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BBenenue

Cerojast OOJIBIIMHCTBO IIPOIIECCOB B3aUMOJICHCTBHSI YeJI0BeKa ¢ OpraHn3allnsi-
MU HAYMHAETCs C YIOCTOBEPEHUs] JIMUYHOCTH U BBOJA IIEPCOHAJBHBIX, a HEPEJIKO U
OMoOMETpUYECKUX, JAHHBIX B pa3udHble WH(MOPMAIMOHHBIE cucTeMbl. Kpome Toro,
B pe3yJibraTe Mep, HalpaB/ieHHbIX Ha 00pb0y ¢ suujgemueit COVID-19, mHo)KecTBO
YCJIYT CTAJIO TPEJ0CTABIATBC YIAJIECHHO, TP 9TOM 3aKOHaAMU TPeOyeTcs MPoBe/IeHIe
yjiajeHHoil njpeHnTudukanun JudHoctu. OTKpbITHEe cyeTa B GaHKe, MOJIydeHUe Kpe-
JIATA, 11€PEeBOJI KPYIIHOM JIeHEesKHOM CyMMBbI, IIOKYIIKA CTPAaXOBbIX YCJIYT, YCIYT CBSI3H,
IOBeJIMPHBIX YKPAaIlleHUii, IOoJIydeHne MMOChLIKI U MHOroe Jpyroe Tpedyer dusnde-
CKOI'O WJIU YJIaJICHHOI'O MPEIbABICHUS JIOKYMEHTOB, YJIOCTOBEPAIONINX JIMTIHOCTD.
[Ipn kakjoM TakoMm AeiicTBUM HEOOXOJUMO BBECTH W3 IPEIbSBICHHOIO JIOKYMEH-
Ta IepPCOHAJIbHBIE JJAHHBIC, 8 TaKKe IIPOBEPHUTDh, HACTOSIINN 9TO JOKYMEHT UJIN HET.
EcrecTBeHHO, BCe 9TU IPOIECCHl HYXKIAIOTCA B aBTOMATU3AIINH,

MozkHO 6b1J10 ObI CKa3aTh, YTO €CTh OI'POMHBII OIBIT PACIIO3HABAHIS OOBITHBIX
JIOKYMEHTOB, KOTOPbIII MOYKHO HCIIOJIb30BaTh JijIst 9Toil mesu. Ho, xoTsa Ha 1epBblit
B3IVIsLJ, TIPOIIECCHI PACIIO3HABAHMS BBIIVIAJAT OJMHAKOBO, €CTh PsiJi 0COOEHHOCTEI,
KOTOpPBIE CYIIECTBEHHO MEHSIIOT 3ajady 1 He IO3BOJISIOT HCIO0Ib30BaTh IOIXO/IbI,
paspaboTaHHbIe I OOBIYHBIX JIOKYMEHTOB.

[TepBoit 0COOEHHOCTBIO SIBJISIETCSI caM JIOKYMEHT, YI0CTOBEPSIOININI JIMTIHOCTb.
OH co3aH TakuM 00pa3oM, UTOObI MaKCUMaJbHO 3aTPYIHUTb ero daJbcuduKa-
IUIO U TOJJCIKY. [JIsh 9TOro MCrob3yI0TCs pas3Hble 9JIeMEHTHI 3aIlUThl: CJ0KHBIC
pasHoiBeTHbIe (GOHBI (B TOM YHC/Ie U TUJILOIIUPHBIE), TOJOrPA(DUIECKUE 3/IeMEHThI
3alUThl. Kpome Toro, JOKyMEHTbI, YJIO0CTOBEPSIOIIIE JTNIHOCTh, YaCTO JIAMUHUDY-
10T CIEIUAJIBLHON TIJIEHKOI WJIN Jlayke JeJaloT nx n3 miactuka. Cama mHopMalms
HAHOCUTCsI PA3JIMYHBIMU CIIOCOOAME: SMOOCCUHIOM, I'DaBUPOBKOI, TEPMOIIEYATHIO,
CIIeKaHMeM. 3a4acTyI0 HCIOJIb3YIOTCA YHHUKAJbHbIE CeKpeTHble mpudThl. Bee aTn
ocobenHOCTH O0BEKTA paclo3HaBaHUsd JEJAl0T MHOTHE METOJbI, UCIOJIb30BaHHbIE
JUUIsT KJIACCHMYECKOI0 Paclio3HaBaHUsI JIOKYMEHTOB, He NpuMeHnMbIME. Ocobyio 1mpo-
OJIeMy TIPEJICTABJISIIOT ONTHIeCKU-U3MeHsieMble 3yemMenThl (aura. Optical Variable
Devices, OVD), KoTopble PACIIONIOKEHBI TOBEPX TEKCTA ¥ TPU CKAHUPOBAHUH OObIY-
HBIMHU IJIQHIIETHBIMU CKaHepaMU MOI'YT B OYKBAJLHOM CMBIC/IE€ 3aCBETUTH YIaCTOK

N300paKeHMs, COJIEPKAIUIl TEKCT.



Bropyio 0coO0eHHOCTH HPUHECO MIHUPOKOE pacpOCTPaHeHHe MOOUJIbHBIX
YCTPOICTB, TaKIX KaK CMapT(OHOB MJIN IJIAHIIETOB, KOTOPbIE CTaJIU [T0BCEIHEBHBIM
CPEJICTBOM JIOCTYIIa K BCEBO3MOXKHBIM yciayraM. CoBpeMeHHble cMapT(OHbI UMEIOT
OJIHY WJIM HECKOJIBKO (DOTO/BUI€0 KAMED, 3HAUUTEIbHBIN 00bEM MaMSITH U BBIUUC/TH-
TeJIbHBIE PECYPCHI JIJIsl BBIIOJIHEHUsI pa3HooOpa3HbIX 3a1a4. Hanpumep, J11st MHOIIX
OaHKOB MOOWJIbHOE IIPUJIOYKEHIE CTAJI0 OCHOBHBIM CIIOCOOOM B3aMMOAECHCTBUS ¢ K-
eHTOM. JIOMMYHBIM MIaroM CTaJjI0 UCII0Ib30BaHIe KaMePhl JI/Isl 3axBaTa N300parkKeHns
JIOKYMEHTOB U BBIYUCJNTEIbHBIX MOIIHOCTEM st pacnosHaBaHus. OJHAKO, KpoMe
BBICOKOII CKOPOCTH 3axBaTa N300parkeHus JIOKyMeHTa, (oTorpadupoBanmne Ipu-
HECJI0O ¥ HOBBbIE IPOOJIEMBI, CBA3AHHBIE ¢ KQUeCTBOM KaMep U HEKOHTPOJIUPYEMbIMU
YCJIOBUSIMU ChEMKH, He XapaKTepHbIe JIJId TPAJUIIMOHHOTO CKaHepa: IIyM MaTPHUILbI,
IepeMeHHbIe ¥ HEU3BECTHBIE YCJIOBHUSI OCBEIeHHsI, OJMKHU, pacdOKyCHPOBAHHOCTD,
cmaz. IlogBuinch Tak»kKe COBEPINEHHO HOBbIE IPOOJIEMbI aHAIN3a JOKYMEHTOB: BOC-
CTAHOBJIEHIE KOOP/IMHATHON CUCTEMbI CIIEHbBI U IIOMCK JIOKYMEHTa B 9TOI TpexXMepHOit
ciieHe. HecMoTpst Ha TO 4TO coBpeMeHHbIe cMapTMOHBI 00/1a/al0T 3HATUTETbHBIMI
BBIUHIC/IUTE/ILHBIMI MOIITHOCTSIMI, B CPEJIHEM OHIU BCE eIlle YCTYIIalT IePCOHAILHBIM
KOMITLIOTEpPAM U, TeM 0oJjiee, CepBePHBIM CHCTEMaM, UTO HajaraeT OIpeje/IeHHbIe
pPaAMKHU Ha BBIYHMC/JIUTE]bHYIO CJI0YKHOCTH aJTOPUTMOB paCIIO3HABAHUSI.

[ToMuMO BBIIIEIIEPEINCIEHHBIX HOBBIX 0COOEHHOCTE, CBSI3AHHBIX CO CMEHOI 1C-
TOUHUKA M300PazKeHnii, CJIO?KHOCTAMEI CaMOro 00beKTa, CTOUT TaKzKe OTMETUTh, UTO
TpeOOBaHMSI K KAUeCTBY pPacCIO3HABAHUS JIOKYMEHTOB, YIOCTOBEPSIIOIINX JINUYHOCTD,
IIPEBOCXOIAT TPEOOBAHNUS 110 KAUECTBY J1JIsT OOBIYHBIX JIOKYMEHTOB BBUJIY BarKHOCTU
VJIOCTOBEPSIONINX JIOKYMEHTOB JIJIsI KPaeyroJbHBIX ON3HEC-ITPOIIECCOB.

Taxkum obpaszoM, BarKHasl ¢ IPAKTUYECKON TOUYKH 3PEeHUsl 3aJiada sIBJIsIeTCs
aKTyaJbHOI 1 TpedyeT Jijisi CBOEro PelleHns] HOBbIX HayJIHbIX U TEXHUYECKUX I10/I-
XOJIOB.

Iesnbro 1anHOil PAOOTHI ABJISIETCS UCCIeI0BAHNE 3a/1a4, CBIAZAHHBIX C IOCTPOe-
HUEM CHCTeM PACIIO3HABAHUS JOKYMEHTOB, YIOCTOBEPSIIOIINX JINIHOCTD, 1 CO3/IaHNE
APXUTEKTYPbl 1 AJTOPUTMOB, HEOOXOINMBIX JIJIsI TIOCTPOCHUS Kap/IMHAJIBHO HOBBIX
CHUCTEM 3TOI'0 THIIA.

st peasinsaiuy 9TOM e HeoOXOAMMO PEIIUTh CJIelyIolie 3a a9mn:

1. IlpennoKuTh METOJ, BbIJIE/ICHIS JIOKYMEHTa Ha CJIOYKHOM (poHe, He TpedyIo-

Uil OMHAPU3AIIN U YINTHIBAIOIINI IPOEKTUBHBIE NCKAXKEHISI, BOSHIKAIO-

e npu 0o6padoTke poTo U BUIEO CHIMKOB.



2. IlpennoxkuTh MeTOJ| BbIJE/IE€HNs] TEKCTOBBIX 30H Ha JIOKYMEHTE, He Tpedy-
IOIUIT pacIO3HABAHUSI TEKCTOB U YUUTHIBAIOIIUN BO3MOXKHBIE IIeperra/ibl
SIPKOCTEN U HApYIIEeHUsT «IIPAMOJIUHEHOCTIY CTPOK TEKCTa.

3. Pazpaborarb MeTo]1 pacio3HaBaHus CTPOKHU, HEe TPeOYIONnii 6a30BbIX JIH-
HUIl, yYUTHIBAIOIIUI BO3MOXKHBIE OJIMKK U Jpyrue HEKOHTPOJIUPYEMbIe
YCJIOBHSI OCBEICHUSI.

4. TlpeioKuTh METOJ TMPOBEPKH MOJINHHOCTH YIOCTOBEPAIONINX JIOKYMEH-
TOB, BKJIIOUAIOIIII KAK POBEPKH MeOMEeTPIYIECKOro Xapakrepa (Hmo/mmcH,
[evYaTu U T. JI.), TaK ¥ JIOTHIECKOr0 XapaKTepa.

5. UccnenoBaTh METOJIbI MCIIOJIB30BAHNST BIICONOTOKA JIJIA YIYUIIIEHUs Kade-
CTBa, PACIO3HABAHMA U MPEJJIOKUTH aJIrOPUTMbI KOMOMHUPOBAHUST PE3YJIb-
TaTOB U OIPaHUYEHUs] UNC/Ia PACCMATPUBAEMBIX KaJIPOB.

6. [lpeamoKuTh METOJbI MOCTPOEHUsT KOJIEKINIT «UCKYCCTBEHHBIX» YIOCTO-
BEPSIONINX JOKYMEHTOB C HYKHBIMU XapaKTEPUCTUKAME JIJIsi OOyUeHUs 1
KOHTPOJIsI IIPOTPaMM PACIO3HABAHKSA, YIUTHIBAS TPYHOCTH IOy YEHIS Pe-
AJIbHBIX JOKYMEHTOB.

7. Ha Gaze mpeiosKeHHBIX METOJI0B Pa3paboTaTh yHUBEPCAIbHBII TpOrpamMmM-
HBIIl KOMILJIEKC PACIO3HABAHUS JJOKYMEHTOB, YJIOCTOBEPAIOIINX JITIHOCTD,
KOTOPBII B KayKJIOM KOHKPETHOM cjydae paboTas Obl Ha ypPOBHE JIyUIIHX
MUPOBBIX 00PA3IIOB.

Hay4ynasi HOBU3HA J11CCEPTAIIMOHHOIO HCCJIEIOBAHIS 3aKJII0YACTCs B CJIe-

JIYIOIIUX aCIeKTax:

1. B auccepramuum BriepBbIe IPeIoyKeHa YHUBEPCAJIbHAA apXUTEKTypa, CICTe-
MBI pacIiO3HaBaHUs JOKYMEHTOB, YAOCTOBEPSOIINX JIMTIHOCTh, OIUPAIOIIasi-
cs1 Ha, COBPEMEHHbBIE MEeTObl 00paboTKu n30opaxkenuit. Ha ocHoBe mMeTo10B
MaTemaTudeckoit mopdgosornn, Buosbl-/Ixkonca u RANSAC pazpaboranbr
AJICOPUTMBI, TT03BOJIAONINE IMDPEKTUBHO BbIJIEISITH M300parkeHne JIoKy-
MEHTa Ha, CJI0KHOM (pOHE, OCYIIECTBJSIThL IIOUCK o0pa3lia 1 OTOOparKeHue
JIOKYMEHTa Ha MIa0JIOH, BbIJICJIATh U PACIO3HABATH OTJCIbHBIC MOJIST JIOKY-
MEHTA, & TaKKe OCYIIEeCTB/ISATH MPOBEPKU TOJTNHHOCTH.

2. BriepBble TpOBEJEH MUPOKWUIT aHAIN3 METOJIOB WCIOJIb30BAHUA BUJIEO-
HOTOKA JIJIsI paclo3HaBaHUs JIOKYMEHTOB, YJ/IOCTOBEPSIONINX JINYHOCTD.
[TocTpoena HoBasi BepOSITHOCTHAsi MOJI€/Ib Ha OCHOBe pacipejesenus Jlu-
puxJie, aJleKBaTHO OINCHIBAIOIIAs OIEHKN Pe3y/bTaTOB pacIiO3HABAHUS HA

Ka/Jipax BHJCOIIOCJIEJOBATCJIIBHOCT M COIVIaCYHOIIadCd C SMIIMPUYICCKHMU



JaHHBIMU 110 KpuTepuio AHjuepcoHa-/lapimara, IpUrojgHast K HUCIOIb30Ba-
HUIO KaK JIJIg [OJIyUeHUs KOMOMHUPOBAHHOIO pe3y/ibTaTa Paclio3HaBAHMS
00BbEKTOB B BHJIEOIIOC/IEI0BATEILHOCTI, TaK U JJIsI IPUHATUS PEIIeHns: 00
OCTAHOBKE IIPOIECCa PACIIO3HABAHIS.

3. Buepsble mocTtpoeHbl 0a3bl BUIEOIIOTOKA M300parKeHUil JIOKYMEHTOB, Y/I0-
CTOBEPSIIONINX JIMIHOCTb, B 00beMax, IO3BOJIAIONINX IIPOBOAUTL 00yUeH1e
AJI'OPUTMOB 1 KOHTPOJIb IIPOI'PAMMHBIX KOMILIEKCOB. s 3TOro pas-
paboTaHa OpUIMHAJIbHAS CHUCTEMa ayTMEHTAINH, TeXHOJOIUs II0JIyYeHIs
OyMarKHBIX IICEBJIOJIOKYMEHTOB 1 IPEbsABICHIS UX B BUJICOIIOTOKE.

4. PaspaboTan yHUKaJIbLHBII TPOrPAMMHBII KOMILIEKC PACIIO3HABAHUS 1IEHTH-
duKalnmoHHbIX T0KyMeHTOB. Ha Oa3e Hero cos3jian psiji HPUKJIaIHBIX CHCTEM,
BHEJIDEHHBIX U BHEAPSIONINXCS B TOCYIaPCTBEHHBIE OPTaHI3aIisIX, OaHKaxX,
y OIIepaToOpPOB CBSI3M, B a3POIOPTax, Ha KEJE3HbIX JOporax u T. II., KaK B
Poccun, tak u 3a pyOekoM.

