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CIIOCOb ITPOBEPKHM ITOJJIMHHOCTHU JOKYMEHTOB 1 KVITIOP C IIOMOIIBIO
AHAJIM3A TUJIBOIIMPHOI'O PUCYHKA HA N30BPAXXEHMAX, TTOJIVUEHHBIX B
BBICOKOM PA3PEINTEHWI
OITMCAHUE

3asABICHHOE TEXHHUYECKOE PEHICHUE OTHOCUTCA K obmacT IIPOBEPKH MO/ITAHHOCTH

n300pakeHUH TOKYMEHTOB Pa3/IMIHEIX BH/IOB.

W3 ypoBHS TEXHHKH HM3BECTHBI PA3JIMYHEIC CIIOCOOBI IPOBEPKH MOMIMHHOCTH JOKYMEHTOB H
KYIIOp ¢ MOMOIILIO aHadH3a IMIBOIHPHOTO PUCYHKAa Ha H300paXKEHHsX, IONYYEHHBIX B
BEICOKOM pa3zpemenun. Hampumep, B pabote [1] (cm. Chernov, T. 8., Kliatskine, V. M., &
Nikolaev, D. P. (2015). A Method Of Periodic Pattern Detection On Document Images. In
ECMS (pp. 506-510) paccmarpuBaeTcs JETEKIHA IEPUOJUYSCKAX CTPYKTYP Ha JOKYMCHTE.
ANTOpHTM HCTIONB3YET OBICTpoe mpeobpazoBaHre Pyphe M IIOYCK IIHKOB Ha KOMIIOHEHTaX
dypre-o0paza. Brorumcnsercs cpenuss uHbopMaiMsa O § coceasx KaXkAOro NHKa U
CPaBHHBAETCS ¢ 3aJ(aHHBIM 3aparee moporoM. OIHAKO, TWIBOIIHPHBIH PHCYHOK B 00IEM
clIydae He MMeeT MEPHOAWUIECKOH cTpYKTYpel. CileoBare/IbHO, HE CTOUT OKUAATH RBICOKOH
TOYHOCTH PadOTEI, KOT/Ia OHa OTCYTCTRYET.

JIpytuM TOOXOmOM K PEUICHMIO 3aladyd JICTEKTUpOBanus ¢anbCuUKalyH AOKYMEHTOB
ABJIAETCS AHAIIN3 CXOXKECTH M300paXKeHHH (ITAIIOHHOIO M IIOJAHHOIO HA BXOJ alTOPUTMY) C
nomomwsio Grid-3CD peckpurnrropa [2] (em. Ghanmi, N., & Awal, A. M. (2018, April). A new
descriptor for pattern matching: application to identity document verification. In 2018 13th
IAPR International Workshop on Document Analysis Systems (DAS) (pp. 375-380). IEEE).
Takoit JecCKpHIITOp COASPKHUT B cele OIHOBRPEMEHHO IBETOBYIO H IIPOCTPAHCTBEHHYIO BHIEI
WHODOPMAILINY, TAK KaK HCIONB3YCT XapaKTEPHCTHKH KOMIIOHEHT CBSI3HOCTH OJU3KHX IO
neery obmacteif. 37ech Tak K€ CTPOMTICA BEKTOp IPU3HAKOB M3 6 KopTrexei
( Cijy X, Yij dij, hyj, Wi; ) HA CETKE M3 IMKCENEH p;; ¢ (PUKCUPOBAHHBIMM CIBHIaMH 110
BEPTUKAM M TOPU3OHTAIM (Sp, Sy ), L =N XSy, j =N XSsp}. 30€Ch ¢;; — KOJIUYESCTBEHHO
BEID@KCHHBIA [BET OT KOMIIOHEHTHl CBS3HOCTH, KOTOPOW NpPHUHANESKHT Pjj; Xij,Vij —
KOOPAMHATHL [ICHTPA MAacC KOMIIOHEHTHl CBS3HOCTH, d;; — IUIOTHOCTH KOMIIOHCHTEI

CBA3HOCTH, h;j, wij — Pa3MEPHI OKAWMILIOIIETO YeTHPEXYTONBHIKA KOMIOHEHTHI CBA3HOCTH.



