennbix B [10, 11], mpemioKeHHbIE PEIICHHS OMPEASIIA HOBOE PEIICHHUE /IS MPAKTUKH HCIIONB30BAHUS
IITPUX-KOOB B PEANIbHBIX YCIOBHAX — JUHAMHKHM W3MEHEHHs IapaMeTpoB H3o0paxxeHuil nuu. [lokasano, 4to
MOJTy4aeMble MPU TAKUX CIIOCO0aX MITPUX-KOIBI OCTAIOTCS CTAOMIBHBIMU IIPH M3MEHEHUH JIOKAIBHBIX Pa3MEPOB
JIML, HAKJIOHE B IJIOCKOCTH XY, H3MEHEHUH PAaKypca M 3epKajJbHOM MOBOPOTE BOKPYT BEPTUKAIBHOM OCH, a Tak-
e TIPY U3MEHEHHSIX MUMUKH JIMLA U HAJTMYMK Ha HEM TEHEH OT JIOKAJILHOTO OCBEIICHHSI.

Bapuantsl npencrapienus penoruna jauna B konax EAN-8, ocHoBaHHBIE Ha TMCTOrpaMMax M I'paJUeH-
Tax SPKOCTH, mpuBeAeHbI Ha puc. 7 [10, 11]. 3xech moka3aHo, YTO MITPHUX-KOJ OCTACTCS HEH3MCHHBIM C H3MEHE-
HHUEM BBIpOKCHHUS JIMIA U TIPH U3MEHEHHH BO3pacTa 4enoBeka. [pyrue npumepsl nokazansl B [10, 11] u apyrux
paboTax aBTOpPOB HACTOSIIEH CTATHH.

99864576 Bospacrt 24 roma Boszpacr 61 roz[lo 89865475

5
o | HUNRHRK
12345678
Barcode EAN-8 Barcode EAN-8
-.IA .3 . ¥ Vo “
99864576 89865475
a §) B r

Puc. 7. MNMprMepsl LITPUX-KOQ0B, OCHOBaHHbLIX Ha rMCTOrpamMmmax v rpagueHTax sipkocTu: O4HO U TO e NnLo
C pasHou akcnpeccuen (a); wrpux-kog (Barcode) cooTBeTCTBYOWMIA 3TUM ABYM Nuuam (6); OAMH U TOT Xe
YenoBeK C pa3HbiM BO3PaCcTOM (B); LLUTPUX-KOL, COOTBETCTBYOLUA 3TUM nuuam (r)

Opnnako pemienusi, npemnokennsie B [10, 11], He mONMYyYUITH NAITLHENUIIEr0 Pa3BUTHS BBHY OIPaHUYEH-
HOM emrocTH komoB EAN-8 m EAN-13 u He BO3MOXKHOCTH 3amucu OyKBEHHOW MH()OPMAIMU W CIICIHAIIBHBIX
3HaKkoB. MunycoM koj0B EAN-8 1 EAN-13 sBisiercst Takke HEOOXOAMMOCTH HCITOIB30BaHUS MEPBEIX TPEX 3Ha-
KOB IITPHUX-KOJa KakK CIyXKeOHOM MH(pOpMaImu (TMPUHAICKHOCTH K CTpaHe M3TOTOBHTEINS TOBapa) WM, Kak
cBoboaHoro mITpux-komaa ¢ npedpurcom 200-299. Onnaro nanpheiitiee pasputue uaei [10, 11] moxet GbITH OC-
HOBAHO Ha MCIIOJb30BaHUH [[BETHBIX MITPUX-KOI0B Ha Gaze Code 128.

Haxoner, ueTBepThIii ciocod onucanus (GpeHoTHIIa JIKIa OCHOBAH Ha YIPOIIEHHOM IPE/ICTABICHUH KaXK-
JIOM OTIEeIBHOM 00JaCTH JIMIlAa OJHUM YUCIOM 11BeTOBO# rammel RGB [5]. Takoe yrporieHHoe mpeacTaBieHue
NJI 1 coOTBETCTBYIOIIAs 3TOMY JIHIly Tabiuia 3HaueHuii RGB moka3ansl Ha puc. 8.