OcHOBHBbIE II0JIO2KEHNS, BBIHOCUMbIE HA 3aIIUTY:

1. Ilpu pabore ¢ uaeHTH(UKAIMOHHBIMI JOKYMEHTaAMU C ITOMOIIBIO MO-
OMJIBHBIX YCTPOMCTB TPaINIIMOHHBIE METOJIbI PACIIO3HABAHUA JOKYMEHTOB,
OCHOBaHHbIE Ha OMHAPHU3ALNKM N300parkKeHus, IONCKe IIPAMOYTOJIbLHUKOB,
naeHTHGUKAIIN [ToJIefl TeKcTaMi M T. II., OKA3bIBAIOTCSI HEJO0CTATOYHbI-
MU WK JIazKe HellpuMeHUMbIMU. HeoOXo1nMo onuparThcsl Ha COBpEMEHHbIe
MeTojibl 0opaboTku 2D u 3D mzobparkenuii, 0cobEHHOCTH BHUJICOIIOTOKA U
crenmpuKy caMux JTOKYMEHTOB, YIOCTOBEPAIONINX JTHIHOCTD.

2. Hnsg npeaTndukainy JOKyMeHTa Ha M300parkKeHun U 110Jieil Ha, JOKYMeH-
Te MOYKHO HUCIIOJIb30BaTh AJI'OPUTMbI, OCHOBaHHBIC HA BbLIJIEJICHUN OCOOBIX
TOYEK, HO HEOOXOIUMbI CIIelHa/IbHbIe MEXaHU3MbI JIJIsi YCKOPEHUs IIOUCKA,
paszpaboTaHHbIE B JIMCCEPTAINN.

3. Wcnosp3oBaHne BHIEONMOTOKA SIBJISIETCSI CEPHE3HBIM PECYPCOM IS MOBBI-
IIIEeHITsT KQIeCTBa, PACIO3HABAHNS JIOKYMEHTOB, YI0CTOBEPSIIOIIIX JIMTIHOCTD.
[Ipu 5TOM MexXaHU3MbI, 00bEINHAIOIIIEe BLIOOD HAMJIYUIIero Kajapa, KOMOu-
HUPOBaHNE PE3y/IbTATOB PACIO3HABAHUS U METO/I IPOTHO3UPOBAHUS OIEHOK
JIUIsl OIIpEJIeJIEHUsT TOYKKM OCTAaHOBA, pa3pabOTAaHHBI B JIMCCEPTAINN, B
cyMMe obecrednBaioT OJIM3KHe K ONTHMAJbHBIM PEHIeHUsSI 10 KPUTEPUsSM
MaKcuMu3ammu GYHKINN, BKIIOYAKOIEH OIeHKI CKOPOCTH 1 KadecTBa, pac-

IIO3HaBaHUAd.
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4. PazpaboTaHHble B JiuCCEPTAIMN METO/bI IIOCTPOEHUs KOJIJIEKITI BI1€01M300-
paykKeHnii U BUJIEOIIOTOKA, OCHOBAHHBIE Ha ayrMeHTAllMd U CIEeIUaIbHBIX
MeTo/IaX 00pabOTKM, AT BO3MOXKHOCTL IOCTPOUTH Oa3bl JTAHHBIX st
o0ydYeHus cuCTeMbl paclo3HaBaHusd U KOHTPOJIA PE3YIbTaToB, JlaXKe UMest
eJIMHNYHbIE N300paKeHNd 3a/JaHHOI0 THIIa JJOKYMEHTOB.
5. Paj meronoB, paspaboTaHHBIX JIJIsi YCKOpPEHUsi pabOThl IIPOrpaMM pPaciio-
3HABaHUSI, KAK CBA3aHHBIX C IPUOIMKEHUSIMUI B HEHPOHHBIX CEeTsIX, TaK U
C UCIIOJIb30BAHIEM OCOOEHHOCTEH apXUTEeKTYPhl KOMIILIOTEPOB, MO3BOJIAIOT
JIOOUTHCA HA MOOMJIBHBIX YCTPOMCTBAX BHICOKON CKOPOCTH PAOOTHI, COIIOCTA~
BUMOI1 MJIN IIPEBBIIIAIONIEl CKOPOCTH 3axBaTa M300pakeHusi. B Tom duciie,
yJlaeTcs JOOUThCA MPUEMJIEMbBIX PE3YJIbTaTOB Ha OTEYECTBEHHBIX ILJIATMOP-
Max.
6. Bakneiimeit 4acTbio CHCTEMbI PaclO3HaBaHUA JOKYMEHTOB, YIOCTOBEPSIO-
IIUX JITYHOCTD, SIBJISIETCs CUCTEeMa, IIPOBEPKU IO/ INHHOCTH. Pa3zpaboTanHbie
B JINCCEPTAINE METO/IbI (HATMUMsT 00sI3aTeIbHBIX 00bEKTOB, TAKUX KaK MO/~
MUACH U [IEYaTH, KOHTPOJIst (GaKTyphl MedaTn u mpudTa 1 Jp.) TO3BOJISIOT
OXBaTHUTh OOJIBIION KPYT BO3MOYKHBIX (pajIbCUMUKAIUI 1 TTOJJIEIOK.
MeTtomosorng n MeTo bl nccijeaoBammsi. OCHOBOI TPOBOJINMBIX B JTUCCEP-
TaIU HCCJIeIOBAHNIT SIBJISETCS METO/0JIOIUsI CUCTEMHOI'0 aHa n3a. B Teopernyeckoii
JACTH UCIOJIB3YIOTCA METObI TEOPUN BEPOATHOCTEH 1 MaTEMaTHICCKON CTATUCTUK.
B anropurmudeckoit yacTu paboThl HCIIOJIB3YIOTC cOBpeMenHble MeTobl Computer
Science u, B 9aCTHOCTHU, METOJIbI IU(POBOIl 00PADOTKI M300parKEeHMIA.

ITyoaukamum. OcHOBHBIE pe3y/IbTATBI 110 TEMe [IUCCEPTAINH U3JI0YKEHBI
B 40 nevarHbIX padboTax, 20 U3 KOTOPHIX U3JaHbI B »KypHaJaX, PEKOMEHI0BAHHbBIX
BAK, 30 pabor nnnexkcupyercst Web of Science u Scopus (Briouast 10 pabot, ory6-
JIMKOBaHHBIX B KypHatax Q1 m Q2).

JImaubIii BKJaJ. Bce ocHOBHBIE Pe3y/IbTaThl JUCCEPTALMH IIOJIYUYEHbI aBTO-
POM CaMOCTOSITeIbHO. B 00JIbIIMHCTBE COBMECTHBIX IIyOJIMKAIMI 110 TeMe JIIccep-
TaIuy aBTOPY NPUHAJJIEXKAT TOCTAHOBKHU 3aJlad U MPUHIMITHAJIBHBINA TOJIX0J K UX
periennio. B To »ke BpeMsi jietajibHasi IpopaboTKa aJlrOPUTMOB U UX peasn3aliid da-
I1e BCEro MpHHAJIeZKUT coaBropaM. B paborax [1-2; 35; 39| conckaresiem mpeiiozken
o0t TOJIXOJ] K IMOCTPOEHUIO CUCTEMBI paclo3HaBaHUA JOKYMEHTOB, YJIOCTOBE-
PSIIOMINX JIMYHOCTH, Ha MOOMJIBHBIX YCTPOMCTBaxX, INpopadoTaHa apXUTEKTypa U
OIPEJIEJIEHO MECTO aJIFOPUTMOB MTPOBEPKH TTO[JTMHHOCTH JOKyMeHTOB. B pabote [10]

COMCKaTeJIEM JIMYHO MCCJIeJ0BaH BOIIPOC HCIIOJIb30OBaHMA HpO6JIeMHO—OpI/I€HTI/IpO—
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BaHHBIX IMAKETOB JAHHLIX B Hay4YHLIX pPadoOTaxX IO PACIO3HABAHUIO JTOKYMEHTOB,
YJIOCTOBEPSIONINX JIUIHOCTD, MOCTABJICHA 3a/1a9a CO3/IaHIA HOBBIX [TAKETOB JAHHDIX.
B paborax [3; 5; 20; 24; 30] couckareynem JUIHO paspaboTaHa METOMKa CO3IAHMUST
JIATACETOB, 10J00paH MHCTPYMEHTApPUl U OIpeJieJIeHbl CIIOCOObI COOJIIO/IEHNsT 3aKO0-
HOJlaTeIbeTBA. B pabore [8| conckaresem paccMOTpPEHBI TPOOIEMBI PACIIO3HAIOIINX
cucreM, 00padaThIBAIOIINX PA3HOPOIHBIE BXO/IHbIE JaHHBIE, 8 TaKxKe cOPMUPOBAHDI
IOJIXOJIbI K TIOCTPOEHHIO CHCTeMbI pacio3HaBanus. B pabore |9] conckaresnem mpei-
JIO’KEHBI OCHOBHBIE Tallbl 06paboTKu 1mabsona gokymenta [D-kapr. B pabore [11]
coucKaTeJeM IPeJI0KEeHbl METO/Ibl KOMOMHUPOBAHIST MHOYKECTBEHHDBIX PE3Y/IbTATOR
pacro3HaBaHUs TEKCTa [PU Paclo3HABAHUN BHJIEONOTOKa. B paborax [6; 21; 23;
28; 36| comckaresieM mpe/IozKeHO UCIOTh30BaHNe ceMeiicTBa KaCKa IHBIX KIacChHpu-
KaTOPOB JIJIsI Pellenns 3aaun JIOKAJIM3AIUN MMTaAMIIOB U IedaTeil Ha JTOKYMeHTax
JUUTsT OTpejie/IeHnsl WX TOJITMHHOCTH, & TaKyKe MPEJIOXKEH TTOIXO0/ IO ayrMeHTaIun
00yYaloNuX JAHHBIX JIJIsd 9DPEKTUBHOTO 00yYeHrsT TaKX KjiaccudukaTopos. B pa-
oorax [13; 14; 19; 26; 29; 31; 32; 34| couckareyieM paccMOTpeHa MpobJjieMa 0CTaHOBa
paclio3HaBaHusl JIOKYMEHTa, & TaKKe MPeJJIOYKeHbl U MPOaHAJU3UPOBAHBI METOIbI
OCTaHOBA, IIPOIECCa PACIIO3HABAHNS HA OCHOBE aHAJIN3a MOIYJIAINI pe3yabraTa pac-
MO3HABAHNA, PACCMOTpEHA MTPodIeMa KOMOMHIPOBAHUS PE3yJILTATOB PACIIO3HABAHIS
BUJIEOTIOTOKA W TIPEJIJIOZKEeHA Cepusl TOXOJIOB [ perleHns copMyTupOBaHHOM
sajiaun. B paborax [33; 38-39] couckaresieM JIMIHO HpeJIOzKeHa MOJIEIb PACIO3HA~
BaHUsSI JIOKYMEHTOB C OIICHKO! KadecTBa B BUJIEOIIOTOKE.
Anpobarust paboTbl. OCHOBHBIE PE3yJIbTATHl PAOOTHI JOKJIAIBIBAIICH U 00-
CYKJIAJTICH Ha CJIEIYIOMNX MPOMUILHBIX MEXK/TYHAPOIHBIX KOH(MDEPEHIHsIX (deThipe
13 KOTOPBIX OTHOCATCS K KoHpepenmusaMm padra Al m A2 no cucreme paHKUpPO-
Barust Qualis):
— 25th International Conference on Pattern Recognition (ICPR 2020), Musas,
Uranust — koudepenrust panra Al;

— 16th International Conference on Document Analysis and Recognition
(ICDAR 2021), Jlozanna, [seittapust — kordepenrusi panra A2;

— 15th International Conference on Document Analysis and Recognition
(ICDAR 2019), Cunneit, ABcrpanust — koHdepennus panra A2;

— 14th International Conference on Document Analysis and Recognition
(ICDAR 2017), Kuoro, fnonust — koudepennust paara A2;

— 15th International Conference on Machine Vision (ICMV 2022), Puwm, Ura-

JIS;



12

— 14th International Conference on Machine Vision (ICMV 2021), BupryaJib-
Hasl KOH(DEePeHI;

— 13th International Conference on Machine Vision (ICMV 2020), Bupryasib-
Hasl KOH(EPEHIIHsI;

— 12th International Conference on Machine Vision (ICMV 2019), Amcrep-
naMm, Hunepaamapr;

— 11th International Conference on Machine Vision (ICMV 2018), MronxeH,

[epmanug;

— 10th International Conference on Machine Vision (ICMV 2017), Bena, As-
CTPHUST;

— 9th International Conference on Machine Vision (ICMV 2016), Humma,
Opanmus.

B 2020 rojy pe3yibTaThl JUCCepTAMOHHO pabOThI OBLIN ITPEICTABIEHBI B TLIe-
HapHaoMm Joksajie «Recognition of documents with fixed layout on a mobile device:
coarse-to-fine Approach» na VI Mexxaynapo/iHoit KoHdEepeHIINNT U MOJIOIeXKHOI KO-
76l «Hdopmannonnbie TexHosornn n HaHotexuosoruny (MTHT-2020).

I'panToBag mogaepxxkka. Ps1uccienoBanmii mo TeMe IUCCEPTAIIMOHHON pa-
60TbI TIojIep2Kanbl Poceniickum (hoH oM pa3BUTHS MHMOOPMAIMOHHBIX TEXHOJIOTHI
u Poccuiickum doniom dpyHIaMeHTaJIbHBIX HCCIE0OBAaHNll, B KOTOPbIX COMCKATE/Ib
BBICTYIIAJI HEIIOCPEJICTBEHHO B POJIM PYKOBOAUTEJISI IIpoeKTa. COOTBETCTBEHHO, YacTh
Pe3yJILTATOB JINCCepTalnn ObLIa IOJIydYeHa B MPOIecce BBIIOJHEHUsT paboT 110 ciie-
JIYIOITAM TPaHTaM:

— Corammenne Ne 2021-550-80 ot 29.06.2022, npoekt «/lopaboTka mnporpam-

MBI JIJIsT Paco3HABAHUA WICHTUPUKAIIMOHHBIX KapT JudHocTu «Smart ID
Engines: pazpaboTka MOy BBIABIECHNS TPU3HAKOB (DaTbCUUKAIIT J10-
KYMEHTOB U aTakK Ha IPebsiBJIeHIE JJOKYMEHTOB B ONTHYECKOM JTHAIIa30He
Ha OCHOBE TEXHOJIOTUIl MCKYCCTBEHHOTO MHTEJIIEKTAY ;

— IIpoekt PO®I 17-29-03170 opu_ ™M «HccememoBanne ObICTPOIEHCTBYIOMINX
METOJIOB U aJIrOPUTMOB 00pabOTKM M300PayKeHUii 1 ONTHYECKOI'O0 PaCIo-
3HABAHUS JIJI UCIIOJIB30BAHUS B MOOMJIbHBIX YCTPOICTBaX ¢ OrpaHMYEHHOI
BBIYNCIUTE/ILHON TTPOU3BOIUTETIbHOCTHIO |

— IIpoekr PODOU 18-07-01384 «HccnepoBanme TPUMEHUMOCTH METOJOB
HeJIMHEHHbIX  alllIPOKCUMAINN ST  ONTUMHU3AIMU  OBICTPOJIECTBUS  1C-
KYCCTBEHHBIX HEWPOHHBIX ceTeifl Ha COBPEMEHHBIX MUKPOIIPOIECCOPHBIX

apXUTEKTypax»;
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— IIpoexkt PODU 15-07-06520 «MeTo b1 KOHTPOJIS TOJIUHHOCTH JIOKYMEHTOR
1 X GpparMeHToB B THOPU/IHBIX CUCTEMaX 00pabOTKH, Iepe/ladn U XpaHeHHs
JIOKYMEHTOB>.

Teopernydeckass 3HAYNMOCTDH pabOTHI COCTOUT B TOM, YTO IPEJIJIOKEHA HO-
Bas TOCTAHOBKA 3aJIa9M W IPEJJIOKEHbI HOBBIE MOJIXOJbI K IMOCTPOEHUIO CHUCTEM
pacro3HaBaHus JIOKYMEHTOB, & TaKyKe B BO3MOKHOCTH pPa3BUTHsA METOJOB, pa3pa-
O6aTbIBacMbIX B JiUCCepTallii, KaK B paMKax CHUCTEM pPacCMaTpUBAEMOro B paboTe
KJIacca, TaK U B PaMKaX JPyI'uX aKTHBHO PA3BUBAIOIINXCsI HAIIPABJIEHUN paclio3Ha-
BaHUSI JIOKYMEHTOB.