HenocrarkoM AaHHOro anropHTMa SBSETCH CIIEIYIONEe: M3-33 HETOUHOCTH JIOKATM3AIAH
AOKYMEHTA HAa CKAHMPOBAHHOM H300paskeHMHU, ITONOKEHUS KOMIIOHEHT CBS3HOCTH MOKeT
3HAYMTENLHO OTIIMUATLCS OT TOTO, UTo ObUIO Ha 3Tanone. CnenoBarebHo (HUHAIBHEI BEKTOD
NpU3HAKOB OyNeT OLIMHYarThCs OT 3TANOHA, YTO NPHBEAET K OMMGOYHOMY PEINEHHIO O
HallMIWH TPU3HAKOB (aibcuduKaluu Ha AokyMenre. OTIMYMTENBHOM 0COGSHHOCTRIO
IIPEMNIOKEHHOTO B JAHHOM IMATCHTE MOAX0JA ABNACTCA YCTONIHBOCTE CHCTEMBl K HETOUHOM
JIOKANM3ALVH, 9TO JOCTUTaeTCs Onaronaps sraiy 2.i oOmiel CXeMbl OMCaHHA AITOPHTMA.
Aptopst paboTsi [3] (cM. Castelblanco, A., Solano, J., Lopez, C., Rivera, E., Tengana, L., &
Ochoa, M. (2020). Machine Learning Techniques for Identity Document Verification in
Uncontrolled Environments: A Case Study. Pattern Recognition, 12088, 271 — 281)
OTIMCHIBAIOT KOHBEHEP Ha OCHOBE MAaIMHHOIO 00ydeHWs i 00paGorku u3oOpakeHMit
OOKYMCHTOB, IOIYUCHHBIX B Pa3siH4YHBIX YCIOBHAX, KOTOPBIA COCTOMT M3 HECKOJIBKHX
MOIyNeH M HCMONB3YeT pasnuuuble (QYHKUMM Ui NPOBEPKH THNA JOKYMEHTA M €ro
1n0JUTHHHOCTH. [ lepBhiit MoMTyns KoHBeliepa cBA3aH ¢ IoKanM3amMeil H300paXKeHHA JOKYMEHTa
Ha BXOIHOM H300p&XKeHMH, BEITCICHHEM €r0 TPaHML M IOCHETYIOMEH MPOCKTHBHOM
HopMaiusanued. Bropoi Monyns - MOKyNE BepUMKAIMH JTOKYMEHTA - BKIIOYAeT B celd
aHAI3 MOOATBHBIX U JIOKATHHBIX IIPU3HAKOB. AHATH3UPYIOTCS TAKHE MOOaIbHEIE IPU3HAKH,
KaKk CpaBHEHME THCTOIDAMM B OTTCHKAX CEPOro Uil BXOTHOIC AOKYMEHTa H ofpasla
(THCTOIPAMMBI HOPMAJIM3YIOTCS, & MCPa CXO/CTBA BEMHCIAETCS C TIOMOIBI0 THCTOIPAMMBI
BaccepmrraiiHa), CymMMa pasHOCTEH MeXKIy CPDCIHHM LBETOBKIM TOHOM M  CpEjlHEH
HACBIEHHOCTBIO 10 MOJOKHAM H300paxeHMA (U1 N300PaXKCHUS, IPHBEAEHHOIO B MOAEHE
HSV), ouenka cTpyKTypHOIo cXOICTBA HA OCHOBE pacIpeleNeH s IINKCeNeH (OLCHUBAIOTCS
(QyHKIMHE, 3aBHCALIME OT APKOCTH, KOHTPACTHOCTH M KOPPEISLHi 3HAUYeHMH MACCHBOB
rkceser). CpelM JIOKaNbHLIX IIPH3HAKOB AHAIM3MPYIOTCA HANMude Ha W300paKeHHAN
JAOKyMEHTA JIMI[A, & TAKXKE €ro PacIojOKeHHe, TEKCTYPHBIC IIPH3HAKH aHATW3MPYIOTCS Ha
OCEPEHHOM H300paKEHNM C IIOMOMIBI) BBIYMCICHHSA KOPPEIALMH MEXTY HOTOKHAMH
BXOHOIO H300paxeHHd M ofpasna. ABTopaMH paboTBl aHATH3HPYEMOE H300paXKeHHe
IPHBOJMTCSA K pasmepaM 459 x 297 mmkcernel, B TakoM Macmrabe THIbOIMMPHEI PACYHOK
HE paspenivm.

B paGore [4] (cM. Ghanmi, N., Nabli, C., Awal, AM. (2021). CheckSim: A Reference-Based
Identity Document Verification by Image Similarity Measure. In: Barney Smith, E.H., Pal, U.
(eds) Document Analysis and Recognition — ICDAR 2021 Workshops. ICDAR 2021. Lecture



Notes in Computer Science(), vol 12916. Springer, Cham. https://doi.org/10.1007/978-3-030-