OpuruHai 1 ynpouieHHoe
Ipe/IcTaBIeHHEe o0acTe Jnia O6mnactu MJI 1 mapameTpsl IBETOBOM raMMBbl
Obaacth
Juna RED | GREEN Tun/uBer
20 20 20 UepHblit
Bonocsr 205 205 0 Pookuit
150 75 50 [laten
I'yOBr 240 90 100 Po3oBeli
Koxa 250 200 180 AbGpukoc

Puc. 8. Cnocob onucaHus ceHotuna nuua [5]

ABTOpSBI cTaThH [5] opreHTHpOBaIKCH Ha Hcmob30BaHne QR-ko/a, 0IHAKO HE OYCHBb TOYHO MPEACTABUITH
€MKOCTb JaHHBIX, 3amuceiBaeMbix B QR-kom. Kpome Toro, B ctathe [5] He ObLIO MPUBEICHO TAHHBIX O MPaKTHYe-
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CKOH peanu3anuy 3TOTO CrIocoda, a Takke He IMOoKa3aH MPUMEp HCIOIb30BaHUS YIIPOLIEHHONW MO JIMIa B
KaKoM-TH00 NpHIoKeHHH. TeM He MeHee, OPUTHHAIBHOCTD 3TOTO MOAXO0/A 3aCIyKUBAeT BHUMAHHUSI M OIPOOHI-
BaHMS Ha IPaKTHKE.

Kputepuu 1i1st BbIOOpa HOCHTEJISI IITPUX-KOAA

Kaxmpiii THI (CHMBOMNHKA) ITPUX-KOZA pa3pabaThIBaics Ui JOCTIDKCHHS HAWIYYIIAX MapaMeTpoB IO
OJIHOM MJIM HECKOJIbKMM XapakTepucTukaM. Cpean 3THX XapaKTepUCTUK Mbl 00paTM BHHMaHUE Ha T€, KOTOPHIC
MODIH ObI OBITH CBS3aHBI C BO3MOXKHOCTSAMU HanboJiee MOJHOro npeacTasieHus uapopmanuu o UJI (cMm. pasae-
nbl «MJI: ocHOBHAsI HHOpManus, ee BUABI M JONMOIHEHHI» U «O0beMbl HH(POPMAIMU IS INTPUX-KOTUPOBAHHMS
B JIMLIEBOI OMOMETPHH») B CTAHJAPTHBIX CHMBOJIMKAX IITPHXOBOTO KOAUPOBAHUSL:

1. emkocTth HH(pOpPMAINH, JOCTATOYHAS [T 3amucy U xpaneHus nBetHsIx WJI u AIIT;

2. BO3MOJKHOCTD 3aIlMCH CIICIMAIBHBIX 3HAKOB, a Takxke H(poBoi HH(GOpMaLuK, B TOM Yucie U B (hopme 9u-
CJIOBBIX MATPHII;

3. MaKCHMaJIbHBII F€OMETPUYECKHI pa3Mep CUMBOJIMKH LITPUXOBOTO KOJIAa M BO3MOXHOCTD YIIPABJICHHS UM;

4. BO3MOXKHOCTH 3aIIMCH OYKBEHHOH MH(OPMALK HA KUPWUIKLIE U JIATHHULIE,

5. mpocrora 3amucy ¥ CUNTHIBAHUS HHPOPMAIIMHU U TIOIYJISIPHOCTh UCIIOJIB30BAaHUS IITPUX-KO/a B OBITY.

KoneuHo, myHKT 1 He BBINOJIHUM HU OJTHOM M3 CTaHAAPTHBIX IITPUX-KOIOB.