IIpakTuieckass 3HAYUMOCTD JUCCEPTAIMONHON pabOThI COCTOUT B IIPH-
MEHUMOCTH TIPEJIJIATaeMbIX B JIUCCEPTAINN KOHIEIITIT U METOJIOB K ITOCTPOEHUIO
MPAKTUICCKIX CHUCTEM pPAaCIO3HaBaHUS WJICHTU(MUKAIMOHHBIX JOKyMeHToB. Ona
HOJITBEPXKIaeTCs  CO3/IaHUEM IIPOrPAMMHOTO MHCTpyMEHTapus Ha 0a3e pelieHwuii,
IPEJJIOYKEHHBIX B padoTe, KOTOPbI HMPUMEHEH B OOJIBIIOM KOJMYECTBE MPUKJIa/I-
HBIX CHCTEM, PabOTAIONINX B COTHSIX OPraHMU3aIliil, UCIIOIb3YIONNX PACIO3HABAHIE
nacrnopToB P®, mIacTUKOBBIX KApT, MAITMHOUYNTAEMBIX 30H, BOJAUTEIHLCKIX YI0CTO-
BEpPEeHMiT W JPYIUX JIOKYMEHTOB. AKTBI O BHEJPEHHN PEe3YJIbTATOB JINCCEPTAIN
npusejiennl B [Ipuoxkenun A. [IpakTnyeckast 3HaUMMOCTH PAOOTHI IO ITBEPZK TACTCS
takxke 2 narentamu CIIA, 5 narentamn na n3obperenne P®, 16 narentamu Ha 110~
JIE3HYTO MOJIEJIb 1 4 CBUJIETEJILCTBAMU O TOCYIAPCTBEHHON PErUCTPAIIHI ITPOTrPAMMBI
st 9BM, B KOoTOpble BXOJAT PE3YIbTATHI, COIEPKAINECcs B JINCCEPTAIINN.

JloCcTOBEPHOCTDH MMOIYUYEHHBIX PE3YIBTATOB TMOJITBEPXKIACTCA MHOTOUHIC/IEH-
HBIMU TTYOJTUKAIUSIMU, MHOTHE U3 KOTOPBIX UMEIOT BBICOKUIT YPOBEHDb IIUTHPYEMOCTH.
Pesybrarsl TakKe JIOKIa/IbIBAIUCH HA BEJIYIIUX 110 JAHHON TeMAaTUKe MEXKIyHAPO/I-
HbIX KoHdepennusx. [IporpaMMHbie KOMILIEKCHI, CO3/IaHHbIC Ha OCHOBE PE3YJIbTAaTOB,
OIMCAHHBIX B JIUCCEPTAINHU, YCIEITHO PA0OTAIOT B OOJIBIIOM YNC/Ie OpraHu3allnii.

Pesynbprarsl auccepTaliionnoro MUCCIe0BaHns COOTBETCTBYIOT ITACIIOPTY
cruenmuagabHocT 2.3.1 «Cucremubiii aHajm3, ynpapjieHue u o0paboTka HHGOP-
MaIl¥, CTaTUCTHKA», a WMeHHO NyHKTYy 1 «Teopermuecknme OCHOBBI U METOBI
CUCTEMHOT'O aHaJn3a, ONTUMU3AINN, YIIPABJICHIA, TPUHATHS pPeIeHil, 00paboTKN
nHQOPMAIK ¥ UCKYCCTBEHHOTO MHTE/IEKTay, IMYHKTY 2 «Dopmasin3aliis U 1ocTa-
HOBKa 33/1a9 CUCTEMHOTO aHaJIN3a, ONTUMU3AIINN, YIIPABJICHUsI, IPUHATHUST PEIIeHIi
n obpaboTku nHMOPMAIUNy, MYHKTY 4 «Pa3paboTka MeT0/I0B U aJrOpUTMOB pellie-
HUS 33J1a9 CUCTEMHOTO aHaJIN3a, ONTHMU3AIINN, YIIPaBJeHUs, MPUHATUS PEIIeHMiT,

00paboTKM nH(pOpPMAIUN 1 UCKYCCTBEHHOIO MHTEJIEKTay, MyHKTY 5 «Pazpaborka
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CHEeNMAILHOIO MATEMATHIECKOTO U AJITOPUTMUIECKOT0 ODecTiedennst It PerieHust
3a/1a9 CHCTEMHOTO aHa/IN3a, ONTUMU3AINN, YITPABICHN, TPUHATHAS PeIlleHnii, oopa-
O0TKM MHMOPMAITNN W UCKYCCTBEHHOIO MHTEJIJIEKTA>.

O6beM m cTpyKTypa paborhl. [luccepraliysg cOCTOUT U3 BBEJIEHUsI, D TJIaB
n 3akaovdennsd. [loHbIT 00bEM JMccepTalun cocTaBsgeT 358 CTPaHMUIL, BKJIIOYas

104 pucynka u 27 Tadsui. Crucok jimrepaTypbl cojepKuT 350 HauMeHOBaHMIA.
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I'maBa 1. ABTOMaTmyeckuii aHaJIn3 W paclio3HaBaHUe M300pa>kKeHuii
JOKYMEHTOB MeTOJaMi KOMIbIOTEPHOI'0 3PpEeHus

1.1 Bseaeunne

Opranmnsalnus 1 BeJleHIe yJueTa [IOCPeICTBOM JOKYMEHTO0DOPOTa COIIPOBOXK 1a-
eT JeJIOBEUECKYIO JIesITe/IbHOCTD ¢ JipeBHelmux Bpemen. B nadase 1980-x, cieys
38 pa3BUTHEM 3JIEKTPOHHON BBIYUCINTEILHON TEXHUKN, HAYAJICS IPOIECC IepeHo-
ca IIPOIECCOB yIIPaBJICHN JOKYMEHTaMU Ha OyMasKHBIX HOCUTE/ISIX B 9JIEKTPOHHYIO
dopmy. HecmoTpsti Ha 1oBceMecTHbIe W IIOCTOSTHHBIE ITPOIHO3BI O TOM, YTO 3JIEK-
TpoHHast (popMa HeM30eKHO 1 0YeHb CKOPO 3aMEHUT OYMAayKHYI0, BECh MUP, CIIYCTsI
0oJ1ee COpOKa JIeT, IIPOJIOJIXKAeT MCII0JIb30BaTh JIOKYMEHThI Ha OyMAayKHBIX HOCHTE-
JISIX, 1 CHCTEMbI ‘CMEIIaHHOTO JOKYMEHTO00OPOTa, B PAMKAX KOTOPBLIX ITOJHOCTHIO
OTKa3aTbCsl OT TPAIMIMOHHBIX OYMAarKHBIX JOKYMEHTOB BCe elle Hejib3s. B rakoii
CUTYAIMH IIPEJICTABIISIETCS BaXKHBIM 00J1a/1aTh TEXHOJOTUSAMEI, KOTOPbIE ObI T103BO-
JISLIA JIETKO U TOYHO IpeoOpa30BbIBATH JOKYMEHTHI M3 OJHOI (POPMBI B JIPYTYIO.
BarkHelimummM crieKTpoM 3a/1ad, pelleHrne KOTOPhIX HEeOOXOIMMO I ITOCTPOEHUs U
GYHKIIMOHUPOBAHUS TaKUX TEXHOJIOIUI, ABJISIIOTCA 3aJa4dl aBTOMaTHIECKOI'o aHa-
JI3a U PACIIO3HABAHUS M300pazKeHuit JOKYMEHTOB (B AHTJIOSI3BITHON JIUTEPATYPE -
Document Image Analysis, DIA).

st obcy»KaeHus 3ajiad aHau3a U paclio3HaBaHUs M300parKeHUil JTIOKYMEH-
TOB HEOOXOJIMMO BBECTH HECKOJIbKO OCHOBHBIX IOHATHII. Mbl OyjeM IOHUMATh
OJ1 “JIOKYMEHTOM” COBOKYIHOCTH HEM3MEHsIeMbIX (J1J1s1 3abUKCHPOBAHHOIO KJIACCa
JOKYMEHTOB) 9JIEMEHTOB U MH(DOPMAIMOHHBIX ATPHOYTOB. SHAUEHUsT ATPUOYTOB HH-
TEePIPETUPYIOTCA THPOPMAIMOHHO! CHCTEMOI ¢ 11eJIbI0 IIPOBEJIEHIs Ollepalluii Hal
JIoOKyMeHToM. [Ipumepamu Takmux oreparnuii sBJISIOTCS PerucTpalins, aHHyJIupOBa-
HUEe, KOHTPOJIb, CUHXPOHU3aIlUs aTPpUOyTOB JIOKYMEHTA M JIAHHBIX B 3JICKTPOHHOM
apxuBe U T. II., KOTOPbIe OTHOCSTCS K KJaccy “J1eJIOBBbIX JIOKyMeHTOB. B oTsmune
OT IPOU3BBOJILHBIX JOKYMEHTOB aTPUOYTHI JIEJIOBBIX JOKYMEHTOB SIBJISIIOTCS Iapa-
MeTpaMu JIJIs MPOIECCOB JIOKyMeHToobopoTa. OJMH U TOT Ke JIOKYMEHT MOXKEeT
CYNTATLCA U IPOU3BOJILHBIM, U Jea0BbIM. Hampumep, n3 nzo0parkKeHusl JIeHexKHOM
OaHKHOTBI, CHADKEHHO YHUKAJIbHBIM HOMEPOM 1 00J1aalomieil mpru3HaKaMu O [JTHH-

HOCTH, MOZKHO M3BJI€YDb IIPUSHAKN JJIA IIPOBEPKN IIOAJIMHHOCTU UJIN ITPONUCXO2KICHUM A
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O6aHKHOTHI. B HacTosiliee Bpemst Takast peryssipHas oOpadoTKa OaHKHOTHI sIBJISICT-
¢ UCKJIIOUNTEIbHOM. IIpumMeps! T0KyMeHTOB pas/ndHbix Tuiosltdl mpejcranieHnbl

Ha puc. 1.1.
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Pucynok 1.1 — Ilpumepbl uieHTHGUKAIMOHHBIX JOKYMEHTOB (CBEpXYy) U I'MOKUX

(bOpM JIeJIOBBIX JIOKYMEHTOB (CHU3Y ).

JIOKyMEHTBI cojepzKaT CTaTUYeCKUe 3JeMEHThI U 9JIeMEHThI 3allOJHeHHS: 10~
Jis1 (aTpubyThl), HOATBEPXK Iaroliue sieMeHTbl. CTaTuIecKUMU 3JIeMEHTaMU, TTPEKJIe
BCEr0, SIBJISIIOTCS CJIOBA CTATHIECKOro TekcTa. CTaTudyecKue cjioBa IPYIIUPYIOTCS B
CTPOKH, B 3aroJIoBKM, B ab3albl U B naparpadbl. JApyruMum craTndecKuMu 3J1eMeH-
TaMU SIBJIAIOTCS pasjie/istonue JuH, oap-kKoabl 1 QR-Kogbl, paMKi 9eK-OOKCOB.
CJI0’KHBIM CTATUYECKUM 3JIEMEHTOM sBJisieTcst Tabsuna. [lossg MoryT onpeneraTbest
KaK TeKCThI, OrpaHNYEHHbIE CTATUICCKUMI JJIEMEHTAMU WU Pa3/Ie/IsOMIMI JINHU-
SIMA ¥ JIMHUASIME Ta0Juil. BO3MOXKHBI MHOTOCTPOYHBIE IT0JIsI, YACTH KOTOPBIX MOLYT
HIEPEHOCUTHCsT Ha JIPYTYIO CTPAHUILY MHOIOCTPAHUYIHOTO JoKyMeHTa. K moarsep:K ia-

UM JIeMEeHTaM OTHOCATCA IIOAIIMCHU, II€9aTHh N PYKOIIMCHBIE ITOMETKH. ,HI/ISaIL/'IH
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JIOKYMEHTOB MOXKET COJIEPZKATDH CEKITNH, 00beIMHAIONTNE JIOTHIECKN CB3aHHble IPYTI-
IIbI 97IeMEeHTOB U T10Jieit. CyIIecTBYIOT KJIacChl JIOKYMEHTOB (K IPUMepY, TOKYMEHTHI,
YJIOCTOBEPSIONINE JTMIHOCTD, JIMOO JIPYTHe JJOKYMEHTBI, BBITIOJTHEHHbBIE Ha CIIEIUA b
HBIX OJIAHKAX ), COJEPKAIIIE CJOXKHBIN (DOH, TAKZKe OTHOCSIINIICS K COBOKYIHOCTH
CTATUIECKUX JIEMEHTOB JOKYMEHTA, JIHOO MPOU3BOJIbHBIN CJIOKHBIN GOH (K mpuMe-
py, MOH IJIACTUKOBOI 6aHKOBCKOIT KaprI), KOTOPDLII, CTPOrO TOBOPY, HE ABJIACTCH
CTATHIECKIM 3JIEMEHTOM, HO ¥, KaK IIPABWJIO, He HeceT MHMOPMAIMOHHON HArPY3KH.

[Ton pacmosznaBanueM JIOKYMEHTa Mbl [TOHUMAEM H3BJICUCHIE aTPUOYTOB U3 00-
pasa jiokymeHnTa. [Ipu aTom JacTo o pacro3HaBaeMbIX JJOKYMEHTaX 3apaHee N3BeCTHa,
HeKoTOpasi MHMOpPMAaIUst O CTPYKTYpPe JOKYMEHTa U XapaKTEePUCTUKAX aTpUOYTOB.
Cpenn pa3zHooOpasnsi BCEBO3MOXKHBIX JJOKYMEHTOB MOYKHO PacCMOTPETh CJIe/IyIOIIIe
KJIACCHI (IPYIIUPYsT IO CTPYKTYpe):

— “skectkue”’ (bOpMbI, co34aBaeMble eIMHOOOPA3HO MOJUTIPAMDUUIECKUM CIIOCO-

OOM, HaIpuMep, WIeHTHMDUKAIMOHHBIE JTOKYMEHTBI (MACIOPT, YI0CTOBEPEe-
HUE JINYHOCTH ), BOJUTEJIbCKUE YIOCTOBEPEHMUsl, ODAHKHOTHI;

— “rubkue” (popMbl, co3IaBaeMbIe 110 U3BECTHLIM ITab/I0HAM, HAIpUMED, CTaH-
JIAaPTHBIE AHKETbI, YBEJIOMJICHUs, JIeKJapallii, IJIACTHKOBbIe OAHKOBCKIE
KapThl;

— JIOKYMEHTBI 0e3 CTpororo mabdJ/oHa, HaIpuMep, JJOrOBOPHI, JOBEPEHHOCTH,
dopmasibHBIE TTHCHMA;

— JIOKYMEHTBI, CO3/laHHbIe 0e3 11abJ/IoHa, HAIPUMED, JIeJIOBbIE MHChMA.

JloKyMEeHTBI MOT'YyT ObITh OJIHOCTPAHUYHBIMU WJIM MHOMOCTpaHUIHbIMU. JIJjist
JKecTKIX (hopM 0opopMIIeHIE U CTATHIECKIE TEKCTHI KazK 10i U3 CTPAHUI] MHOTOCTPa-
HUYIHOTO JIOKYMEHTa He MeHsoTcsd. KaxK1yio cTpaHuily MHOTOCTPAHITTHON YKeCTKO
dopMBbI MOXKHO paccMaTpUBATh KaK OJHOCTPAHMIHBIN JIOKYMEHT. B apyrux kjiac-
cax JIOKYMEHTOB BO3MOXKEH IEPEHOC CTATUYCCKOTO TEKCTa U 3allOJTHEHHUS TEKCTa C
OJIHOI CTpaHUIbl Ha JIPYTYIO.

BosmorkHa Tak:ke KjaaccuUKaiyms TUIIOB JIOKYMEHTOB 110 UX IPUMEHEHUIO,
HAIpUMepD, PACCMATPUBAIOTCSA MIEHTUPUKAIIMOHHBIE JOKYMEHTDI, PErUCTPAITIOHHbIE
JIOKYMEHTBI, (PUHAHCOBbBIE U KPEJIUTHBIE JOKYMEHTHI, TJOTOBOPHbBIE JTOKYMEHTHI.