86198-8_30) mpeioxeH METOA COMOCTABIEHHS [IPOEKTHRBHO HOPMATH30BAHHOTO BXOTHOTO
M300pasKeHHs IOKyMeHTa ¢ 06pastoM OCHOBAHHEIH Ha CHAMCKO# 1 TPHILICTHOM HelfpoceTsX.
Apxurektypa CNN, Ha KOTOpoil OCHOBLIBAIOTCS CHAMCKasi M TPUILICTHAS CETH ONH3KA K
apxutekType cerh VGG-16. Pesynsrupyromas ceTh BBIYHCISET BEKTOP IIPH3HAKOE MO
BXOIIHOMY H300paKCHMIO, B JATbHEHIIEM DACCTOSHHE OT OTOTO BEKTOpa MO BCKTOPA
MPH3HAKOB 00pa3ifa CpaBHMBACTCA C 3apaHee 3aJaHHBIM moporoM. Ilpm ofyuenmu Bec
OMIMOKYM JIOKHOTO OTKaza OhUI Oonblic Beca OMMOKM JOKHOrO mpuHATHA. Cern
NPUMCHAIOTCA HE KO BCEMY JIOKYMCHTY LIEMKOM, A K OTIENLHBIM 30HaM Ha JJOKyMEHTe.

B pabore [5] (em. Al-Ghadi, M., Ming, Z., Gomez-Krémer, P., & Burie, J. C. (2022). Identity
Documents Authentication based on Forgery Detection of Guilloche Pattern. arXiv preprint
arXiv:2206.10989) nns cpaBHEHHS THIBOMIMPHOTO PHCYHKA HA BXOTHOM M OTATOHHOM
U300paXKEHUAX HCHOTB3YeTCs CHAMCKAS HEfipOHHAA CeTh (SNN). Ona npenofydcHa Ha
HECKOJNBKHX NPUMEPAX MPOSKTHBHO HOPMAIH30BaHHBIX H300paxenuil nokyMerToB. [Tomxon
NpCAYCMaTpUBACT CpaBHEHME u300pakeHdit IenukoM. M3-3a  Haauuus BapHaTHBHBIX
SIEMCHTOB, a TAKXKE /Ul YCTOMYMBOCTH K PasIMYHOTO pOfia WIyMy, JUIS OOYYEHHS CETH
HEeOOXO/MMO GONBIIOE KOTHYECTBO AAHHKIX, YTO TPYTHO JOCTIKUMO B YCIOBMSX TOMHTHKH

3alllHATH] IICPCOHATBHRIX JAHHEIX.

3amaveif 3asBICHHOI0 H30GPCTEHMs ABASETCS YCTPAHEHNE HEJOCTATKOB H3BECTHOIO YPOBHS
TeXHUKU. Texnmdyeckuil pesynerar sakmodaercs B oOecliedenwH crmocoba  NpoBepKH
TOMIMHHOCTH  JOKYMEHTOB M KYIIOp ¢ MOMOIIBIO aHAJIN3a THIBOMIMPHOIO PHCYHKA Ha
M300PAKEHUAX, MOTYUCHHBIX B BEICOKOM Pa3pellleHuH, KOTOPHIA MO3BOISET OBECHEIHTH
OTCyTcTBHE  HeoOxomumocTH  Gonkmoro  Haopa — M300paXkeHUil  JOKYMEHTOB,
YAOCTOBEPSIONIUX THIHOCTD.

IocTapieHHas 3amada peimlaeTcs, a 3asBICHHBI TEXHMHCCKHI DPE3YNETAT JOCTHUTAETCS
NOCPEACTBOM 3a4BICHHOIO Croco0a NpPOBEPKH MO/UIMHHOCTH JOKYMEHTOB H KYIIOP ©
IOMOLIBIO aHATH3a YHILOIMPHOIO PUCYHKA HA H300paKEHHSX, MMOJYYEHHBIX B BBICOKOM