Eciu cpaBHUTH BbIICICHHBIC XapaKTEPUCTHKH 1O UCTOYHKUKAM B HHTepHeTe [20, 21] u npakTHKe HCIOIb-
30BaHUsl ITPHX-KOAOB, TO HAHOOJIEE TTOJTHO UM YJIOBJIETBOPSIOT TOJIBKO JBYMEPHBIE IITPUX-KOJBI, & CPEAN HUX —
GS1 QR-code. EMkocTh A71s 3amicy 3HaKoB 31ech coctapiseT 7089 mudp wmm 4296 GykBeHHO-LU(PPOBBIX 3HA-
KOB. UTeHHE 3TOTO KOjia BO3MOXHO I10 JIFOOOMY HAIpaBJICHHUIO, a €ro MOIYISIPHOCTh Nepelnuia Bce rpaHuisl. Ha-
koHertr, Ha ocHoBe GS1 QR-code sterko crposites nuBetHsie QR-K0BI [6-9, 22], a TakKe IBETHBIE MITPHUX-KOJIBI CO
CTPYKTYpPOIi, aHAJOTHYHOM TIOJYTOHOBBIM W IIBETHBIM H300paxkeHusM [23, 24]. B pamkax pemrenuii [23, 24]
MOJKHO COXPaHSATh HE TOJNIBKO OyKBEHHO-IIM(PPOBYIO WH(YOPMAIHIO, HO W MU(POBEIe n3o0paxenus. Umen [6-9]
o0cyxaanuch BhIle. B momonHeHne Kk HUM B pabote [22] moka3aHo, 9To HeCKONbKo cioeB QR-komoB, o0beu-
HEHHBIX B OOIIYIO CIIOUCTYIO CTPYKTYpY, 00pa3ytoT 1iBeTHOi QR-K0/, KOTOpBIi 3 (HEeKTUBHO YBETHUUBACT 00bEM
JAHHBIX B TPU M LIECTh pa3 JAJsI TPEX U IIECTU 0a30BBIX IIBETOB COOTBETCTBEHHO. Y TBEPXKIAETCS TAKXKeE, UTO
croucthiit QR-Kom ¢ Tpemsi ciosiMu MOXET comepkarsh 10 12888 GykBeHHO-IM(PPOBBIX CUMBOJIOB (IKBUBAJICHT
npumMepHo 10 cTpaHuIl ¢ IBOWHBIM HHTEpBaIOM mpu 12-TovedHoit meyatn mpudTos). Crouctsiit QR-kox ¢ rire-
CTBIO CJIOSIMU MOXKET cojiepkarhb 110 25776 OykBeHHO-IM(POBBIX CUMBOJIOB, WM IpuMepHO 20 CTpaHHIl TEKCTa.
Unero co3manus u yreHus nsetHoro QR-koza (Takxke peann3oBaHHYIO HaMu B cpeze makera MATLAB) mpen-
cTasiser puc. 9.

Wcxoanas unpopmanus COLOR
RED GREEN BLUE QR-xox

[=]ps[=] EI%QEI EIijEI EﬁEI e il
* 3anuce
s sy U EHE

COLOR "
Pe3ynapTaT peKoOHCTPYKIUH QR-xonx E .

[=] EIIEI%QIEI Eli!ijEI Elﬁ grve
el

Puc. 9. Noes co3gaHma u YteHuns ueeTHoro QR-koga

RED GREEN BLUE

[MonyuenHslii TakuM 00pa3oM 1BeTHOH QR-KOI MOXET OBbITh 3amucaH Kak W300pakeHue, Hanpumep, B
mkane RGB. 3amuch atoro nzobpaxenus B hopmare .png (portable network graphics — gopmar, ucnomnp3yrormmit
ckarue 0e3 MmoTeps) JaeT BO3MOXKHOCTD MCIIOJIB30BaTh MPOLEAypsl THIA «resize & resampling», ue Gosich yTpa-
Tl HTH()OPMAIMH TIPH €€ CUUThIBaHUH U3 1BeTHOro QR-Kkona.

Crenyromasi uzest — BcrpanBanue uzobpaxenus B QR-kox (Grayscale Pictures in QR Codes — [23])
u (unn) QR-xona B m3obpaxkenue (QR Images — [24]), uto, npaszia, IPUBOIUT K HEKOTOPOMY YMCHBILCHHUIO Be-
positHOCTH OOHapyxeHus1 omnOok cunthiBanusi. Ha puc. 10 npuBeneHs! BapuanTsl yntaeMbix QR Image u3 pa-
60ts1 [24]. B nnee [24] ecTb 1 3HaYNTENBHBIE MUHYCHI: OJMH M3 HUX OBLI YIOMSHYT BBIIIE, a IPYTOi — 3TO He-
paloHaNBFHOE HCIIOJIb30BaHHE PECYPCOB LBETHBIX M300pa)KeHHH. 31eCh BO BCEX TPEX CIOSX KOHEYHOTO H30-
Opa)XeHHUS «BIIOKCHO» OJTHO M TO )K€ COOOIICHHE.