Kaxk OyJeT nmokasaHo Jiajiee B 9TOil riaBe, B 00/1acT! aHaIN3a U PACIIO3HABAHISA
JIOKYMEHTOB BCE €Ille CYIIECTBYIOT 3a/aui, KOTOPbIe HE PEIeHbl Ha JIOCTATOYHOM
YPOBHE, 4TOOBI 00ECIIEUYNTDh MOJHOCTHIO aBTOMATHYECKOe (PYHKIMOHIPOBAHUE IIPO-
1[eCcoB  Mpeobpas3oBaHusl JOKYMEHTOB. B 9acTHOCTH, TEXHOJOIMYECKHIT IIPOrpecc

U3MEHIJI aKIIEHT B CHCTEeMaX 3JIEKTPOHHOIO JIOKYMEHTOOO0OPOTa B CTOPOHY, HE IPe/I-
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CKa3aHHyI0 3apaHee: IMOCKOJbKY Hanmbojee paclpoCTPpAHEHHBIME W ITOBCEHEBHO
HCIIOJIL3YEMbIMU MTEPCOHABHBIMI BHIYUCIUTE/THLHBIMEI YCTPORCTBAME CTATIN MOOWThH-
Hble YCTPONCTBA ¢ ONTUYECKUMU KaMepaMu U JIOCTYIOM B HHTepHeT (cMapTQOHbI,
IJIAHITETHBIE KOMITBIOTEPBI U T.I1.), YBEJUUIUJICS CIIPOC HA TEXHOJIOTHU 3JICKTPOHHO-
ro JIOKyMEHTOOOOPOTa C MCIIOJb30BaHUEM TaKnUX ycTpoiicTB. HecmoTpst Ha TO 4TO
JIOKYMEHTBI Ha, OyMayKHBIX HOCUTENIAX UCIOJIL3YIOTCS MOYTH TaK:Ke IMHUPOKO, KaK U
paHbIlle, ele HeCKOJIBKO JIeT Ha3a i CTaHJapTHBIEC IJIaHIIeTHbIe CKaHephl CTaIl Me-
Hee pacrpocTpaHenbl u 6ojiee He BOCIPUHUMAIOTCH KaK 00A3aTeTbHBIN KOMIIOHEHT
JUtsd onnpPOBKU JIOKYMeHTOB. [lepexos oT ana/inza cKaHUPOBAHHBIX M300parKeHUit
JIOKYMEHTOB K aHaju3y gororpaduii Tpedyer pa3zpadOTKu U pa3BUTUS HOBBIX T10/I-
XOJIOB, YCTOWYMBBIX K HOBBIM YCJIOBHUSIM, TAKUM KaK IIPOEKTUBHBIE I'€OMETPUIECKIE
NCKayKeH!s WM HepaBHOMEpHOe ocBelleHne. TakmMm oOpa3oM, B TedeHnne HECKOJIb-
KUX MTOCJIEIHAX JIeT, 00/TacTh aHaIn3a U paclo3HaBaHus N300paryKeHnil TOKYMEHTOB
pacIupuiach 3ajadaMu 0oJiee IMUPOKOH 00J1aCTH KOMITBIOTEPHOI'O 3PEHUSI.

MTak, OCHOBHBIMU CIIOCOOAMU TOJydYeHUs N300parKeHus JOKYMEHTa SBJIsAeT-
cd cKaHupoBaHue u oTorpadupoBaHre, B TOM HYHCJE C TOMOIIbI0 MOOWIBHBIX
yeTpoiicTB. PU3NIECKN JIOKYMEHTBI O0BITHO SIBJISIIOTCST 00bEKTaMU ILJIOCKO IIPUPO-
JIbI, TTO3TOMY HanboJsiee TOIXOIAINM CITIOCOOOM UX PErUCTPAIIN YaCTO OKA3bIBAETCS
ckanupoBanue. /laxke B OOBIYHBIX CKaHaX JIOKYMEHTOB BO3MOYKHBI MCKAXKEHUsI, CBsI-
3aHHBIE C YIJIOM TTOBOPOTA, 3arPA3HEHNIMHI CKaHepa, OCBETJIeHNEM U 3aTeMHEHUEM,
pasMbiTHeM. /[0 cUX MOp BCTpEYaroTCsl CHJILHO 3alllyMJIEHHbIE KOluu crpaHuil. B
OTJIMYINE OT M300PayKeHNi, TOJIYUeHHBIX C TIOMOIIBIO CKAHEPOB, N300ParKeHus, OJIy-
YeHHbIe ¢ MOOUJILHON KaMepbl, MOTYT MMEeTh Da3JINIHble JUCTOPCHN (abeppariui),
COJIEPXKATh CUJIbHBIE MPOEKTUBHbIE MCKaxKenus. (OcoOeHHO YacTO STH TPYIHOCTH
BO3HHUKAIOT PH OIMIMPOBKE B HEKOHTPOJUPYEMBIX YCJIOBUAX cheMKu. IIpu jrobom
criocobe onudpPOBKU BO3MOXKEH JIePeKT TOTepr YacTH U300parkKeHHUs Ha TPaHUIe
KaJipa.

C momoIpio MOOMIBHBIX YCTPOHCTB MOXKHO IIOJIyIUTh HE TOJIHBKO H300parke-
Hue JIOKyMEHTa, HO U BUJIEONIOTOK B BHjie HaOOpa KaJpoB, CHAOKEHHBIX METKAMI
BpeMenn. Bu1eornoTok mo cpaBHEHNIO ¢ OTJIEIbHBIM H300parKeHeM COIEP:KUT CYIIle-
CTBEHHO OOJIbINNI 00beM WHMOPMAIIUKA O JOKYMEHTE.

YIIOMAHYThIE BO3MOXKHOCTU O(OPMJIEHUS COJIEPXKaHNs JIOKYMEHTa U OCOOEH-
HOCTU COBPEMEHHBIX YCTPONCTB OMUMPOBKH MPUBOJAT K OOJIBITIOMY Pa3HOOOPA3HIO
n300pakKeHnit JoKyMeHTOB. PazHooOpasue JJOKyMEHTOB He T03BOJIsIeT YTBEPK,/1aTh,

4YTO B HaCTOdAIIIee BpEMA pelIeHbl BCE 3a/la91 PaCIIO3HaBaHWI. AKTyaﬂbHOCTb nccJjie-
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JIOBaHUiT B 00JIaCTH paclio3HaBaHUs JOKYMEHTOB IOJITBEPKIAETCS 3HATUTETHHBIM
qUCJIOM paboT 10 JAHHOI TeMaTHKe, OIyOJIMKOBAHHBIX B TOCeIHee BpeMsi. MoxKHO
YIOMSIHYTh CJIeIYIOIIIe COPEBHOBAHUS U PO IIbHbIE KOH(DEPEHIINN, TOCBSIIIEeHHbIE
3aJ1a9aM, MOJEJIsIM 1 aJrOPUTMaM DPaCIIO3HABAHUS JTOKYMEHTOB:

— ICDAR — International Conference on Document Analysis and Recognition,
Mezx tyHapo/iHast KoH(epeHIus 110 aHAIN3Y U PacIiO3HABAHUIO JIOKYMEHTOB
(https://icdar2021.org, https://icdar2020.org, ...);

— ICPR — International Conference on Pattern Recognition, Me:x iynaponas
KOH(bepeHIIns 110 pacio3HaBaniio obpasos (https://icpr2020.net, ...);

— ICMV — International Conference on Machine Vision, Me:k 1ynapo/iHast KOH-
epentust Mo MarmmHHOMY 3pernio (http://icmv.org);

— ASPDAC - Asia and South Pacific Design Automation Conference,
Asmarckast 1 10KHO-TUXOOKEAHCKasi KOH(MEPEHINst 110 ITPOEKTUPOBAHIIO 1
aromarmsaruu (https://aspdac2022.github.io/index.html);

— ICIP — International Conference on Image Processing, Me:xxpyHnapoiHast
KoHdepenIus 1mo 0bpaboTke m3obpakenuit (http://2020.1ieeeicip.org,
http://2019.ieeeicip.org, ...);

— CCVPR - Conference on Computer Vision and Pattern Recognition, Kon-
bepeHInst Mo KOMIBIOTEPHOMY 3PEHIIO U paciio3HaBanmio obpa3os (http:
//Www .ccvpr.org).

Pactymuii maTepec K 00JacTi aHaIN3a U Paclo3HABAHUSA JOKYMEHTOB MOK-

HO HAOJIIOJIATh 10 POCTY NUTUPYEMOCTHU IyOJUKaINil TPOMUILHBIX KOH(MEPEHINit
(em. puc. 1.2).

Borarast ucropust nccjenoBannii B 00J1aCTH aBTOMATHYECKOTO aHAIN3a U
pacio3HaBaHus JIOKYMEHTOB OTpaKeHa B MHOXKeCTBe COOPHUKOB JIOKJIAJI0B MEXK/Iy-
HAPOJHBIX KoH(bepeHiuii, 0630pax [2—19| u kuurax [20—22|. Oxnako 6o0Jiee crapbie
myOJMKAIME HE OTParkaloT TEXHOJOTMYIECKOrO CJBUTA, IOCIEIHUX JECSITH JIET, B
paMKax KOTOPOI'O IOJIHBIN IIPOIece aHaM3a U PAClo3HaBaHUe JOKYMEHTOB Ha H300-
pPaskeHUsIX WM B BUJIEO CTAJ BO3MOXKEH HAIPAMYIO Ha aBTOHOMHBIX MOOUJIbHBIX
ycrpoiicTBax. Bosibioe KosimaecTBo myOnKaIuii B Te9eHne MoC/IeHIX HECKOJIbKNX
JIET YIeJISIOT BHUMAHHUE JIUINb OTAETbHBIM 3aadaM, TAaKUM KaK KJacCHpUKaAIUs
n300pazkeHnil JOKyMeHTOB [2|, u3Bjiedenune orpejiesieHHoil nadopmanun u3 cjaabo-
CTPYKTYPHUPOBAHHBIX JOKYMEHTOB [3] ¥ T. I1., WJIN PA3BUTHIO KOHKPETHBIX METOJIOB (B

OCHOBHOM, Ha, OCHOBE MammmHHOro obyuenus [14| win riaybokoro obydenns [18; 19]).


https://icdar2021.org
https://icdar2020.org
https://icpr2020.net
http://icmv.org
https://aspdac2022.github.io/index.html
http://2020.ieeeicip.org
http://2019.ieeeicip.org
http://www.ccvpr.org
http://www.ccvpr.org
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Pucynok 1.2 — Poct muTupyeMocTn myOJIMKAIi MeXK Iy HapoIHOM KOHMEPEHIUH 110

aHa/m3y u pacrnosnasaanio jokymenTos ICDAR [1].

Taxum oOpa3oM, B 00J1aCTH aHAJIN3a U paclio3HaBaHUs N300parKeHmil JOKYMeH-
TOB, HEKOTOPbIE JIABHO IIOCTaBJIEHHBIE 3aJIa4l OCTAIOTCsI HEPEIIeHHbIMU, IIPU 9TOM
BO3HUKAIOT HOBBIE IIPOOJIEMbI I HOBbIE YC/I0BUs. MeTomo/iorus aHaan3a JaHHbIX U
IIOCTPOEHHSI CHCTEeM Paclo3HaBaHUs TaK:yKe IIpeTepliesia 3HaYNTe/JbHOe M3MEHEHUe
3a IIOCJIeJHIE COPOK JIET, W METO/bl Ha OCHOBE MAINNHHOIO OOyUeHNs, IJIABHBIM
0bpa3oM OCHOBaHHBIE Ha HCKYCCTBEHHBIX HEHPOHHBIX CETHAX, ITOCTEIEeHHO 3aMeHs-
10T KJIaCCHYecKue ajropuTMbl. laHHas ryiaBa OyzieT MOCBsIEeHa 0030pYy OCHOBHBIX
3aJ1a4, CBSI3aHHBIX C aHAJN30M U Paclo3HaBaHUeM M300parkKeHuil JOKYMEHTOB U Me-

TOJOB HX PEIICHMA.

1.2 Metoapl nipesBapuTeJbHOI 00pabOTKN M300parKeHus JIOKYMEHTa

B coBpemennoit jmmreparype, KaK B KOHTEKCTE CHUCTeM 0OPabOTKU JIOKYMEH-
TOB, TaK U B JPYTUX 00JACTIAX MPUMEHEHUs] KOMIILIOTEPHOTO 3pPEHUs, JOCTATOUHO
OO0JIbINIOE BHIMAHUE YJIEIseTCS METo/IaM U MOJIXOJaM K IIpe/IBapUTe/bHOi 00paboT-
ke u3obparkenusd. OCHOBHOI TIeJIbIO TaKOMN IIPe/IBAPUTEIHLHON 00PabOTKN SIBJISICTCS
Cy’KeHme o0JIacTu Tocjeytoneii 00paboTKn 0 00JacTu N300parkKeHust, B KOTOPOM
HAXO/IUTCSI 11/1€BOIT 00HEKT, BKJIIOUAST [IPEIBAPUTE/IHHYIO FeOMETPIUIECKYI0 HOPpMAJIU-
3aIl1I0 3TOI 00/1acTU, pasje/eHne M300paKeHne Ha «00beKT» U «(POH» U OUUCTKA

«00bekTay (puibTpanus mryma, MUHIMEA3AINS UCKaxKeHuit u T.1.). Konmenryasib-
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Hasi CXeMa TAKOTO IMPOIECca, B JIOCTATOYHO 00IIeM BHJe, onucaHa B pabore (23] u
npejcrapjieHa Ha puc. 1.3. ABTOPBI ONPEIE/ISIIOT MPOIECC «OUUCTKIY N300ParKeHHs
KaK pasjie/ieHne m300perKeHns Ha «00beKT» U «POH», MojaBeHne myma Ha ¢poHe

1 yIydlieHne KadecTBa M300parkeHusi Ha O0beKTe.

Input Color/
Gray Image

Foreground

Enhancement Cleanup Process
and Background

cleaning

Foreground enhancement

Background

Region Foreground Textual Region

Identification Region Identification
Identification

Cleanup noise

from f p Identification
Background oregr_oun
region

Enhancetha Other Region

Background cleaning

cleaning

Cleaned up
color/gray Binary Image
image

Pucynok 1.3 — O6rmas cxema mpeiBapuTe/ibHOi 06paboTK n30bparkerust (Ha mpu-

Mepe 3319l aHamn3a JoKyMenTa) [23).

Cpe/i OCHOBHBIX 3a/1ad, KOTOPbIe BO3SHUKAIOT B KOHTEKCTE I1PEIBAPUTE/IHLHOMN
00pabOTKM ¥ YJIYUIIeHUsT U300parKeHus, CJaeayeT BBIICJIUTH U I0JpobHee PaccMOT-
peTh CJIe/IYIOIIIIe:

— BBIPpABHUBaHUE U HOpMaJu3aliust M300parkeHHusl 1eJIeBOrO JIOKYMEHTa Ha,

N300parKeHN;
— [BETOKOPPEKIHSI 1 YJIyUIlIeHle KaueCcTBa N300parkKeHusl;
— OuHapU3aIMsT M300ParKeHUsI;

— TEXHUKA «CYIEeP-pas3perieHms ».
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1.2.1 Hopmaau3sarus n300parKeHunii JOKyMeHTOB

3-3a 1ejioBeYECKOTO U TEXHUUIECKOIro (DaKTOPOB IIPH OIIMMPOBKE N300parke-
HUSI MOTYT COJIEPrKaTh NCKaXKEeHUsI. YCTpaHeHe NCKAYKeH I, 1IN yKe HOPMaJIn3aIlus,
SIBJISIETCS KJIACCUIecKoil 3aj1adeil B o01acTu 00paboTKN n300parkKeHuil JOKYMEHTOB.
YacTHBIM CJTydaeM TaKUX WCKAXKeHHUil SIBJISIeTCsl HAKJIOH (ITIOBODPOT) 3aperucTpi-
poBaHHOIO OOpas3a JoKyMeHTa. Koppeklins TaKoro HaKJIOHA CUUTAeTCs OJHUM U3
PJIABHBIX 9TAIMOB TIOJOTOBKE JIOKYMEHTa JJIsl ero jaJibHeiiiero anausa [24].

Ha panubIit MOMEHT paspaboTaHO MHOXKECTBO IIOJIXOJ0B K PEHICHUIO 3ajla-
9 OlpeJieIeHIs yIyla HaKJIOHA JOKYMEHTa JjIsi ero rocjeayiomnieii Koppekiuu. B
dbyumamenTanbhoit pabore 1996 roja [25] 6bLIO PACCMOTPEHO HECKOJIBKO JIECSITKOB
pasimaHbIX ajgroputmoB. C 0ojiee COBpeMEHHBIM 0030pOM aKTyaJIbHBIX METOJI0B
MOYKHO O3HAKOMUTBCsI, HampuMmep, B paborax [4].