pa3peleHiu,

3asBneHHbll c10CO6  NPOBEPKM IIONTMHHOCTH JOKYMEHTOB H KYIIOP C MOMOIIBIO

aHaNIK3a THILOLIMPHOTO PUCYHKA HA N300PAKEHMAX, IIONYYEHHBIX B BHICOKOM Pa3peNTeHHMH,



3aKIOYAETCS B TOM, YTO HPOH3BOAST BEIYMCICHHS 3TAJOHHOTO BCKIOpa IPH3HAKOB Ha
M300P@XCHUN IOITHHHOTO JOKYMEHTa, BEIYHCIEHHA BCKTOpa IPU3HAKOB Ha BXOMHOM
M300paKCHAN TOKYMEHTA M H3MEPEHNS CXOICTBA STATOHHOTO BEKTOPA IIPU3HAKOB H BEKTOpa
TMPU3HAKOR BXOTHOI0 300 pakeHUs!, IIPH 2TOM Ha 3Talle BEIYHUCICHIA STANOHHBIX TIPH3HAKOB:
STaNOHHOC M300PaXCHUE NPUBOAAT K CEPOMY, Ha HPHBEIEHHOM K CEPOMY H30GpaKEHIH
BEIIENSTIOT 30Hy W? H BBICOTOM h?, C JICBBIM BEpXHHM yIltoM B Touke x°, y°, comepKaIyo
THIEOLIHPHBEIE JIEMCHTEL H HE COJCPIKAILYIO TekcTa, Qororpaduu, rojorpaduueckux n
MHBIX BAPHATHBHBIX JJICMEHTOB, 30HY Pa30OHBAIOT HA MHHHMAJILHO BO3MOXKHOE KOJITYECTBO
maryeH paBHBIX pasMepos, muphHa (wi) u BeicoTa (hZ) (1) KOTOpHIX He npeBelaer 32
LIUKCENOB, Aalee OIS KKAOro mardya, MpHBeAEHHOIO K pasMepy 32x32 mMHKcena, CUHTAIOT
BCKTOp NpPU3HAKOB ¢ momombio Heffpoceresoro (CNN) neckpunrTopa, JaHHEIE BEKTOpa
3aMUCHIBAIOT B OHHAPHEIH (Qaiin B IOPAAKE PACTIONOKEHHS COOTBETCTBYIOLINX MaT4eii - cleBa
HallpaBo, CBCPXY BHM3, TIPH 3TOM CHAYaJ1a 3allACHIBAIOT BEKTOPa BEPXHETO paa IaTyei ciena
HAanpaeo, 3aTeéM BEKTOPA BTOPOIO psijia ClieBa HAIIPABO,

TIpK 5TOM Ha HTall€ BEMMUCICHHA BEKTOPA MPU3HAKOB HAa BXONHOM HM300pajKeHMH: BXOIHOE
H300paKeHNEe IIPHBOMAT K CEPOMY,

Jianee 71 0CEPEeHHOTo M300PAXNKEHUS CTPOIOT PACITMPEHHYO 30Hy MHUPHHHI ¢ KOOPAHHATAMH
neBoro Bepxuero yrma x° — 4§, y° — &, mmpunoit w? + 26 u BEICOTHI hZ + 26 (K 30mHE
nobaBIsIOTCS paMKi (PHKCHPOBAHHON TOIIHHEL - § MUKCEIel,

BHYTPH PaCIIHPEHHOH 30HE! BRIOUPAIOT TIPSAMOYTONBHEIE IOA30HEI pasMepa w? X hZ,

JULAL KaXK/101 TIOJ30HBI HOBTOPAIOT NIPEIbAYIHE IIATH H CTPOOT COOTBETCTBYIONINE BEKTOPA
Vi,Va, o Viassnye.

IIpH 3TOM Ha 3Tane CPABHEHHUS BEKTOPOB IIPU3HAKOB BXOJTHOTO ¥ STAIOHHOTO 300 paKeHNS:
BBIYHCILIIOT PAcCTOSHUSA MEXKAY NONYyYEHHBIMH BEKTOPaMH M BEKTOPOM 3TAJIOHHOIO
n300paxenus Vy , Cpe/iu JAHHEBIX PaCCTOSHUI BHIGHPAIOT MHHIMAIBHOE (CM. ¢ur.. 6) — Diff
» anee Dif f CpaBHUBAKOT ¢ 3apaHee 3aJaHHBIM IIOPOToM - T2, mpuueM ecitu Di ff>T% 10

IIPOBEPKA Ha NOJITHUHHOCTE CYUTACTCI HeHPOﬁ,I[BHHOﬁ, TO €CTh JOKYMEHT MOAAEIbHBIH.

Ha durypax npencrapicHs:
Pur. 1: IlpuMep rHIBOIMAPHOIO PHCYHKA Ha JOKYMEHTE.

@wr. 2: DranonHoe H300paKEHAE TOKYMEHTa Ha IPHMEPE 3arPaHHYHOrO IIACTIOPTa APMEHHH.



®ur: 3: (a) 3ona, comeplkamas HCKIIOYNTEIBHO THILOINHUPHEIC 37IeMEHTHI, BBHIACICHA
IPAMOYTOJIBHHKOM, (0) yBeIMUCHHAA 30HA.

Our. 4; PasbubKa 30HH Ha IATYH UL JATBHCHIIETO MOACYETa IPH3HAKOB.

@ur. 5: llpuMep pacHOIMPeHHON 30HBI IIIA aHAJIHM3A HA BXOIHOM JOKYMEHTE Ha IpHMeEpe
nacnopra ApMeHun,

dur. 6: ITanoHHAd 30Ha THILOIHPHOTO PUCYHKA HA TIPUMEpE MacnopTa ApMenuH (clieBa) 1
COTIOCTAB/ICHHAS €H IOA30HA AHATM3UPYEMOro M300PAKCHHA, VIS KOTOPOH MHHHMMAIBHO
PacCToARME MEXIy e€ BEKTOpPOM IpPU3HAKOB M BEKTOPOM IPH3HAKOB OITAIOHHOIO

n300paxeHus (cripasa).