Omnako Bce ke oOparuM BHUMaHue Ha JieBoe WJI co BerpoennbM B Hero QR-komom (puc. 10). Dto mpak-
THYECKHU TI0YTH TOTOBOE PEIICHHUE ISl TEXHOJIOTHH IITPUXOBOTO KOJAUPOBAHMSA B OMOMETpHH, eciii GoToropTper
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U COJIEPIKaHKe BCTPOEHHOTO B HETO IITPHX-KOJ@ MPEICTABISIOT HH(OPMALMIO OIHOTO U TOTO e deloBeka. [Ipu
3TOM OTKPBITOCTH (IOCTYMHOCTB) (POTOMOPTPETa MOKET OBITH KaK IUIFOCOM (Hampumep, Jjis OeiKUKa), Tak U
MHHYCOM, MOCKOJIbKY KOAMpoBaHue (MM YKpbITHE) (OTOMOPTpETa aBTOMATHIECKH MPHBEIET K MCKAKECHUIO U
HEIOCTYITHOCTH TIPOYTEHHs] BCTPOEHHOTO B HETO INTPUX-Koza. M 9Th mpobiieMa 0cOOEHHO BaKHA [IPH HCIIONB30-
BaHMU MOOWJIBHBIX YCTPOMCTB CUMTHIBAHUS IITPUX-KOIOB [25].

o

H ;- : '{.a . H

flew w AT "

Puc. 10. Mpumepsbl untaembix QR Image [24]
HoBble peniennsi B paMKax JIByMEPHBIX IBETHBIX IITPUX-KOIA0B

IIpencraBuM HOBBIC CIiCHapuil co3maHus IBeTHHIX QR-KOmOB, KOTOphIe yciioBHO HaszoBeM «BlO QR-
code», ockoIbKy MH(pOpPMAIKs, BIOKECHHAS B HUX, HCIOJB3yeTCs B NHIEBOW Ouomerpuu. Bee rpaduyeckue
pEe3yNbTaThl, IPEACTABICHHBIC HIKE, MONTYYCHBI B paMKaX aBTOPCKUX MPOTPaMM, peaM30BaHHBIX B Cpelle Make-
ta MATLAB Bepcun 2015 roxa u 6uGmioreku zxing libraries’.

B pamkax «BIO QR-code» Bce Tpu C0si KOHEUHOTO W300paKEHUsI COMEPIKAT CBOIO OTICIBHYIO HH(POP-
Manu. Bes unopmanus o yenoBeke s npencraenenus ee B «BlO QR-code» BriOupaeTcs U3 ClIEIyIONIEro
Habopa KOMITOHEHT:

- oxno WJI B mikane GRAY, nBa ciost wiu Bee tpu ciost T puist mikansr RGB;

- wuabop AIIT (ANTRO), B KOTOpHIi Takke BXOMAT pasMepsl H300paskeHusI, M0 KoTopomy momydensr AT u
JIokyMeHTanbpHOe nornonHerne — @MO genoBeka, kotopomy npuHamiexat AllT,

- TEHEeTHYECKHH ITPUX-KOJ YeJIOBEKa;

— BepOanpHas (moxkymentaibHas) uapopmanus (INFO) o gemosexe: ®UO dyenoBeka, rof pOXKICHHS, MECTO
pabortsl, e-mail u T.1.