[lepBast rpy1ina MeTo10B 6a3upyeTcst Ha aHaIN3e FTOPU30HTAILHBIX ITapaJlIe b
HBIX NPOEKINii m300pazkenns jgokyMenTa. s m3obpakenus [ pazmepom M X N
napaJiie/ibHasl TOPU3OHTAJIbHAST TPOEKITIS OIIPEJIEJISIeTCsT CJICLYOITIM COOTHOIIEHH-

i (j) = ZI(sz‘). (1.1)

Bajiaua onpejiesieHnsi HAKJIOHA [IPU 9TOM CBOJIUTCS K TOC/IEI0OBATEILHOMY 110~
BOPOTY MCXOJIHOI'O N300pazKeHust Ha MPeJIoIpeieJIeHHOe MHOYKECTBO YIVIOB U BHIOOPY
nydrreit mpoexkinn. O4UeBuUIHO, UTO JIJI BO3MOYKHOCTH PAHXKIPOBAHUST 10Ty I€HHBIX
HPOEKITNIT JI0JI?KeH ObITh 3a/1aH HEKOTOPBI Kputepuit f (7’[) VToJ1 @, Ha KOTOPOM J10-
cruraeTcs Ta00aibHbI 9KeTpeMyM f(7T), BeIOMpaeTcs B KadecTse pesyJibrara. 1lpn
9TOM B KaudecTBe KPHUTEPHUsl 3a9aCTYIO HCIOJIb3yeTCsd CyMMa KBaJIpaToOB 3HAUYEHUIl

9JIEMEHTOB IIPOEKI NN, T.C.

f() =) (). (1.2)

Bropag rpymma MeTo/I0B OUpaeTcs Ha BhIYUC/IeHe mpeodpazoBanns Xada oT
n3obpaxkenust jgokymenta. CyTh JJAHHOTO MPeoOpa30BaHUs 3aK/II0YAETCS B MOJICUe-
Te YNCIa MHUKCEesIeil BJ0JIb BCEBO3MOYKHBIX IMPSIMBIX, ITPOXOJIANINX Yepe3 MCXO/IHOe
n3obpazkerue. Jljist 3aaHns MPSMBIX OOBIYHO HCIOJIB3YeTCsT HOpMaJibHast (OT CJI0-

Ba «HOpMaJib») mapamerpusaiust (p, @). Ilpn takoMm BeIGOpE 3ajada CBOIUTCS K



23

IIOUCKY B aKKyMYJIITOPHOM IIPOCTPAHCTBE CTPOKH, COOTBETCTBYIOIIEH MPSIMBIM Ha-
IpaBJeHns @, Ha KOTOPOH MaKCUMHU3UPYyeTCs HeKOTOPBIN 3aJaHHblil KpuTepuii. B
KadecTBe TAKOTO KPUTEPHs OOBITHO TpeIaraeTcs NCIob30BaTh CYMMY KBaJIpaTOB
npousBojiHoil 3Hadenunit Xad-obpaza [24]. OcHoBHO# 1pobieMoil JTaHHON TPYIIIbI
METOJIOB SIBJISIETCSI BBICOKAsI BHIYUCIUTEIbHAST CJI0KHOCTD. [lJIst 1ipeojiosiennsi 3Toro
HejlocTaTKa B pabore [26] ObLI0 11pe/iiozKeHo Jijisi BhiauceHunst Xad-obpasa MCcio/ib-
30BaTh aJrOPUTM OBICTPOTO JIMCKPETHOIO TpeobpaszoBanus Pajiona, 9To 1M03BOJINIIO
CHUBUTB BBIYUCIUTENBHOI ciozknocTh ¢ ©(n?) 1o ©(n?logn).

Tperbs Tpyla MeToJ0B Oa3upyercs Ha aHaJIU3e KOMIOHEHT CBA3HOCTH. VX
ujiest COCTOUT B TOM, YTOOBI IMPOBECTH KJIACTEPU3AIMIO BbIJICJEHHBIX KOMIIOHEHT 1
BBISIBUTD JIMHEHHbBIE KJIACTEPhI, COOTBETCTBYIOIINE CTPOKaM JIoKyMeHTa. [locse onpe-
JIeJIeHUST HaKJIOHA B KaxKJOM U3 HailJIEHHBIX KJACTEPOB BHIOMPAETCs €IMHCTBEHHBII
“ycpeTHEeHHBI HAKJIOH.

YerepTas rpyIna MeToJ0B Oa3upyeTcs Ha pe3yabrare paboThl aJroOpuTMOB
CerMeHTallun n300pazkKeHus JOKyMeHTa. BHavaje Ha HeM BBIICTIAIOTCA Pa3InIHbIC
HPUMUTHBBI, TAKNE KaK CTPOKH TEKCTa, 3JIEMEHTHI pa3rpadKu, OT/Ie/IbHbIE CUMBOJIBI.
[Tocsie yero mMpom3BOIUTCs OlEHKA YIJIa HAKJIOHA KayKJ0#f M3 IOJyYEeHHBIX KOMIIO-
HEHT U BBIYUCJ/IAETCST UTOTOBBIN YyroJI HAKJIOHA.

K ngroit rpymme MOYKHO OTHECTH METOJbI, B OCHOBE KOTOPBIX JIEXKUT NCIIOJIb-
30BaHNE WCKYCCTBEHHBIX HEMPOHHBIX ceTell. 37ech MHTEPECHO OTMETUTH TOJIXOJ,
npeJIozKeHHbIit B pabore [27]. B Heit 3amada onpejesieHusi yria HAKJIOHA DPac-
cMaTpuBaeTcd Kak 3ajada Kiaccuduxanun ¢ 360 KaaccaMy, KaxKJIblii U3 KOTOPBIX
COOTBETCTBYET OIIPEJICIEHHOMY YIJIy.

[Ipn HamMUUM cTOJIL GOJIBLIIOTO paszHOOOpa3us METOJOB €CTECTBEHHBIM 00pa-
30M BO3HMKAET BOIIPOC O TOM, KaKoil MX HUX cTOUT BbiOpaTh. C 3T0ii nesibio B 2013
rojy OBLT OPraHu30BaH CIeNUaIbHBIN KOHKYPC, TTOJHOCTBIO MOCBSIIEHHbII TTpodIeMe
JEeTeKINN yIJia HaKJIOHA JoKyMeHTa [28]. B ero pamkax ObLT MOATNOTOBIEH MACCUB
JIAHHBIX, MOJICJIMPYIONIUIl OCHOBHBIE ITPOOJIEMbI, BCTPEUAIOIINECS IIPU OIPe/Ie/ICHIN
yIJla HaKJIOHa JoKyMeHTa. JIjIs1 Bcex m300parkeHuit BpyIHYIO 9KCIIepTaMu ObLI yKa-
3aH OXKHUJIAEMbIIl OTBET JeTEeKTOpa yria. Bblin mpejioyKeHbl KPUTEPUN JJIsT OIeHKH
MeTo10B. [lo pesynrbraram KoHKypca JIydlie Beero ceds mpogeMOHCTPUPOBAT METOT,
Oas3upyromuiicst Ha MCIOIb30BAHNN ITpeodpazoBanmd Pypbe ¢ MpeiBapuTe/IbHOI Mpe-
7006pabOTKOf M300pazkKeHns CrennajabHoro Buja [29)].

Omnpejiesienre yria HAKJIOHA JIJIsl TIOCJIE/YIONIell HopMaJIm3alun TpedyeTcst He

TOJILKO JIJIsl KOPPEKIINN Bcero jlokyMenTa. [Ipn obpaboTke n3odparkeHuit JTOKyMeH-
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TOB Tpebyercst IMPOBOJNTHL paclio3HaBaHWe X 00pPa30B CJIOB TEKCTa C IMOMOIIHIO
mojysteit OCR. Hopmasnuzaliust o6pa3oB CJI0B TEKCTa YIydIIaeT TOYHOCTb PAOOTHI
OCR.

HeobxoinMo oTMETUTH, 9TO 38/1a91 HOPMAJIM3AIIE JIJIsI IeUATHBIX 1 PYKOIIUC-
HBIX aTpUOYTOB CYIIECTBEHHO pas3/nyaioTcsd. B mepBoM ciydae pedb HIET O HOUCKe
eIMHCTBEHHOT'O JIOMUHUPYIONIEro HallpaBjieHusi Ha BeceM ¢parmente. Hakion obpa-
30B CJIOB PYKOIIMCHOTO TEKCTa MOXKET BapbUPOBATHCS B PaMKax (pparMeHTa CJIOBa,
YTO MPUBOJUT K TOpa3/io DoJiee CJIOXKHBIM cxeMaM obpaboTku (gpparmenToB. [Ipume-
PbI TAKUX CXEM, OIUPAIONINXCS Ha MPUHIUIBI JUHAMUYECKOrO IPOrPaMMUPOBAHMSI,

npuBejieHbl B paborax [30].

1.2.2 lIBeToKOppeKIlusda U yJdydlieHne KadecTBa M300parKeHust

[Tom mBeTOKOppeKkIneil m300parkeHrWsl TMOHUMAIOT 3aMeHy WIN W3MEHEHWe
OIpeJIeJIEHHBIX TTapaMETPOB IIBETOBON MaJUTPbl M300parkKeHusi — TOHOB, UX HACDI-
IIIEHHOCTHU, OTTEHKOB, C IeJIbI0 YBEJIUUCHUST KOHTPACTHOCTH, OCBETJICHUs, YyOupaHus
apdeKrTa «JIBIMKI», U B HEJIOM JIJIs YJIyUIIeHns n300pazkKeHust st BOCIPUSITHS e~
JIOBEKOM WJI aBTOMAaTHUYECKOI CUCTEeMOIl aHaJJIn3a.
CyIecTByeT MHOYKECTBO IMOJIXOJ0B, HAITPABJIEHHBIX Ha KOPPEKINIO 1TBETOBO
naJuTpbl n3o0paxkenuit. CymiecTByIONne MOX0/Ibl MOXKHO YCJIOBHO Pa3/IeUTh Ha,
JIBE OCHOBHBIE T'PYIIIIbI:
1. «KOMIIO3UIMOHHBIE» TIOJXO0/IbI, IIPU KOTOPHIX BBIXOIHOE N300parKeHne co3jia-
eTcs IIyTeM IPUMEHEHUsT HeCKOJIbKIX 3apaHee Ollpe/Ie/IeHHbIX Tpeodpas3oBa-
HUil, TapaMeTpbl KOTOPBIX JUOO0 33 aHbl, JTHOO MPEeICKA3LIBAIOTCS TeM WJIN
UHBIM METOJIOM;

2. «CKBO3HBIE» TOJIXOJIbI, IPU KOTOPBIX BBIXOJIHOE M300parKeHne reHepupyeTcs
TeM UJIM UHBIM aJITOPUTMOM (K IPUMEpY, CIeNNalbHOi HelPOHHOI ceThio),
KOTOPBIil MMOJIydaeT UCXO/IHOE N300parkeHe Ha BXO/I.

OJiuH U3 1OJX0/J0B, KOTOPBII MOXKHO OTHECTH TpyIIle KOMIIO3UIINOHHBIX,
npejictaBieH B pabore [31] u BrIOUaeT B cebsl MpUMEHEHHE Pa3IndHBbIX METO0B
peTyumpoBaHusi K BXOJHOMY wm300parkeHnto. OH BK/IOYaeT B cedsi HMCIOJIb30Ba-
HUE METOJIa, OCHOBAHHOTO Ha IVTYOOKOM OOYUYEHUH C MOJKPEIICHIEeM, 9TOObI HalTH

ONTUMAJILHYIO MOCJIEIOBATEILHOCTD TJIO0AJILHBIX ITPeobpa3oBaHUil N300pazkKeHus.
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[TpencraBiennoe pemnieHne, OJIHAKO, TPEOYeT 3HAUUTEbHBIX BBIYHC/INTEIbHBIX pPe-
CYPCOB, MOCKOJIbKY OHO OCHOBaHO Ha 1iyboKoii Heiipocereroii momenn VGG-16 [32] ¢
HOC/IE Ty TOITIel OIEHKOI IUCTOrpaMM MPU3HAKOB JIJIsi OIICHKH ITapaMeTPOB CTPATETI N
YJIyUIIeHsT T300parKeHmsl.

AnajiorndaHbIil MOJX0/] HA OCHOBE (DUJILTPOB MpejcTaBieH B pabore [33] u
HCIOJIb3YeT MHTepIpeTupyeMble peobpasoBanns n3obpazkenuii (B pabore Takke
IPEJICTABJICH TOIPOOHBIN 0030p BO3MOYKHBIX MHTEPIIPETUPYEMBIX TPE0OPA30BAHIIA).
Peamzarms, npemiaraeMas B paboTe, TaK»Ke HCIOIb3YeT TAKEIOBECHYIO BBIUNCIIH-
TEJIbHYIO MOJIe/Ih, CKJIOHHA K HEECTECTBEHHBIM UCKAYKEHUSM IIBETOB U 00ECIIEUNBAIOT
HU3KYIO CKOPOCTH BBIBOJIA (IO KpaiiHeil Mepe, 6e3 JOMOJHUTEbHBIX BBITHC AT b-
HBIX ONTHMUI3AIII).

B pabote [34| npencrasien meros yuydienns n300pakenuit, OCHOBaAHHBII Ha
CIIENNAJIBHO Pa3pabOTAHHBIX «CAMOMHTEPIIPETUPYEMbBIX» (DUIBTPAX, MO METOJI0JI0-
'K C yueToM MHeHUiT skcrepToB. [Ipeiaraemast Mojiestb 0bJiaaeT yeToInBOCTbIO
K MCKayKEeHUsIM, BOBHUKAIOIINM U3-38 CYO'bEKTUBU3MA SKCIIEPTOB, OJHAKO B UMC/IEH-
HBIX 9KCIIEPUMEHTaX METO]l IoKas3aJs 0ojiee HU3KME PE3yJibTaTbhl, YeM aJibTepPHATHB-
HbIe CBO3HBIE HeifpoceTeBble TOX0/Ib! (K MpuMepy, Takie kak Meton Pix2Pix [35]).

Hpyroit moaxo/1 ocHOBaH Ha KOMOMHUPOBAHHOI apXUTEKType, KOTopasi pasje-
JIIeT MPOTIeCe YJIydIleHlsI Ha yTOYHEHKe 110 KaHajgaM u 1o mukcessim [36]. B arom
PEIeHIH UCIOJIb3YeTCsi OCTATOTHAST MOJIEJIb OIOPHOiT ceTn [37] B KauecTBe MojIcucTe-
MBI U3BJIEUEHUST IPU3HAKOB, HEJIOKAJIbHBIH OJI0K BHEUMaHUsT [38] j1/1s1 moceytoreit
arperamuu wHGOPMAINN U aHAJM3a IIPU3HAKOB U IVI00AJBLHOTO JIMHEITHOro 0T00-
pakeHus Jijist (DUHAJIBLHOTO YJIYUIICHUsT XapaKTEePUCTHK BU3YaJbHOTO BOCIHPHUSATHS
m3o0pazkenust. [Toxoxkuit mogxo/ Takzke TpeJioyker B pabore [39], riae ucmoib3yer-
csl TapaMeTpPU30BaHHOe IIpeodpa3oBaHue IBeTa Ha N300parKeHnN.

OjtHoit 13 1epeIoBbIX paboT B 00JIacTH KOMOMHUPOBAHHBIX MOJIE/Iel YTy diie-
Hust n306paxkenusi sipjiercsi pabora Taranoa n Camapuna [40], B KOTOPOit aBTOpLI
HCIIOJIB3YIOT HECKOJIbKO M3BECTHBIX (DUJIBTPOB 1 JIOOMBAIOTCS Y/IYUIIEHHUsT C HOMO-
IbIO JIONOJHUTE/IbHO peryisapusanun. [Ipuniunmaabas cxema paboThbl JJAHHOTO
MoJIXoJa IIpejicTaBieHa Ha puc. 1.4.

Kacaemo rpyIibl CKBO3HBIX IT0/IX0/I0B, HanboJjee MIMPOKO M3BECTHBIMU COBpE-
MEHHBIMU METOJIAME SIBJISIIOTCS T€, KOTOPbIe OCHOBAHHbLIE Ha I'€HEpaTHBHO-COCTSI3a-
TeJibHbIX HeliporHbix cersix (Generative Adversarial Networks, GAN) [41], cpemau
KOTOPBIX CTOUT BBIJIEJIUTH HECKOJIBKO XOPOIIO 3apEKOMEHJIOBABIINX €e0si MeTO-

noB, Taknx kak Deep photo enhancer [42] u Pix2Pix [35|. Hemocrarkom takmx
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Pucynok 1.4 — Ilpunnumuibaas cxema paboThl KOMIIO3UIIMOHHOTO TOIX0Aa K YTy -

mennto nzobpaxkenns LFIEF [40].

METOJIOB SIBJISIETCSI UX IMMOJIBEPKEHHOCTH apredakTaM. Tak, MeTo/I, ONUCAHHbBIN B pa-
oore [42] uctiospzyer ynyurienne GAN ¢ ucnosib3oBatemM MeTpuky Baccepiireiina
1 aJalITUBHYIO CXeMY B3BEIINBAaHUS, OJIHAKO KOHKYPEHTHOCIIOCOOHBIX Pe3y/IbTaToOB
na #aoope jgaHabix MIT Adobe FiveK, ma xoropom mpoBoamImch mcc/ieI0BaHUsI,
9TOT METOJ, He JIeMOHCTPHUPYET.