['mmsomn — 570 snemenT 3alMMTHON HOMUTPad UK B BHE CIOKHOTO TEOMETPHUECKOTO Y30pa,
COCTOAIIEr0 M3 IOBTOPAIOIUMXCA TOHKHX (nopsjaka 40-70 MKM) H3OrHYTHIX JIHHUIA,
C(OPMUPOBAHHEIX B COOTBETCTBHH ¢ OLPEAETEHHBIMH MaTeMaTHYECKHMH [IPABHNamMu (CM.
Mapecyn B.M. 3ammménnas nonurpadus. @mara, 2012). THIbOMMpPHBIE 1EMEHTEHL
00pasyioT po3eTKH, paMKu, GOP/IIOPEL, BUHBETKH U 3JIEMEHTHI (DOHOROTO pucyHnka (cM]7 ¢ur.
1), on MOTyYT GBITE KaK CHMMETPHUYHEIMH, TaK H ACHMMETPUIHBIME. T€XHUKH HANECEHHS
THJIBOIA BAPBUPYIOTCS, 9T0 MOXKET ObITh O(ceTHAdA HeYaTh, HPUCOBAs IIEYATh, OPIOBCKAs
neyars, MeTautorpagus. J{is MOLTHHHOIO JOKYMEHTA XapakTepHO, YTO JIMHUH HE HMEIOT
Pa3pLIBOB, YTONUICHHH B TOYKAX LIEPECEUEHHS, CMa30B M M., TOINA KaK A8 MOIETHHOIO

OOKYMEHTa 3TH CBOMCTBA MOTYT OBITh HAPYIIIEHE.

Ilycts ects sTanoHHOe M300paNkeHHe NOMLTHHEOIO OTHOCTPAHHIHOTO JOKYMEHTA (IpHMep
TaKoro JoKyMmenra - ID-kapra, nacnopt, RoOMTeNbCKOE yaocToBeperne u ap.). [Tycts Tamoke
nonaércs H300paKeHUe OKYMEHTA, MOIHHHOCTE KOTOPOTO HEOOXOMMMO MPOBEpHTE. Ofa
H300paXEeHMS MMCIOT BEICOKOE KayeCTBO, MOCTATOYHOE JITS TOTO, YTOOBI IMiILOIIMPHEL
PUCYHOK OBLT paspemum (Takue M300pasKeHHS MOTYT GBITH MOSy4EHB! CO CKaHepa HAH ¢
KaMepsl). B cucTeMe KOOpAMHAT JJOKYMEHT2 W3BECTHEI IIOJIOMKCHHS MHOXKECTBA 30H TAKHX,
YTO OHH CONEPIKAT TONBKO IMILOIINLIC 3IEMEHTEI K HE COMIEPIKAT TCKCTa, TONorpaduuecKux
Y UHBIX BapHATUBHHIX 3J1eMeHTOB. UTOOBI NMpou3BecTH ayTCHTH(OHUKAIMIO HOKYMEHTA C
NOMOLIBI0 THIIBOIIMPHEIX 3JICMEHTOB Ha BXOTHOM H300pa’keHHH, HEOOXOAMMO TPOBEPUTH
COOTBETCTBHC HAHHBIX 3JIEMEHTOB Ha BXOIHOM H300paKCHHH THILOIMMPHEIM 3JeMEHTaM Ha

ITAIOHHOM H300paKeHIH,



Onucanne OCHOBHBIX 3TaloB MPEITOXKECHHOIO a/ITOPHTMA.

Jnsg Toro, 4to0Bl COCTABUTH OIHCAHHE PACTIONOXKECHUS THIBONIMPHEIX 9JIEMEHTOB Ha
3TANOHHOM H300paKeHHH MCIONB3YIOTCI JSCKPUOHPYIONE UPU3HAKH. JTH TPH3HAKA
IPEACTAaBIAT COOOH BEKTOpP YHCIOBBRIX XapakTEPUCTHK HEOOTBIION 30HB (MaTda) Ha
HU300paXEeHHUH, 3aBUCAIINN OT B3aNMHOTO PACTIONOMKCHHS B 9TOM 30HE MHKCCICH pasIHIHOM

HHTCHCHBHOCTH.