I[TepBblii BapraHT KOMIIOHOBKH HH(popManuu B pamkax «BlO QR-code» nokasan na puc. 11. Drta kommo-
HOBKa nmMmeeT 3anuch PIA, 4To onpezneneHo ee cocTaBOM KOMIOHEHT M MX IOCIIEI0BAaTEIbHOCTHIO 3alUCH B CJIO-
sax: P—Photo, | — INFO, A —ANTRO. 31ech B epBoM CJI0€ COJCPIKUTCS MOTHOE n300paxenwue juia (Photo) B
mkane Gray; Bo BropoMm cioe — «QR-kon INFO» ¢ BepOanbHO# nH(bOpManyeil o YenoBeke; B TPETbEM CII0E —
«QR-koq ANTRO» ¢ AIIT u pononuutenbHOM nHdopmaimeil. 3nech U faliee HAMU HCHOJIb30BaHO U300paKeHUE
muma (UJT) £-039-01.jpg u3 tecroBoii 6asel potro CUFS[16].

BIO QR: PIA Photo

Puc. 11. MNepBbIlt BapnaHT KOMMOHOBKN MHdopMaumm ans «BIO QR-code»

JokymeHransHas nH(opMarusi cuuThiBaeTcs 6e3 omubok HermocpeacTeeHHo ¢ «BlO QR-code» ¢ momo-
wsto mporpammsl Pdf4l7/ sepcus 7.0.2. B atom mpumepe cioit «QR-kox INFO» comepxut crnenyronyo HH-
dhopmarnuio: CUHK Face Sketch Database (CUFS), photo: f-039-01.jpg i
http://mmlab.ie.cuhk.edu.hk/archive/facesketch.html. Bcsi ocranbhHas wuH(pOpMaIMs CTaHOBUTCS BHAMMOIL
U (Wnm) cuuThIBaeTCs U3 oTAenbHBIX cioeB «BlO QR-code» npu ero aexomnosumun. QR-kox «kANTRO» cozaep-

! http://github.com/zxing
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JKHT: JIBa YMCIIa, IpeACTaBstomux pasmep WMJI, Bech Habop u3 68 KOOpAUHAT IS aHTPOITOMETPHUECKUX TOUEK
storo WJI, a taxke crnenyronmii naeHtudukamnmnonnsiit tekcr: # Base CUFS: Female f-039-01.jpg.

Ha puc. 12 npencrasnens! emte asa Bapuanta (PAP u PIP) moctpoenust BETHOTO ABYMEPHOTO IMITPHX-
koma «BlO QR-code», koTopsie Takxke CBOOOIHO YMTAIOTCS C MOMOIIBI0 mporpammbl «pdf4l7/sepcust 7.0.2»,
YCTaHOBJIEHHOW Ha TJIAHIIIETE.

«BIO QR-code» QR-code»

PAP

PIP

Pwuc. 12. BapvaHTtbl PAP 1 PIP koMnoHoBkM nHdopmMauum ansa «BlO QR-code»

37ech moKa3aHsl KOMIOHEHTHI, cocrapistoinne 3TH «BlO QR-code», u cpean HuUX ABa CIIOS MCXOTHOTO
usetHoro MJI, a Taxke QR-kox «/ANTRO» u QR-xon «INFO». Ilpu 3tom nBa ciost ucxomHoro nsernoro MJI
O3BOJISIIOT IOJIHOCTBIO PEKOHCTPYUPOBATh ero B mikaie RGB.

Ha puc. 13 npusenenst Bce Tpu Bapuanra (PIA, PAP u PIP) komos «BIO QR-code», nmokasantbie ¢ pas-
HBIM YPOBHEM SIPKOCTH BHYTPEHHHX CJIO€B. DTHUM CIIOCOOOM MOXKHO YIPABISITH «IOCTYIIOM K CUUTHIBAHHIO»
undopmauunu ¢ «BIO QR-code»: niu ero oTKpbIBaTh, WK €ro 3aKPhIBAT.