Cpen apyrux meTojioB, ocHOBaHHbIX Ha GAN, ciegyer BBIICTUTH METO]
EnhanceGAN [43|, 6arogapsi ero KOHKYpPEHTHOCIIOCOOHBIM KOJIMYECTBEHHBIM DPe-
3yJbTaTaM 110 YJIyYIIeHHio I[BeTa (110 OTHOIIEHUI0 K 3KciepTHoil orenke). K
COYKAJIEHUIO, TIPEJI/IOZKEHHAsT aBTOPAME MO/JIE/Ib JOCTATOUHO TsI?KeJI0BECHA, ITO Jieja-
eT HCIIOJIb30BaHNe JTAHHOI apXUTEeKTYPbl Ha MOOMJIBHBIX YCTPOHCTBAX IMPAKTUIECKI
HEBO3MOXKHBIM. lerasm ycrpoiicrBa apxutekTypbl EnhanceGAN mpeacrapiensr Ha
puc. 1.5, Ha KOTOPOM IPOIEMOHCTPUPOBAH IOIXOJ IO OIEHKE PasHUIbl n300parke-
HUil 710 U 11ocjie 00pabOTKU ITyTeM IIPUMEHEHUs JIOTIOJHUTE/ILHBIX Ollepaliuil, Taknux
Kak oOpe3Ka 1 aHaju3 OT/E/IbHBIX I[BETOBBIX KAHAJIOB.

[ToMuMO KOPPEKIH I[BETOBBIX XapaKTEPUCTUK N300parkeHms BayKHOM 3ajia-
qeil sIBJIsIeTCst MeTOJbl OUNCTKU (poHa (TI0/aB/IeHNe IyMa, yaJeHne TeHeil u T.11.)
JUIsT yIIydIlieHne KadecTBa n300pakeHuit n1okyMeHTOB. Tak, aBTopbl paboThl [44]
[PEJIII0JIAratoT, YTO MOCTOSHHBIN 1IBET (hOHA CO3/IAeT «KapTy TeHeil», KoTopas COIo-
CTaBJIsIET JIOKAJbHbBIE 1IBETOBbIE XapaKTEPUCTUKH (POHA C HEKOTOPBHIM IJI0OATbHBIM
cpeganM. [Togo0HBIM 00pa30M IPOBOIUTCS COBMECTHBIH aHaIN3 JIOKAJIbHBIX U IJIO-
OaJIbHBIX XapaKTEPUCTUK N300parKeHns JIOKyMeHTa B paborax [45; 46]. B padore [47]

IpEeJIJIOYKEH OPUIMHAJIBHBIN METOJ KOPPEKIIMU OCBENIEHHOCTH JJIsi M300parKeHui
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Pucynok 1.5 — [punnnnuanbrast cxema paborsl apxurekTypbl EnhanceGAN [43].

JIOKYMEHTa, BJIOXHOBJIEHHBIN TOIOJIOIMYECKUMI ITOBEPXHOCTSIMHE, 3aII0/IHEHHBIMUI BO-
noii. B pabore [48] npejyioxkeH MoOJXoj K Y/IyUIIEHUIO M300paykeHHsl JOKYMEHTaA
IyTeM IpeCTaB/IeHIs BXOIHOTO M300parkKeH!sl B BHE TPEXMEPHOI'O 00JIaKa TOUYEK.
Taxyke Oblia mpeioKeHa ryybokas HefipoceTeBast apxuTeKTypa [49] s onenku
obrero 1Bera (oHa JOKYMEHTa U «KapThl BHUMAHUSI», KOTOPasI BHIUUC/ISIET OIIEHKY
BEPOSITHOCTH TOTO, UTO THKCETh HPUHAIIEKUT GecreneBomy (ory. B pabore [50]
IpeJIaraeTcst MeTo ] KOPPEKIUU OCBEIeHHOCTH U UCIIPAB/ICHUs N300PaskeHusl JOKY-
MEHTa C HCIOJIb30BaHUEM HEfpOHHEN ceTn THIla, «KOIUPOBIIUK-IEKOINPOBIINKY Ha,
OCHOBE JIOKAJIbHBIX PErrMOHOB M300parKeHusI.

B pabore [51] npeJjiyiaraeTcst rjyooil ¢cBepTOYHbBIN aBTOMATUIECKU KOJIUPOB-
UK HA OCHOBE TEXHHUKU IIPOIIYCKa CBA3€H B HEMPOHHBIX CETSIX, IIPeIcKa3bIBAIOIIil
n300pakeHne IIyMa Ha JOKYMEHTa, KOTOPBI MOKHO yOpaTh IIPOCTBHIM ITOIUKCE b
HbIM BblYUTaHueM. B pabore [52| mpejjiaraercss cKBO3HAs CTPYKTYpa YJIydIleHUsT
JIOKYMEHTOB C HCIIOJIb30BAHHEM YCJIOBHBIX TI'€HEPaTHBHO-COCTSI3ATE/ILHBIX —CeTeil
(Conditional Generative Adversarial Networks, cGAN), rye mjis rerepaTopHoii cetn
HCTIOIb3yeTCcd apXuTekTypa Ha ocHoBe U-Net.

Ocoboro BHUMAHM 3aC/Ty>KUBAIOT METO/IbI, OCHOBAHHbBIE Ha MOJIEJISIX ¢ HEDOTb-
UM 9UCJIOM TapaMerpoB. B pabGore [53| mpemioxkeHo objierdeHsoe perieHne Ha

OCHOBE (DUJIBTPOB, yUNTHIBAIOIIEE JIOKAJIbHbIE OCOOEHHOCTH M300pakKeHuil, B padbo-
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Te [54] Takke npejcTaBIeHa OOJerdeHHAs MOJENb, OCHOBAHHASI Ha OIEHKE Kak

I‘JIO68J.HI)HI)IX7 TaK 1 JIOKAJIbHBIX XapPaKTEPUCTUK 1/1306pa>KeH1/15{.

1.2.3 Dbunapmuzaius n3od6pakeHnii JJOKyMeHTOB

Baxknoit cxeMoit 09nCTKE N300paskKeHus, 4acTo IPUMEHsIeMOil B cucTeMax aHa-
JIN3a 1 paclio3HaBaHUs JOKYMEHTa, sIBJIgeTcsd OMHapu3alus — pa3aeaeHne nuKce e
300pazkeHust Ha [TKCEJH [epejIHero miana (Kak MPaBUIIo, IOMEYAIONIIecs YepHBIM
[IBETOM ¥ BKJIIOYAIOIINE BECH TEKCT, MPUCYTCTBYIONINIT Ha JOKYMEHTE) U MTHKCEIN
dbona (kak mpaBmiio, moMedarorucst oebiM 1BeToM) [55]. Tlpu npaBubHOll GuHa-
pUBAIIN TTUKCEJN TIePEHEro IJIaHa COXPaHSIOTCA, a (DOH JeIaeTCsd OJTHOPOIHBIM.
Taxast Kinaccuukalymu MUKceseil 1M03BoJIgeT CYIIeCTBEHHO YMEHBIINTh 00beM IIa-
MSATH JIJIsT XPaHeHHsI M300PazKeHusl, a TaK»Ke YIIPOIIaeT BCe IOCJIeIYIOIIe dTallbl
pacIo3HaBAHUSI.

Mero bl OuHapU3aIIE MOTYT OBITH CIPYIIINPOBAHDI 110 IPUHIINITY IIOCTPOEHNUST
oporoBoit moepxuoctu. [loporosoii moepxuocThbio 1'(x,y) HA3BIBAETCSI ABYMEpHAs
QyHKIMS, 3a/IlaHHas Ha 00JIACTHU OIPeJIe/ICHIST HCXOIHOTO N300parKeHus I, B Kark10M
y3J1e KOTOPOi COMEP:KHUTCsI 3HAUYEHUE II0pora OMHAPU3ALUN JJIsi COOTBETCTBYIOIIE-
ro MUKCeJIsi NCXOMHOro n3odparkenusi. Cama ke Iporeaypa IMOCTPOeHusI OMHAPHOTO
obpa3a TakuM 00pa30M CBOJIUTCS K HNPUMEHEHHUIO CJIeYIOIIero IIpoCToro IpaBua;
B(zy) = [I(zy) > T(zy)].

[Ipocreiimeii rpymnmoil METOJ/IOB sIBISIOTCS TaK Ha3blBacMble TJIOOAJIbHBIE Me-
TO/bI OMHAPU3AIMI, B KOTOPOIi 1TOPOroBasi IIOBEPXHOCTH 1’ SIBJII€TCs OJIMHAKOBOI B
KaxKJ10#1 cBoeil Touke. Takne aJropuTMbl XapaKTepu3yIoTCad OUYeHb BBLICOKON ITPOU3-
BOJUTEJIbHOCTBIO, HO IIPK 3TOM SIBJISIIOTCA KpaiiHe 1yBCTBUTE/IbHBIMU K COJIEPIKAHITIO
obpaza uzobparkenud. Hambosibiiee pacipocTpaHeHHe B 9TOH T'PyIIe MeTOJIOB
nostyunst Metos Oy, npejjiokenubiii eme B 1979 rouy [56]. Meroys Oty ompejie-
JIsleT MOPOroBOE 3HAYEHHUE 110 THUCTOTPaMME APKOCTH M300parKeHus, MUHUMU3UPY I
B3BEIIIEHHYIO BHYTPHUKJIACCOBYIO JIMCIEPCHiO. [J100a/bHbIe METOJbl HEe CIIOCOOHBI
CIPAaBJISITHCSI C HEPABHOMEPHO OCBEIIEHHBIMU JIOKYMEHTaMU, BHIOPOCOBBIMU 1Ty MaMU
U APYTUMUI HCKayKeHUsIMI, ObLIIN [IPEeJIJIOYKEHBI MOAepHU3aN MeTo10B. [IpuMmenenne
crenuaJibHoil 00paboTKM M300parkeHnd J0 IJ100aIbHONI OMHAPU3AINN MOXKET CYIIe-

CTBEHHO yJIYUIIUTH pe3y/abTat. OJIHOI U3 HOIYISIPHBIX TEXHUK TAKOi 1pe100paboTKM
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SIBJISIETCsI OlleHIBaHIe U HopMaJin3alyst pora nzobpaxkenus [57|. [Tockosbky orenka
TAKUX MOPOr0B MOYKET ObITH 3aTpyHEHA /I UCIIOPUYEHHBIX N300paykKeHuil JTOKyMeH-
TOB, CyIIeCTByeT ajantusHoe obobiienne meroga Oty [58] mist Gostee yeroitunpoii
OMHAPU3AIIN.

B rpymme ajaroputMoB JoKasbHON (M aganTuBHO) Ounapusaium [59| 3Ha-
YeHHUsl [IOPOT'OBOIl IIOBEPXHOCTHU 3aBUCSIT HE TOJIBKO OT APKOCTHOI'O 3HAYEHUsI CAMOT'O
IIIKCeJIA, HO ¥ OT 3HAUYEHUIT ero cocejieil B HeKOTOPOil 3aJaHHoil oKpecTHOCTH. Takne
AJICOPUTMBI 3HAUNTEIHLHO O0JIee YCTONYNBBI U K YCJIOBUSAM OIMMMPOBKN 0Opasa, 1 K
HAJIMIUIO IIIyMa Ha oJiydeHHOM n300paxkenun. C npyroii ¢TOPOHBI, JIOKAJIbHBIE Me-
TOJBI TPEOOBATEIbHBI K IOJIXOSIIEMY BBIOOPY UX HACTPOCUYHBIX MAPaMETPOB, a caM
110/I00p ATUX 3HAUYEHHUI ITapaMeTpPOB sIBJISIETCsS HeTpUBUAJIbHON 3ajadeil. [TosTomy
IpeJlIaraloTcs JJIOKaJbHbIe METOJIbl ¢ aBTOMATUYIECKN OIPee/IsieMbIMI 3HAYEHUSIMU
mapaMeTpoB, B TOM YHCJIe — ¢ HCIOoJIb30BanneM 0000menust kputepus Orcy [60]. B
pabore [61] Caysouia n [IneTukaitHen 1mpeIoyKMIn JIOKAJIbHBIN aIalTHBHBIA MeTO/I
IIOPOToBOit 00paboOTKN 15T 3a1a4u OnHapu3amn n3oodpazkenus. Aaroputy CayBoJIb
BBIUHCJISET JIOKAJIbHBII TIOPOT JIJIs KazKJI0ro IMIKCeJIsd, YTO IT03BOJISIET €My YIydllaTh
n300parkKeHsI ¢ OIPeJIeJIEHHBIMI TUIIAMK YXY/IIEeHNs] KadecTBa, HO HECIIOCOOHBIMU
XOpOIIIO paboTaTh B YCJAOBUSX HU3KONH KOHTPACTHOCTH. UTOOBI YJIyUIINTH padboTy
ajnroputMa CayBoJibl B YCJIOBHUSAX HU3KOH KOHTPACTHOCTHU, CYIIECTBYIOT TaKXKe ero
muoromacinrabusie (multi-scale) 0606mmenns [62]. HInpoko nemoab3yeMbiM METOIOM,
TaKzKe OCHOBAHHBIM Ha OKOHHBIX CTATHUCTHKAX, siBjsieTcst MeTosi Hubsaka [63).

Kiraccuueckne MeTojibl OMHApU3alnl 00J1a/1al0T BBICOKOM PON3BOAUTEIHBHO-
CTBHIO, HO JAI0T CTaOUJILHO BHICOKYIO TOUHOCTH HE BO BCeX IPUIozKeHnsaX. [[ocKoIbKy
OHM HCIIOJIb3YIOT MHGOPMAIINI0, OCHOBAHHYIO HA MHTEHCUBHOCTH ITMKCEJIel, JIJIsi Bbl-
MOJTHEHUS JIOKAJTBHOT'O WM TJIOOAJTHHOIO IMOPOTOBOIO OTCEUEHUs JIJIA MOy deHnsT
OMHAPHOTO M300parkKeHUsl, U 3a9aCTYI0 OKa3bIBAIOTCS MaI03(MD(MEKTUBHBIMU B CIydae
13006parKeHnil JIOKYMEHTOB, ¢ HEOIHOPOIHBIM WK 3amtyMaeHHbIM dhonoM [64]. s
yBEJIMYEHUsI TOYHOCTH B HEKOTOPBIX padoTax IpejjiaraeTcs NCI0JIb30BaTh HECKOIb-
KO pa3JInIHbIX Pe3yJIbTaToB OMHAPU3AIUN U YK€ Ha UX OCHOBE IPUHUMATH UTOI'OBOE
perenne o KjaccuuKalun KaKa0ro U3 MUKceseid, Ho 3To gBHbII najummarus. He
VJIMBUTEIBHO, 9TO CAMOI MOIYJIAPHON B JJAHHBI MOMEHT I'PYIIIIa METOI0B OCHOBbIBa~
eTcs Ha MOTMUKCETHHON KaacCu(UKaAIMI ¢ UCIOJTb30BAaHUEM MeTOJI0JI0TNN 00y IeHN st
MaIH. B ocHOBHOM peub 3j1ech UJIeT 00 UCKYCCTBEHHBIX HEHPOHHBIX CETIX pa3/Iny-
HOI apxuTekTyphl [65; 66]. Takne aaropuTMmbl 06eCIEUNBAIOT BBICOKYIO TOYHOCTD

OMHapU3aluy B Psjie ClieHapueB, Jallle Bcero, He TpeOYIOT HUKAKUX IIPeBapuTeIb-
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HOIT 00pPabOTKN M300parkeHust JOKYMEHTa, HO IPU ITOM SBJISIIOTCA BBIUYUC/IUTEIbHO
CJIOYKHBIMH.

Cy1iecTBYIOT TaKzKe psiji aJIbTePHATHBHBIX METOJI0B, TAKUKX KaK MeTOJI, OI-
canublii B [67], KoTOpBIil mpejioaraeT pacdeT U KCIOJL30BAHIE OPUEHTAIUN
TEKCTOBOTO MITpuxa Ha ocHoBe (uibrpa [abopa. B pabore |68| mperaraercs ObIcT-
phIil MeToJ1 OMHApU3alun JIOKYMEHTOB Ha OCHOBE HEUETKOI KJIacTepu3alliil MeTO/I0M
K-cpeanux. B aTom mojxojie nukcean m300pazkeHusi IPYHIUPYIOTCS B TPU KJIacca:
TEKCTOBbBIE ITHKCEJH, (DOHOBBIE IUKCEJINM U COMHUTE/bHbIE NMUKCEIN. 3aTeM COMHU-
TeJIbHBIE ITUKCEIN JIOIOJHIUTE/IHHO KIaCCU(PUIUPYIOTCA Ha TEKCTOBbIE U (POHOBbLIE
Ha OCHOBE CTPYKTYpHOI cummerpun. B pabore [69] npejiaraercs mero, mpeod-
pasylonuit BxojiHoe m300parkeHne B MaTpuily 1ojgobusi bxarradapbu, 3arem s
IOy YeHHsT OMHAPHOI'O M300pasKeHusl NCII0Ib3YeTCsl KJIacCuprKaTop MaKCUMaJIbHO
SHTPOIINU.