B npemnaraeMom nojxoie uenonb3yerca Helipoceresoit (CNN) mecKpunrop, apXuTeKTypa
KOTOPOI0 OIMCaHa B MCTOYHHMKe HHGpopMmanum: A. Sheshkus , A. Chirvonaya, & V.L.
Arlazarov (2022). Tiny CNN for feature point description for document analysis: approach
and dataset. KommsroTepHas ontuka, 46 (3), 429-435. doi: 10.18287/2412-6179-CO-1016.
OcobennocTeio 06yuaromero Habopa TaHHBIX JUISL HTOTO JECKPHITOPA SBIAETCA TO, YTO OH
COCTOMT M3 M300paXeHMIl pasIMUHON MPUPOIEI — TEKCTOBEIX, TEKCTYPHBIX {(M300paXkeHms
Pa3IMYHBIX IIOBEPXHOCTEH ¢ OOBEMHEIMM TCKCTYpaMH, MOJYYEHHBIE B PasHBIX YCIOBHAX
OCBEINEHNA!), CTEHEPHPOBAHHBIC NATYH ¢ HECKOTBKUMM MAKAMH UHTEHCUBHOCTH, PE3YJIBTaT
HX Pa3sMBITHA U IPUMEHEHHS GRICTpoTo ipeodpazoBanmst Xada, 300 pakeHUs HepormuoB 1
uzobpaxkenus Gapkogos. Bcee sTn n300paxeHns o6IamaoT cieayoleil XapakTepucTIKOH —
3TO OOBEKTH], COCTOAIINE U3 JOBONLHO TOHKHMX JHHHN HA HEKOTOPOM (hOHE, YTo OIH3KO 110

CMBICIY K TEKCTYPE TMIhOIIMPHOTO PHCYHKA.

Bxoy: DTanoHHoe H300paskeHHE JOKYMEHTA, KOOPAMHATE N 30H ¢ MILOLIEM HA HTATOHHOM

w3o0paxenn - x{, y?, wZ, h?,i € [1, N].BxonHoe u3ofpaxenue.

Ilapamerpsl: [ToporoBsle 3HAUEHMS, HCHOIB3YEMbIE IS CPABHCHHA DACCTOSHHA MEMKIY
BEKTOpaMH IPH3HAKOB - T;. Pasmeps! oTcTyna OT MCXOIHOM 30HBI 17T 33, [aHUS UCCIIELyeMOM

OKPECTHOCTH Ha BXOJHOM m300paxkenyn -§;.
Brixox: Peurenue o ToM, ABIAETCS MU JOKYMEHT HOIMHHBIM/ TIOLICIBHBIM.

1. llpenBapurenbnas oOpaboTka 3TaNOHHOTO H300pAKEHH:
I.  Beraucnenue necKpHOMPYOLUIETO BEKTOPA TPU3HAKOR IS 30H ¢ MHIBOMIEM Ha

JTAIOHHOM W300paKeHHH.



2. OOGpaboTka BXOAHOIO U300pasKeHHS:

i. DBpuHCICHHEC BCKTOPOB TIPU3HAKOB 74  BCCBO3MOMKHEIX — BApHAHTOB
PacIIOIOKEHNA 30HBI C THIBOLIEM B 3aJaHHBIX OKPECCTHOCTAX Ha BXOTHOM
300 paKeHUH.

3. AHanu3 BEKTOPOB NIPU3HAKOB!

i. Haxoxnmenwe Ommxaiiiiero BeKTOpa IPHU3HAaKa BXONHOIO M300pWKEHMSI K
BEKTOPY IPU3HAKOB ATANOHHOIO HM300pa)Ke€HHs M BBIYHUCICHUE JUIA HErO
pazHulel Dif f; MexKay BeKTOpaMH JJIs KayKIOH 30HEI,

ii. CpaBHenue pasHuupl Diff; ¢ 3apaHee 3aHanseiM moporoM T{ I KaxIoH
30HBI: ecnu Dif f; menbuie T2 juist moboro § € [1, N], To JOKYMEHT CUHTaeTcs

ITOOJIUMHHEIM, HHAUC — TIOIACIEHBIM.

Onucanue peam3aiyu IPeQIKCHHOTO alroprHTMa
ITycTh A8 TPOCTOTE MOBECTBOBAHUS H3BECTHO, YTO Ha JOKYMEHTE CONEPKMUTCA UL OHA

30HA, YIOBJICTBOPAOIIAA YCIOBUAM IIOCTAaHOBKH 3a1a49H.

ANTOPUTM COCTOUT M3 TPEX OCHOBHBIX STAIIOB: BHIYHCICHHAA ITATOHHOIO BEKTOPA IIPHU3HAKOB
Ha H300paKCHMM MOATHHHOTO JTOKYMEHTA, BBIYHMCICHWS BEKTOpa IIPU3HAKOB HAa BXOAHOM
M300paKCHUH TOKYMEHTA M H3MEPEHHS CXO/ICTBA ATAJIOHHOIO BEKTOPA [IPH3HAKOB 1 BEKTOpa

IPHU3HAKOB BXOIHOIO H300pakeHHA.