PIA PAP PIP

0,6

Puc. 13. BapmaHTbl «BIO QR-code» ¢ pasHbiM YPOBHEM APKOCTM BHYTPEHHMWX CIOEB

Haxonen npusenem eie n8a «BIO QR-code», kotopbie noka3ansl Ha puc. 14 u 15. Tak, Ha puc. 14 npu-
BesieH «BlO QR-code» ¢ OTKpBITHIM JIOCTYIIOM K BIIOXEHHBIM B HETO M300PaKESHUSM JIUII, KOTOPbIE MOJKHO YBHU-
JIETh TOJIBKO TTOCIIE UX PAacKOANPOBaHUs. 37IeCh, HAIPUMEp, NPUMEHEH CaMbli ITPOCTOH COCO0 KOJMPOBAHUS — C
WCIIONI30BAaHUEM MPOIEAYPbI CKpeMOnrpoBanus cTpok U cTonbnos MJI. [TogoOHBIM 00pa3oM MOXHO 3aKOJHPO-
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Barh 1 koopauHatel AIIT ¢ TeM, 94TOOBI MX TaKkKe HENb3st OBUTO MOHSTE TIpH npoutenwn «BlO QR-code». fcHo,
YTO 3[ieCh B O0OUX CIy4asXx MOXKET ObITh MPUMEHEH U JII000H JIPYroii crocod KOAMpOBaHMs, MUCIIONb3yEeMbIH B
00paboTKe pacTpOBBIX H300PAKECHUIA.

Puc. 14. 3akogupoBaHHoe npeacTaBnenne aeyx crnoes «BIO QR-code»

a 6
Puc. 15. NcxonHoe n3obpaxeHue (a) n ero pekoHCTpykums n3 «BlIO QR-koga» (6)

Ha puc. 15 mokasansr aBa ¢oro. Ilepsoe (puc. 15, a) — dhoto-opurunan u3 tecroBoi 6a3sr FERET. [Iga
cnost 3toro (oto-opuruHana Obun 3anucansl B «BlO QR-code» ¢ kommnonoskoit mo tumy PAP. Bropoe ¢doto
(puc. 15, 6) — pesynbrar pexorcTpykimu hoto u3 «BlO QR-code». Ha obnacts nuiia pe3yiasraTta peKOHCTPYKIIUH
HaHeceHsl Bce 68 AIIT, takxke mepeHeceHHble B pamkax «BlO QR-code». 3ameruM, 4To pe3yibraT peKOHCTPYK-
1w, uBetHoe MJI, monyueHo U3 AByX KOMIIOHEHT, cCunTaHHbIX co cinoeB red u blue «BIO QR-code».

Hosble pelIeHUus B paMKax JIMHEHHBIX IBETHBIX IITPUX-KOI0B

Bslme MBI y)ke IIOKa3ajn UCHOIb30BaHUE JMHEHHOTo mTpux-koxa Code 128 st 3anucu unHpopManun o
¢denorune NJI. Paccmorpum mpumepst co3manusi Ha 6asze Code 128 papuanta nmneitnoro «BIO Code 128,
NpEIHA3HAYCHHOTO Ui mepeHoca 1BeTHoro MJI W BKIIOYCHHS KaK MHHHUMYM YIBOCHHOTO (OTHOCHTEIBHO
«Code 128») o6bema OykBeHHO-1I(DPOBOI (BepOabHOIT) HHOOPMAIIHHL.

«BIO Code 128» ot BIO Cod
1-i1 cnoit BIO Code 128 3-ii croii BIO Code 1

Hiilivmin PO
(T & &)

a 9]

Puc. 16. MNpumepbl LBETHOTO NMHEHOTO WTpUx-koga «BIO Code 128». Ha puc. 16, a: 1 — ucxogHasi cueHa,
Ha KOTOpOW BblderneHa obnacTb LBeTHOro n3obpaxeHus nuua; 2 — «BIO Code 128», npMHagneXHOCTb KOTOPOro
(KOHKpETHOMY YenoBeKy) MOXeT ObITb Nerko Npo4MTaHa HenocpeACTBEHHO N0 3TOMY LIBETHOMY LUTPUX-KOAY
(B maHHOM crniyqae — Georgy Kukharev; Ha puc. 16, 6, nokasaH «BIO Code 128» ansi nusobpaxeHus niua
13 6a3bl [16] n Tpu BXxoAsALWMX B Hero cnos. [Npu atom 1-1 1 2-i cnov NnpeaHasHadeHbl Ans BepbansHom
(Hanpumep, OKyMeHTanbHom) nHpopmaLuum