Beibop mnozaxojisiiiero Meroja OMHApU3aIUU B HBIHEIIHUX YCJIOBUSAX SIBJISI€T-
csl HeTPUBHAJILHOMN 3aja4eil. [lyisi oTcieKuBanust ycrexoB B 00J1acTH OMHAPUBAIIIN
JOKYMeHTOB Obljta 3amyiiena miardopma DIB [70]. B ee pamkax mpoBojuTest
KOHCOJIMIAIISI BCeX NMEIOIUXCs 3HAHU 1 apTedakToB B 00/1acTi OMHAPU3AIUN J[0-
KymeHToB. Ha miardopme npejcrasiens! gatacetsl, Takie kak DIBCO (Document
Image Binarization Contest), Nabuko, LiveMemory, cunrerndeckue jganuble u
MHoOrue jpyrue. B pamMkax jaHHO# 11/1aT(OPMbI TaKKe CTAIN IPOBOAUTHCS COOTBET-
CTBYIOIINE KOHKYPCHI, OTJNINTEHHON 0COOEHHOCTHIO KOTOPBIX CTaJl yUeT BPEMEHU
paboTHhI IIpejIaraeMbixX perrennii. Tak, B TedeHne HeCKOJIbKIX MOC/IeTHIX JIeT JIUI1-
pyforue nosunnn B Koukypce DIBCO, 00beKTOM KOTOPOTo SIIBIOTCS N300ParKeHMIsT
JIOKYMEHTOB Pa3JIMIHOIl ITPUPO/Ibl, 3aHIMAIOT HelipoceTeBble IOJIXO/Ibl, B TOM YNC-
Jle MeToJibl, OCHOBaHHbIe Ha apxutexkType U-Net, K mnpumepy, MeToj, OINUCAHHBII
B pabore [66].

CrouT TakKe OTMETHUTb, 4YTO IIpejBapuTe/bHasi OMHAPU3AIMS H300ParkKeHusl
JIOKYMEHTa, He 00s13aTe/IbHO MPUBOINT K YBEJNUEHUIO OXKIIAEMOI TOYHOCTH pPac-
nosHaBaHWs. Tak, B aHaauTudeckoit pabore 71| mokaszaHo Ha mpuMepe 3ajadn
aHaJIN3a U Paclo3HABAHUS JJOKYMEHTOB, YJIOCTOBEPAIONINX JITYHOCTh, YTO HCIIOJIb-
30BaHIe Jlake JIMJUPYIOMNX aJroOpUTMOB OMHAPU3AIME U300ParKeHnii JOKYMEHTOB
MOKET TPUBOJUTH K YMEHBIIEHHI0 TOYHOCTH pAClo3HaBaHus (110 KpaiiHeil mepe,
[P HCIHOJIb30BAHUU HECKOJbKUX HamnboJiee U3BECTHBIX OTKPBITBHIX CHCTEM PacIio-
3HABAHUS TEKCTA) 10 CPABHEHUIO C PACIIO3HABAHNEM HCXOHBIX M300paxkenuii. [Tpu

9TOM, COIVIaCHO IIOJIYHEHHBIM pe3yJibTaTaM, TOYHOCTLb pPaCIlOSHaBaHUE BCEC 2KE YJIy4-
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aeTcs, IIPpU HUCIOJb30BaHUU Hjlea/IbHOI MacKH IiepejlHero IljlaHa, YTO MOXKET
CBU/IETE/ILCTBOBATH O TOM, UTO yXY/AIIeHe TOYHOCTH PACIiO3HaBaHUe TPH OnHapm3a-
U1 00YCJIOBJICHO HEYCTONINBOCTHIO METOJIOB K OIPE/Ie/IEHHBIM KJIacCaM NCKaYKeHI
UCXOJTHBIX M300parKeHuii, OO OTCYTCTBUN KAKOTO-JIMO0 YHUBEPCAJIHLHOTO MOJIX0/IA,
KOTOPBIi ObI TPUBOJINJT K YIYUIIIEHHBIM M300pazkKeHUsIM, TTPUTOTHBIM JI/I MaKCHMAJTh-

HO Kad€CTBEHHOI'O pacCllO3HaBaHM B JITOOBIX YCJIOBUAX.

1.3 Meroapl kKjaccudukaliim, IMONcKa 1 n3BJedeHns nHPOPMaII Ha
N300pakeHnAX

1.3.1 Kuaaccudukanma u JoKaJanu3anus JOKYMEHTa [0 OCOOBIM TOYKAaM

B anasuze m300parkeHnii 0coObIMI TOUKAME Ha3bIBAIOTCSI TOYKN N300parKeHnsd,
JIOKAJIbHbIE OKPECTHOCTU KOTOPBIX 00J1aJIal0T OTJININTEIbHBIMI OCOOEHHOCTSIMI 10
CPaBHEHUIO C JIPDYIMMH OKPECTHOCTAMU. B mocjie/iHre HEeCKOJIbKO JIeT MeTObI, OC-
HOBAHHbIE HA TIOMCKE, aHAJIM3€ U COMOCTABJICHUU OCOOBIX TOYEK, JIEMOHCTPUPYIOT
XOpOIIINe Pe3yJibTaThl B TAKNX 3a/ladaX, Kak JeTeKTUpOoBaHue 00beKTOB, Kraccudu-
Kalligd M300parkeHnil, CKJIeliKa IaHOpaMbl, PAcIio3HABAHUE JIUI U JIPYTUX.

JleTeKTopbl 0COOBIX TOUEK — MeTO/BI ToucKa obsactu nHTepeca (Region of
Interest, ROI), KoTopble paccMaTpuBAIOTCsI, KAK OMOPHBIE TOYKU /0OJACTH JIJIs JIO-
KaJIbHBIX JECKPUIITOPOB, COJEP:KAIINX OIMCAHIE 0CODO0I TOUYKH M OCOOEHHOCTU €€
okpecTHOCTH. BriocsieicTBun, HabOp JECKPUIITOPOB IO3BOJIAET OXapaKTepH30BaTh
JIOKAJIbHBIE YIaCTKHI n300paykKenns. VI3BecTHbI pa3IndHble MeTO/IbI JIeTeKTUPOBaHUS
1 BBIYUCJIEHUS JEeCKPUIITOPOB. Jallle BCero 3TH MeTO/bl IIPejjIaraioTcs IapaMu i
HOCSIT OJIHO Ha3BaHME, HO 9TO He 00si3aTeJIbHO TaK.

B 3asiage pacro3HaBaHust JOKYMEHTOB MEXaHU3M 0COOBIX TOUYEK HCIIOJIb3YeTCsl
JUIsE KJtaccuuKalum U JIOKAJIU3aIUK JJOKYMEHTa WJIH €r0 YacTH IIyTeM CpaBHEHUS
¢ srajsioHoM. Jlokanmzalus JOKyMEHTOB ¢ OJiaHKaMu (DUKCHPOBAHHONI TI'eOMeTPUN
MOYKeT ObITh OCYIIIECTBJIEHA STUM METOJIOM B TOM YHCJIE IPU CheMKe KaMepoii, B IIPH-
CYTCTBUHU NPOCKTUBHBIX UCKakKeHUil. B TakoM cjydae J/1si COITOCTaB/IeHUs CO3BE3/INIT
0COOBIX TOUYEK OOBITHO HCIOJIb3YI0TCst agropuTMbl cemeiictBa RANSAC, sto mo3Bo-

JIAET IIOJIHOCTDBLIO OIIpeAc/INTh BHYTPEHHIOIO CUCTEMY KOOPAMHAT JOKYMEHTa Ha €ro
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n3obpazkenuu. [Ipum TakoMm crieHApUM MCIOIL30BAHNS BaXKHBIM CBOHCTBOM OCOOBIX
TOYEK OKasbiBaeTcst adbdUHHAS NHBADHAHTHOCTD ([IPOEKTUBHOE TPEOOPA30BaAHUE JIO-
KaJIbHO abduuno). [Tpu 6oJIBIITOM duc/ie 3TATOHOB KIacCu(UKAIUs OCYIIEeCTBIISIETCSI
B MOJIEJIN «MeIoK Tpu3HakoBy» (Bag of Features) ¢ moMonbi0 ObICTPHIX TOUCKOBBIX
nepeBbeB |72

[IpocTeitmmvu mpuMepaMu 0COOBIX TOYEK SIBJIAIOTCA YTJIbI, KOHITBI OTPE3KOB
1 JAPYyTHe TOIOJOIMYecKre 0COOEHHOCTH MOP(OJIOrnIecKoro ckejiera n300parkeHuil.
Ocobble TOYKU MMeeT MPEUMYIIECTBO IMepeJl APYTUMEI 0COOEHHOCTSAMU H300pazke-
HUSI, TAKUMU KaK Kpasi 1 00JIaCTU, TTOCKOJIbKY JIyUIIe JIOKAJM30BaHbI, U MPU ITOM
MeT BbicOKoMHMpOpMaTuBHOE cojepxKatue [73]. Ocobbie TOUKM, Kak MPaBUIO,
CTaOMJILHBI MTPU TPE0OPa30BAHUAX N300parKeHUil, a TaKxKe MPU ITPeodPa30BaHUsIX,
MEeHSIONTIX yToJ1 0630pa. K HetocTaTkam HCrob30Bainst 0COOBIX TOYEK MOXKHO OTHE-
CTU CHIZKEHNE BEPOSITHOCTU MPABIILHON KJ1accuuKaIuu TPH YBEJINIeHNN 00beMa,
BO3MOYKHBIX KJIACCOB, HEYCTOWYMBOCTH K CUJIbHOI pacdokycupoBke. Cpenn ObICT-
PBIX METOJIOB JICTEKTUPOBAHUS OCOOBIX TOYEK MOYKHO BBIJIEIUTH JI€TEKTOD YIJVIOB
Xappuca |74, FAST [75], Difference-of-Gaussian (DOG) [76] u YAPE [77].

Ausrropurm ferektupoBanus Scale Invariant Feature Transform (SIFT) me
JYBCTBUTEJIEH K MACIHITAOMPOBAHUIO W TTOBOPOTY M300payKeHusl M YaCTHIHO NHBa-
pUAHTEH K H3MEHEHHIO OCBEIeHHOCTH 1 TOYKH 0030pa Kamepbl [76]. Asropurm
SIFT obsajiaeT BBICOKOI CTEIEHBIO OTIMUNTEILHOCTH, TO €CTh IIO3BOJISIET C BBICO-
KOIT BEPOSITHOCTBIO IIPABUJIBHO COTIOCTABUTDL OJINH IIPU3HAK C DOJIBINOM Oa30ii JaHHBIX
IIPU3HAKOB, 00ecIieunBasi OCHOBY JIJIsl PACIIO3HaBaHUsSI 00BEKTOB 1 CIIEH. 3aTpaThl Ha,
n3BJIedeHre OCOOLIX TOYEK B HEM ONTHUMU3UPOBAHBI C MCIIOJIHL30BAHNEM KaCKaTHOI
dunbTpanum, npu KoTopoit 6osiee JOPOrOCTOAININE ONEPAITH TPUMEHATOTCA TOJIHKO
B MecTax, MpOIIeINX HadaJbHYI0 MPoBepKy. HecMoTpsi Ha 9TO, OCHOBHBIM HEJO-
crarkoM SIFT cunmraercss BbIcOKast BBIUUC/IUTEIbHAS C/IOZKHOCTD.

B pabore [78] B 2008 romy Obu1 npejcrasien meron Speeded Up Robust
Features (SURF), koTopblii 0OCHOBaH Ha TaycCOBOM MHOIOMACIITAOHOM aHAJI3E H300-
paxkennii. Jlerektop SURF ocHoBaH Ha jlerepMuHanTe MaTpHIlbl ['ecce n NCIOIB3yeT
UHTerpaibHble M300parKeHnsi JJisi TIOBBIIEHNsT CKOPOCTH OOHAPY KEHNsT TTPU3HAKOB.
64-outnbiit geckpunTop SURFE onuchiBaeT KaxKkiyio 0OHAPYKEHHYIO OCOOYIO TOUKY
C pacrpejie/icHIeM BelBJIeT-OTKJINKOB Xaapa B OmpejiesieHHoil okpecTtHOoCTH. [list

KazKJ10I'0 13 44 CY6peI‘I/IOHOB, Ka}K,ZLbIﬁ BEKTOD IIPU3HaKOB COACP2KUT YETbIPE YaCTU:

v = (Z dz, Zdy, Z |dx|, Z \dy\) : (1.3)
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rjie BefiBJIeT-OTKINKN dr u dy CYMMHUPYIOTCA JJIg KayKJIoro cybpermona, a ao-
COJTIOTHOE 3HaueHne OTKINKOB |dx| m |dy| obecrednBaeTr MOJAPHOCTD M3MEHEHUS
nnrencuroctu. Anroputm SURF unBapumanTen K BpalieHuio u Macimrady, HO nMe-
eT CpaBHUTEJIbHO ¢1ady1o abPuHHYI0 HHBAPUAHTHOCTE. OJIHAKO JECKPHUIITOD MOXKET
OBITH paciIpeH J10 128 OUT Jijist TOro, YTOObI UMETh JIEJI0 ¢ OOJIbITUMK M3MEHEHUSIMI
yria ob3opa. [raBabim mpeumytiectBoM SURFE nepen SIFT siBiisiercst ero Huskast
BBIUNCUTE/IbHAST CTOUMOCTD.

Asroputm Oriented FAST and Rotated BRIEF (ORB) 6bu1 npeoxen B
2011 roxy. ORB npejacrasiisier coboit KOMOMHAINIO MOAUMUIUPOBAHHOIO JETEKTOPa,
FAST (Features from Accelerated Segment Test) [75] u HanpapieHHO-HOPMAJII30-
Banuoro jeckpunropa BRIEF (Binary Robust Independent Elementary Features).
FAST-ocobennocTn AeTeKTUPYIOTCST B KayKIOM CJI0€ MHOIOMACIITAOHON ITHpaMI-
JIbI, a KadeCTBO HAJIEHHBIX TOYEK OIEHUBAETCS C TOMOIIBIO JETEKTOPa YIJIOB
Xappuca. ITockonbky merojy; BRIEF kpaitne ayBcTBUTEICH K MOBOPOTaM, TO ObI-
Jla ucroJsb3oBana Mmojudunuposantas Bepcust BRIEF-neckpunropa. Opuentarus
FAST-ocobennocteit orneHnBaeTCst IEHTPOUIOM HHTEHCUBHOCTU, KOTOPBIH MPeJICTaB-
JIsieT coDOlt CMelTeHre MeXK 1y NHTEHCUBHOCTHIO OIIPEJIEJIEHHOrO YIJIa U €r0 TIEHTPOM.
DTO cMellleHne ONEeHNBAET OPUEHTAIINIO, KOTOPAasl SIBJIA€TCS BEKTOPOM MEKTy MECTO-

noJsioxkeHneM obbekta u rnertrporngoM [79]. B [79] merrpouns onpeesnsercst Kak:

C' = (mao/moo, mo1/Moo),  Mpg = prypf(%y)- (1.4)

Metoa ORB ycroituns K MaciTadbipoBaHUIO, BPAIIEHNIO 1 OTPAHUIEHHBIM ad-
(PUHHBIM NCKaYKEHWSAM.