1. BeruncneHne 3TaJIOHHBIX HIPU3HAKOB
a. Jranosadoe n3obpaxeHue (cM. PUT. .2) IPUBOAUTCA K CEPOMY.
b. Ha npuBeagHHOM K cepoMy H300pa)KCHHH BBIIEIACTCA 30HA (30HBI BHIOMPAIOTCA I
KaXJ(OT0 THIIA JOKYMCHTOB HE3aBUCHMO) WZ U BEICOTOM h¥, C JIE€BEIM BEPXHHUM YITIOM B TOUKE
x%, y¥, comepxkammias T'HIBOUIMPHEIC JNEMEHTHl M He cofepiKamas Tekcra, (ororpaduy,
rojiorpadGaecKux ¥ HHBIX BApUaTHBHBIX J1EMEHTOB (CM. (ur. 3).
¢. 30Ha pa3OHBACTCA HA MUHHMAJBHO BO3SMOXHOE KOJIMYECTRO NaTYeil pABHBIX PasMepoB (CM.
dur. .4), mupuna (wf) u Beicota (k%) (1) KOTOPBIX HE NPEBRIIAET 32 IHUKCEIOB.

wi=— hE= (1)

[:_; +1 2]+t

Kasaplii TaTy 3aTeM NPUBOIMTCS K pa3MepaM 32x32 nukcena.



d. Jlna kaxnoro marva, NpuBeAEHHOTO K pasMepy 32x32 MHWKCENa, CYMTAETCHS BEKTOD
NpU3HAKOB ¢ noMolrsio HefpocereBoro (CNN) jecKpuITopa, apXHUTEKTypa KOTOPOTO
omucaHa B pabote A. Sheshkus , A. Chirvonaya, & V.L. Arlazarov (2022). Tiny CNN for
feature point description for document analysis: approach and dataset. KommstorepHas
onTrKa, 46 (3), 429-435. doi: 10.18287/2412-6179-CO-1016. Pesyisrupyiomuii BEKTOp i-0r0
marda v; CoAepKUT 16 NeHCTBUTCIBHEIX Ynce. JJannbIc BEKTOpa 3aMCHBAIOTCA B GMHAPHEIH
(halir B OPAJKE PACTIONOKENMA COOTBETCTBYIONIMX NaTYeH - CIIEBa HATIPABO, CBEPXY BHHS.
CHavaia 3aIMCHIBAIOTCA BEKTOpa BCPXHErO psyla Mardeid clieBa HaNpaBo, 3aTeM BEKTOPA
BTOPOro psifa CIcBa HampaBo M Tak jaajiee. O003HAUMM CKOHKaTEHUPOBAHHBIH BEKTOp M3

BEKTOPOB narycii (v, v, M T.1.), Kak V.

2. Briuvicrnienue BEKTOpa MPU3HAKOB Ha BXOAHOM H300DaKEHAH.

a. BxonHoe n3o0paxenue ocepsercs.

b. Jlis ocepeHHOr0 M306pasKeHHA CTPOMTCA PACIIMPEHHAs 30HA MHPHHBI ¢ KOOPIHHATAMK
NeBOro BepxHero yria x° — &, y° — &, mupuHoll w? + 28 u BHICOTH hZ + 28 (K 30HC
1002BNAIOTCA PaMKH (DUKCHPOBAHHON TONNMHEI - & NMKcemci (CM. ¢ur. 5)), 4ToOH
BO3MOKHAA HETOYHOCTE JIOKAIA3ALMH HE BIULTA HA KAYECTBO CPABHCHIIL.

¢. Buyrpu pacmmpenHO# 30HBI BHIGMpAIOTCS BCEBOIMOXHBIE (BCETO ) IIPSIMOYTOJIBHEIC
NOJ30HEI pasMepa w? X hZ,

d. JIns xaK10# 10A30HE! MOBTOPAIOTCS IUark 1.1.2) — nm.1.5) M CTPOsTCS COOTBETCTRYIOMME

BEKTOpA V1, Vs, ... Vig541)2.

3. CpaBHeHUE BCKTOPOB IIPU3HAKOB BXOHOIO M 3TANOHHOTO H300PasKeHHS
a. BRIMHCIAIOTCA PaccTOAHMS MEXKIY MOIYYeHHHIMH BEKTOPAMH M BEKTOPOM 3TaJOHHOTO

u3obpaxenns Vy o dopmyne (2).
; 02
a,v,) = m;zx”vl’ -, , (2)

rae j-—- HOMEP COOTBCTCTBYIOLICTO NaT4a.

Cpenu 1aHHBIX PacCTOAHMI BHIGHpPAETCs MUHUMaNbHOE (CM. GuT.. 6) — Dif f 1o hopmyie (3).

Diff = min d(Vy, V) 3)



b. Ha mocnennem mare Dif f cpaBHMBaeTCs ¢ 3apanee 3aJaHHBM TIOPOIOM - T2, SRISIOIIAMCS
napaMeTpoM aiaroperma. [Iis 30661, H300paxkEHHOi Ha puc.5, T = 85.0. Eciu Diff > T?, To

IIPOBCPKA Ha IIOMJIHHHOCTS CHUTACTCH Hf:HpOﬁI[CHHOﬁ, TO €CTh JOKYMCHT NOAXENBHEIM,



OOPMVIIA U30BPETEHUA.