R G B
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B stom ciygae mrpux-kon «BlO Code 128» mpencraBisier co60i TpeXCIoiHOe MBETHOE M300paKeHHe
pasmepom MxN, cormacosantoe ¢ pasmepom Code 128. Ilepssie aBa ciost «BIO Code 128> npenHasHadeHbl s
COTIPOBOMUTENILHON M JOKYMEHTAIBHON MH(pOpMaIH (3anuceiBaecMoii o cranmapty Code 128), a nocnenumit
cioit (blue) comepsxur kommonenTsl R, G u B mepenasaemoro MJI. Tlyctoe MecTo cripaBa MOXHO TaKKe 3arol-
HUTb MOJIE3HOI MHpOpMaIUeH.

Ha puc. 16 npusesens! asa npumepa noctpoenus «BlO Code 128»: «a» — B pexxnuMe «OHIaitH», «0» — B
pexume oduiaii.

Bo Bropom Bapuante komrnonoBku «BlO Code 128» nocneqnuit ero ciaoi MOXeT coiepKaTh ABE KOMIIO-
HEHTBI UCcXOAHOro 1BetHoro MJI (HeoOXoauMbIX 1yisi OYAYIIEro ero MOJHOLBETHOTO BOCCTAHOBICHUS) U BCHO
undopmanuto mo koopauHatam AIIT. TTepssiit u Bropoit cioit «BlIO Code 128» octarorcst mpu 3TOM AJIst CONpO-
BOAUTENBHOM ¥ JOKYMEHTAILHOW HH(POpPMALHH.

Haxoner, tpetuit Bapuant «BlO Code 128» MokeT comep aTh JBa CII0s TS TIepeHoca TpadudecKoi Witk
Tr000# APyroit MyIETUMENUIHON HH(POPMAITHH, & OCTABIIHNICS CIIOM — Iyist OyKBeHHO-IHU(POBOit (BepOaIbHOM)
uH(OpMaInH, 3alMChIBaeMOi 1o cTanaapty Code 128.

3akaouenne

B crarbe oOcyxnanack mpoOieMa HCIONb30BaHUS TEXHOJIOTHH HITPUXOBOTO KOJMPOBaHHS B JIMIEBOM
OMOMETpHUH U CBSI3aHHBIX C HEH MPUIOKECHUSIX — KPUMUHAIMCTHKE, MEJULIMHE U CyAeOHO-MEIUIIMHCKUX UCCIIe-
JIOBaHMAX. BBINOIHEH KpaTKuii 0030p CYIIECTBYIOMIMX PEIICHWH W MPUMEPOB IMOCTPOCHMS IITPHX-KOAOB IS
n300pakeHHsI JIMI ¥ BBIZIEJICHHBIM 110 HUM Npu3HakaM. Ha 0CHOBE 3THX NPUMEpPOB B CTAaThe NMPUBOASATCS HOBBIE
peLIeHHs] ITPUXOBOTO KOJMPOBaHMsS B JIMLICBOII OMOMETpHH, peanu3yemble Ha Oase nuneitHpix (Code 128) u
nBymepHbIX (QR) IITPHUX-KOAOB, a TAKKE X [BETHBIX BAPHAHTOB. BRIOOD 3THX CHMBOJIMK GBUT OTIPENeIeH HCXO-
Il U3 cOCTaBa U 00beMa JaHHBIX, MCHOJIB3YEMBIX B JIHLEBOW OnomeTpru. Cpean 3TOro cocraBa pacCMOTPEHBI
n300paxkeHHs JIUL, HabOpbl KOOPIMHAT aHTPOIIOMETPHUYECKUX TOUeK, HH(opManus o (SHOTHIIE JIMLA U TeHASP-
HOHM NPHHAJJISKHOCTH YeJIOBEeKa, a Talkoke IOKyMeHTalbHas nHdopmauus. [IpemioxkeHHble B cTaThbe pelIeHus]
OCHOBAHBI Ha Pa3IMYHBIX CII0OCO0AaX KOMIIOHOBKH IIBETHBIX ITPUX-KOZOB U3 BCEIO COCTaBa AAaHHBIX, a TAKKE HX
CUMTBIBAHMSA W YKPBITUS OT CUMTHIBaHMsA. [lodydeHHBIE TakuM 0Opa3oM LBETHBIE LITPHUX-KOIBI ONpPEIeIeHbI B
crarbe Kak kinacc «BlO Code 128» u «BlIO QR-code». IIpu rpadgudeckoM MpeiCTaBICHUH W 3alMUCH B TaMSITH
KOMIIBIOTEpA 3TOT KJIACC IITPUX-KOJAOB MOXKHO PacCMaTpHBaTh KakK LBETHBIE PACTPOBbIE N300paXKeHNUs!, HECYIIINE
B Ka&)XXJIOM clioe nHpopMmanuio o yuue. [Ipu 3Tom nokymeHTallbHas HHpOpMaLKs MOXKET ObITh MPOYUTAHA HENo-
CPEICTBEHHO C LIBETHOTO INTPHX-KOIA, a OcTajbHas MHGopManus (caMo n300paXKeHHe JHIA, ero aHTPOIOMET-
pHKa, COMPOBOAUTENBHBIC TAPAMETPBI) MOKET OBITh MPOYUTAHA U BOCCTAHOBJICHA MOCIIE NEKOMITO3HUIMU IITPHX-
kozoB Ha cion R, G u B. PaccMoTpeHHbIe B cTaTbe BapUaHTHI IITPHX-KOJIOB MOTYT OBITH MCIIONB30BaHBI KaK
o(ucHBIE W KOH(EpEHIHIHBIE OEHKH, a Takke B GHoMeTpun (OHoMeTprUYeckrne HHHOPMAIHOHHEIE CHCTEMBI,
aBTOpH3alWsI/PErHCTPALHsl, TPAHCTPAHUYHBIN KOHTPOJIb JIIOACH B MOTOKAX MUTPAHTOB), MEAHIMHE (MEIHIMH-
CKHe UH(OPMALOHHBIE CUCTEMBI, JINIIEBAsk ICUXOJIOTHs, XUPYPIUs U IUIACTHKA, CyneOHO-MEeUIIMHCKAs KCIep-
TH3a), KPHUMHHAIUCTHKS (COBEpIICHCTBOBAHHE HH(OPMALMOHHBIX CHCTEM, HCIIOJIb30BaHHE IIEPECHOCHMON B
LITPUX-KoAe HH(OPMaLUK Il paclo3HaBaHUs NPECTYITHUKOB, PEKOHCTPYKIMH JINIA 110 CIOBECHOMY IOPTPETY
WITH 110 yeperty). JIJs 3THX MpUIIoKeHU# moKa3aHbl mpuMeps! mtpux-komos «BlO Code 128» u «BIO QR-code»,
MOJIyYSHHBIX B PEKUMax OHJAaWH M oduiaiiH. OCOOEHHOCTH OpraHM3aly CTPYKTYpP JaHHbBIX, COJEPIKAIINXCS B
MITPUX-KOJAX, CIIOCOOBI WX 3alMCH M CUUTHIBAHMS, a TakXKe IMOJHBbIE anroputMmbl (GopmupoBanus «BIO
Code 128» u «BlIO QR-code» OyayT mpencraBieHsl B cleayrouieil cratbe. [I0CKONBKY BCE IKCIIEPHUMEHTHI 10
(hOpMHPOBAaHUIO TIEPEUHCIICHHBIX BBIIIE HITPUX-KOIOB pean3oBaHbl B cpene nakera MATLAB, To pazpaboran-
HBIE MIPOTPaMMBI MOTYT HOCIY>KHTh MHCTPYMEHTOM HE TOJHKO B OMOMETpPHH, MEIWIMHE, KPUMHHAIUCTUKE U
CyAeOHO-METUIUHCKOH SKCIIEPTU3E, HO U B IPYTHX NMPUIOKEHUSIX. BaxkHbple ()parMeHTHI 3TUX MPOrpamMM, a Tak-
e BCe MPOMEXYTOUHBIE Pe3yNBTaThI, TTodydaeMbie mpu popmuposannu «BlO Code 128» u «BlO QR-code»,
TaKOKe IPEJIoIaracTcsi PaCKpPBITh B CIICAYIOIICH CTaThe.
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