Crnoco6 MpoBepKY MOATHHHOCTH JOKYMEHTOB ¥ KYIZOP ¢ HOMOIIBIO aHA/IM3a IHITLONIPHOTO
PUCYHKa Ha H300paXCHUAX, IIOIYYEHHEIX B BEICOKOM Pa3pelleHUH, 3aKTFOUAt0IMIACS B TOM,
4TO NPOU3BOIAT BEIYUCICHHA dTAIOHHOIO BEKTOPA IIPU3HAKOB Ha W300PakeHUH MOMIMHHOTO
JAOKYMCHTA, BBIYUCICHHSA BEKTOPAa HPHU3HAKOB Ha BXOMHOM H300paKCHHH NOKYMEHTAa W
U3MCPEHHA CXOJCTBA ITANOHHOIO BEKTOpA IIPU3HAKOB M BEKTOpa IPH3HAKOB BXOTHOIO
U300paskeHu,

MIPY 3TOM Ha JTANe BRIYUCIEHUS ITATOHHBIX IPH3HAKOB:

3TANOHHOE M300paXKeHUE NPUBONAT K CEPOMY, HA NPHBEAEHHOM K CEPOMY H300paKEHUH
BBIJIENAIOT 30HY W M BRICOTOH h?, ¢ J1eBbIM BEPXHHM YIVIOM B Touke x°, 0, conepxkarryro
THIEOIIMPHEBIE 3IEMEHTHI B HE COAEPKANlylo TekcTa, dororpaduu, ronorpapuucckux u
UHBIX BapPUATHBHBIX 3JIEMEHTOB, 30HY Pa3OMBAIOT HAa MHHUMAJIBHO BO3MOKHOEC KOJIHIECTBO
TaTYei PaBHBIX pasmepoB, mMpuHa (wé) u Beicota (hZ) (1) KOTOPEIX He LpeBbImaeT 32
TIHKCEJIOR, Aajiee JIIf KaXJOro Marya, IpHBeNEHHOTO K pasMepy 32x32 nuKcena, CYMTAIOT
BEKTOP IIPU3HAKOB ¢ MOMOMEBIo HerpocereBoro (CNN) meckpuirropa, JaHHBIC BEKTOpa
3alIACHIBAIOT B OMHAPHBI (haiiil B HOPAIKE PacloMOKeHEI COOTBETCTBYIOIIMX NaTdeii - cieBa
HAIpago, CBEPXy BHM3, IIPH 5TOM CHadalla 3alIMCHIBAIOT BEKTOPA BEPXHETO psijia nardeH ciepa
HAlpago, 3aTeM BEKTOPa BTOPOTO psijia CIIEBa HANPABO,

IIPA 3TOM Ha STalle BHIYKCICHMS BEKTOpA MPH3HAKOB HA BXOTHOM M300PAXKECHHM: BXOIHOE
N300paKeHHE IPUBOIAT K CEPOMY,

Janee 1 0CEPEHHOI0 H300paXkeHUs! CTPOIOT PACHIMPEHHYIO 30HY IIMPHHEL ¢ KOOPAHHATAMH
neporo BepxHero ymia x°—§&, y® — &, mmpunodt w? + 28 w BECOTH h? + 28 (k 30He
A00aBIAIOTCS paMKH QUKCHPOBAHHOM TONIIMHEI - § IMTUKCEICH,

BHYTPH PaCIIMPEHHOM 30HBI BRIOUPAIOT NPAMOYTONBHEIE MON30HEI pasMepa w? X h%,

JUTSL KKT0H TTOA30HBI IIOBTOPAIOT NPEABIIYIIHE MATH H CTPOIOT COOTBETCTBYIOIINE BEKTOPA
Vi, Vo, o Vigsiye-

IIPH 3TOM Ha JTAIC CPaBHEHMA BEKTOPOB NPHU3HAKOB BXOTHOTO W ITATOHHOTO H300payKCHM:
BEMHCIIIOT DPACCTOSHHMA MEXJY TMOTYYCHHBIMH BEKTOPAMH M BEKTOPOM OTAJIOHHOTO

n3o0paxeHus Vy , Cpeid TaHHBIX PacCTOSHIM BRIOHPAOT MUHUMAIsHOE (CM. dur.. 6) — Dif f



, lanee Dif f cpaBHuBalOT ¢ 3apaHee 3a/laHHBIM II0OPOroM - T2, upuyeM eciu Diff > T2, 1o

IIPOBCPKA Ha HOANHHHOCTD CHUTAETCA HCHpOﬁI[GHHOﬁ, TO €CTh JOKYMEHT ITOIACILHEIH.
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