B patore [80] ommcan amropurm Binary Robust Invariant Scalable Keypoints
(BRISK), koropsiit gerektupyet yribl, ucroib3ys meroq AGAST [81], u dunbrpyer
UX C IOMOIIBIO OIEHKN yrjia Xappuca Ipu MOUCKe MAKCUMYMOB B MHOTOMACHITAO-
HOIl 1pocTpancTBeHHoi mupamuie. BRISK-jaeckpunrop ocHoBaH Ha OlpejeeHIN
XapaKTepPHOro HallpaBIEHUsT KazK/I0r0 IIPU3HAKA, JIJIA JOCTH KEeHNsT NHBAPUAHTHOCTH
KO BpalleHnto. UToObl BBIYUCIUTH OpHeHTalmio Kiwodepoit Toukn k, BRISK wnc-
MOJIB3YET JIOKAJbHBIE TPAJIMEHTHI MEYKTY TTapaMi BIOOPOK, KOTOPBIE OMPEICISTIOTCS

CJICTYIONINUM 00PA30M:

I(pj, 05) — I(ps, 0)
Ip; — pil?

g(pi;pj) = (pj —pi) - ) (1.5)
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Ta6JII/ILLa 1 — KauecTBo AETEKTUPOBaHMA U CKOPOCTb pa6OTbI METOJOB IIOUCKa

0COOBIX TOYEK

KauectBo (1 pasubix nosoporos) (%) | Cpennee BpeMsl
Heckpunrop | HerekTop
0 30 |60 |90 | 180 | Cpemmee | mist 15 kaapos (c)
SIFT SIFT 88,4 | 84,6 | 83,9 | 87,7 | 87,7 | 86,4 1,21
SIFT SURF 98,6 | 93,5 1 93,2 | 98,6 | 98,5 | 96,4 2,76
SIFT BRISK 98,7 | 98,8 | 98,4 | 98,7 | 98,5 | 98,6 1,40
SIFT ORB 98,3 |1 97,7 | 97,1 | 98,5 | 98,3 | 97,9 1,50
SIFT AKAZE | 64,7|61,9 | 61,6 | 65,0 | 65,0 | 63,6 0,70
SURF SURF 92,5 | 10,0 | 10,0 | 92,6 | 92,6 | 59,5 3,06
SURF SIFT 55,2 | 05,0 | 05,0 | 46,0 | 43,8 | 31,0 1,20
SURF BRISK 94,0 | 69,8 | 69,9 | 93,2 | 93,2 | 84,2 1,80
SURF ORB 96,9 | 83,0 | 80,0 | 96,1 | 96,0 | 90,4 1,30
SURF AKAZE | 01,0 | 00,3 | 00,4 | 01,0 | 01,0 | 00,7 0,80
ORB ORB 81,2 | 79,5 | 79,0 | 80,0 | 80,0 | 79,9 6,81
AKAZE AKAZE | 73,1 ]70,0 | 68,7 (672|729 704 9,90
KAZE KAZE 80,7 | 00,4 | 00,5 | 14,9 | 65,1 | 32,3 2,10

rae (pj, pi) — oaHa u3 nap Todek BbIOOPKH. CrylazKeHHble 3HAYEHHUs] HHTEHCHBHOCTH
B 9Tnx Toukax pasusiorcs I(pj, 0;) u I(p;, 0;) coorBercrBenno. s obecrede-
HUSI THBAPUAHTHOCTH K OCBEIICHUIO PE3YJILTATHI ITPOCTHIX MTPOBEPOK SIPKOCTH TaKKe
00bEINHSIOTCSI, U JIECKPUIITOP CTpouTcs B Bujie jgBonunoit crpoku. Meron BRISK
MHBapUAHTEH K MACHITa0y, BPAIEHUIO 1 OrPAHNIEeHHBIM adOUHHBIM HCKAXKEHUSIM.

PazpaboTka HOBBIX METO/IOB JIETEKTUPOBAHUS U OMUCAHUST OCOOBIX TOYEK MPO-
JTOJTIZKAeTCsA, W MMOMUMO METOJIOB, KOTOpbLIe yzKe cebs XOPOIIo 3apeKOMEHI0BaJIN,
MOSTBJISIIOTCsT 9KCIIEPUMEHTATbHbBIE METOJIBI, UCIOJIB3YIOMINe HelipoHHbIe ceTn [82].

B 0630pe MeTo/I0B JIeTeKTUPOBaHUS U OIUCAHUsT 0COOBIX TOUeK 83| mpuBoisiT-
CsT Pe3YJIbTATHI 3aMEPOB KAUeCTBA 1 CKOPOCTH PAbOTHI PA3HBIX METOIOB (CM. TabJIUILY
1). Asropsl crarbu [83| crenepuposasm 1630 Bumeo. st 3amepa KadecTBa ObLT HC-
0J1b30BaH OTKPHITHI HaTacer WikiBook [84], kotopsrii comeprkut 700 nzobparkenuii
quctoB A4 ¢ tekcrom. KadecTBo 3aMepsijioch 110 TOYHOCTHU MPABUIBHOTO MONCKa, 00~
JIACTU HHTepeca Ha m3obOpakenuu. jisi 3aMepa KadecTBa pabOTbI METOJ0B TaKrKe

MOTYT OBITH UCIOJIB30BAHBI OTKPBITHIE JaraceThl, Hapumep, Tobacco dataset [85].
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1.3.2 Jlokajgm3anus TpaHUIL JOKYMeEHTa

Jlokamzaliust MeToJIOM TIONCKa OCOOBIX TOUYEK MPEIIoIaraeT, 9To OJauK JTOKY-
MEHTa MMeeT YHUKaJIbHbIe 0COOEHHOCTH, IPUIEM OHM 3apaHee N3BeCTHBI. Bo MHOIMX
CJIydasx 970 He Tak. Y O(UCHBIX JOKYMEHTOB (JIOrOBOPOB U ITp.) OJIAHK MOYKET OTCYT-
CTBOBaTD, a Y DAHKOBCKUX KapT OJIaHKN IPe3BbIYaiiHO pa3HOOOPa3HbI 1 3apaHee, Kak
IIPABUJIO, HEM3BECTHBI. B TakoMm cjiydae Ha dTale reoMeTprudecKoil HOPMAaJIN3aIlINT
B KadecTBE MOJEIN JOKYMeHTa OOBLIYHO PACCMATPUBAIOT MPSAMOYTOJbHUK. Momennb
MOZKET OBITH JIOMOJTHEHA MU3BECTHBIM COOTHOIIEHWEM CTOPOH JOoKyMmeHTa. llpm cka-
HUPOBAHUN B HEKOTOPBIX CJYUYAAX OCMBICJICHHO JIOMOJHUTH MOJIETb aOCOTIOTHBIMI
pasmepamu. OOpa3om JIOKYMEHTa Ha CKAaHUPOBAHHBIX N300PaKEHUAX sIBJISICTCs MPsi-
MOYTOJIbHUK, OTJUYAIOIINNCS OT MPoodpas3a CJIBUIOM, ITOBOPOTOM U H30TPOITHBIM
crKaTueM, mpudeM KoI(GQUIMEHT C2KaTHsl, KaK IPABIIO, U3BECTeH (OH 3a/1aeTCsT pas-
perierneM ckaHnpoBanusi). Ha m3006pazkeHustx, MOJy9IeHHbIX ¢ MOOHIBHBIX KaMep,
obpa3 JOKyMeHTa — MOYTH TPOM3BOJILHBII BBITYKJIBINH YeTHIPEXYTOJTbHUK, TOCKOIBKY
n300parkeHue MojIBepraeTcs MPOeKTUBHON JIMCTOPCUMN.

PaboTbl, OCBSIIIEHHbIE JIOKAJIN3AIII IPAHNIL JIOKYMEHTA, PACCMATPUBAIOT KaK
CKaHUpOBaHHble n300parkeHus, Tak n dororpaduu. Bropoit ciaydaii 6osee oOIImil,
TaK KaK Ha W300paKeHNN MOXKET ITOSTBUTHCsT HEOIHOPOIHBI (DOH, KOTOPBI yBeININ-
BaeT BepOATHOCTDH JIOYKHBIX cpadaThIBAHUI, KPOME TOTO, TPAHUIILI JIOKYMEHTa MOTYT
OBITh YACTUIHO 3acjioHeHbl. Mbl OyjieM paccMaTpuBaTh 3a/1ady JETEKIUN JOKyMeH-
TOB Ha N300PaKEHUX, MOJYUYEHHbIX ¢ KaMepbl. OnucanHble HUXKE METO/bI MOTYT
OBITH IIPUMEHEHBI 1 JIjIsI CKAHUPOBAHHBIX N300payKeHust IIPU BBEJICHUN JIOTIOJIHUTE b
HBIX MeOMETPUYECKIX OIPpAHUYEHII Ha Pe3yJbTUPYIOIIII 9eThIPeXyTroIbHIK.

CyIecTByeT Tpyu OCHOBHBIX TMOJXOA JIJIsT PEIIeHns 3a/1a9l JeTEKITUN TPAHUIL
JIOKYyMeHTa: aHajn3 KOHTYPOB, CerMeHTallus W300parKeHnsd W JIETeKINA YIJIOB JI0-
KYyMEHTA.

CaMbIM HINPOKO PACIPOCTPAHEHHDBIM IIOXOJIOM SIBJIETCS aHAIN3 KOHTYPOB
Ha n3o0pazkeHuu jjokymenTa. OHON U3 KJjlaccudeckux padboT, UCIHOJIB3YIONINX ITOT
10JIX0J1, ABJIsieTcs [86], B KOTOPOI TpejicTaB/IeH MeTO L JeTeKIN JIEKIIMOHHOI JTOCKH
Ha n3obparkennu. [Ipemioxkennas aBTopaMi cXeMa COCTOUT W3 CJETYIONINX ITAaloB:

— BbIJIeJIeHne KOHTYPOB Ha N300parKeHn !, ITPUBEJICHHOM K TPaJIallisiM CepOro;

— JIeTeKIINs MPsAMBIX JIMHII Ha KapTe KOHTYPOB C TMOMOIIBIO TTPeodpa3oBaHus

Xada;
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— COCTaBJIEHNE BCEX BO3MOYKHBIX aJbTEPHATUB UETHIPEXYTOJbLHUKOB, YIOBJIE-
TBOPSIIOIIIX M€OMETPIIECKIM OTPAHIIECHISIM,;

— OIeHKa KOHCHCTEHTHOCTH KazKJIOr0 YeThipexyroibHuKa B: consistency (B) =
> pep consistency(b), rie b — cropoHa 4eTbIPEXyroJIbHIKA, a consistency(b)
BBIUNCJISIETCS KaK JI0JIsI ITUKCeJIell CTOPOHBI, KOTOPbIE NMEIOT COOTBETCTBHE
Ha KapTe KOHTYPOB;

— BBIOOD JIYUIIIEro YeThIPEXYroIbHIKA U €r0 yTOIHEHIE.

Hamnmast cxema Jjiersia B OCHOBY MHOTUX aJIFOPUTMOB JIeTeKIINN TPAHUIL JOKYMeH-

T0B. ABTOpPBI 87|, IpUIEPKUBASICH B OCTATBLHOM OIUCAHHOTO METOJIA, MPEeJIAraioT
0TKa3aThCsd OT MPUBEJICHNUSA K IPaJaliisiM CEpOro Iepejl BbIJIeJIeHIeM I'PAHUI] U3-3a,
BO3MOKHOIT 1toTepu nHdopMarui. BMecTo 9T0ro n3odparkeHne mepeBoguTCsa B IBe-
toBoe npoctpancrBo CIELAB. [Ing kaxkmoro kaHajia CTPOUTCS OTAe/IbHAs KapTa,
KOHTYPOB, IIOCJIE Yero Pe3ysbTaThl 00bEINHSIOTCS ¢ IMOMOIIBIO JOIHIECKOi omepa-
[T <A,

CyIecTByIOT TakxKe pabOThl, KOTOpbIE IPEJJIaraloT JIOMOJHUTH OINNCAHHYIO
BBIIIIE CXeMY MeTOJaMi (pUILTPAIIME BICOKOYACTOTHOI'O IIyMa, UTO [T03BOJIAET CHU-
3UTh KOJIMIECTBO JIOKHBIX CpabaThiBaHuil IeTeKTopa MpsAMbIX. B crarbe [88] onncan
MeTOJ (PUJIBTPAINK TEKCTa: Ha KapTe KOHTYPOB BBIJEJISAIOTCS KOMIIOHEHTHI CBSI3-
HOCTH, BBIUNC/ISIIOTCS UX OKAMMJISIIONINE MPSIMOYTOJIbHUKI, 1 KarKasl KOMIIOHEHTa,
OIIEHUBAETCSI TI0 COOTHOINEHUIO CTOPOH MPSIMOYTOJIBHUKA, €r0 pa3sMepy OTHOCUTE b
HO PermoHa MHTEepeca U KOJUUIECTBY IHUKCEJIENl.

st mocTpoeHusl aJbTEPHATUB YeTHIPEXYTOJBHUKOB KJIACCHYeCKas CXeMa
[peJIoJiaraeT MCIoaAb30BaHme mepedbopoB ¢ OTCEYEHUsIMU, 9TOTO Ke IMOJX0a IPHU-
JIepsKIBaETCsl OOJIBIINHCTBO OIICHIBAEMBIX 3/1€Ch PabOT.

B HekoTopbIx paboTax TakKrKe OIMNCAHBI HOBLIE CIIOCOOBI OIEHKH KOHCH-
CTEHTHOCTU YeTBIPEXYTOJbHIKA. B crarbe [89] cooTHOIIEHHE CTOPOH JIOKYMEHTa
P, cunrtaercsi u3BeCTHBIM, U OIEHKA YeThIPEXYTroJIbHUKA YUUTHIBAET OTKJIOHEHHE
OIIEHEHHOT'O COOTHOIIEHNs CTOPOH P, oT 3ajanHoro. Tak»Ke UCIOJIb3YeTCsT BEC COOT-
BETCTBYIOIINX MPSIMBIX B IIpocTpancTBe Xada Wy, 1 1711 KarKI0ro yriia BhIUNCISIeTCs
mrpad P., paBHBII cyMMe HMHTEHCHBHOCTH IIMKCeIeil Ha KapTe KOHTYPOB BIOJIb
COOTBETCTBYIOIIUX CTOPOH U BHE UX. DTO IO3BOJISIET OTCESITh YeThIPEXYTOJIbHUKIH,
OJIHA M3 CTOPOH KOTOPBIX 0OpaszoBaHa KOHTYPOM, BBIXOJSIIMIM 3a IPEJIEIbl YeThbl-

PEXYTOJbHIKA

4 4
consistency(B) = |1 — P;/P.| Z Wi, — chi : (1.6)
i=1 i=1
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CTouT OTMETHUTH, YTO OCHOBHBIM IIPEIIIOJIOKEHIeM I10/IX0/1a, OCHOBAHHOI'O Ha,
aHaJIn3e KOHTYDPOB, SIBJISIETCsI TO, UTO BCE CTOPOHBI JOKYMEHTa BUJIHBI Ha U300-
paKeHn U HMEIOT CIJILHBI KOHTpPAcT 10 OTHOIIeHuio K ¢ony. OmgHako IIpu
HCIIOJIb30BAHUH B PeaJIbHBIX CHCTeMax Paclio3HAaBaHUsI JTOKYMEHTOB OJIHA U3 CTOPOH
JIOKYMEHTa, MOYKET HAXOINThCS 34 MIPeIeIaMi Kapa Nl ObITh 3aC/I0HeHA, ITO Jesa-
eT IPaKTHIECKN HEBO3MOYKHBIM (DOPMUPOBAHNE TeTHIPEXYTOJLHIKA 110 4 CErMEHTAM.

B pamkax BTOpPOro Iojxoja IOUCK IPAHUI] JOKYMEHTa PAacCMaTPUBAETCs Kak
3aja4da cerMeHTalun n300pakeHust. Takoil 1MoJxoJ HakKJjaJblBaeT 0OoJiee cJiadble
OrpaHIYeHNs Ha BUJIUMOCTH I'DAHHUIL JOKYMEHTa, OJHAKO B OOJIBIINHCTBE CJIydYaeB
AJICOPUTMBI 00J1aJIaI0T OOJIbIIEH BBLIUUCIUTEIBHON CI0YKHOCTHIO. ABTOPBI PAOOTHI
[90] ucnonbsytor dbyukmmonan «local-global variational energys, ocHoBaHHbI Ha Be-
POSITHOCTHBIX PACHPEIEICHISIX BEKTOPOB KOOPJANHAT U IBETOBBIX XapaKTEPUCTHUK
IIUKCeJIsI JI/Isi PEFUOHOB JIOKYMeHTa 1 (oHa. 3ajada cerMeHTAIlNN PeIaeTcs IIyTeM
ONTUMU3AINN 3TOr0 (PYHKIIMOHAIA.

Otnenbhast rpynna pabor (Hampumep, [91]) mocssiiieHa UCIOTB30BAHUIO J1e-
peBa GopM, KOTOpas SBJSETCI HePapXUIecKuM IIpeIcTaB/IeHneM M300parKeHusl 110
HPUHIMITY BKJIIOYEHUs] JIMHUN YPOBHSI M300parKeHusi sl JIeTeKIUNn OObEKTOB Ha
m3o6pazkerun. CTOUT OTMETUTH, UTO aJIFOPUTM, ONUCAHHBIH B pabore [91], mokazas
JIVUIING pe3ysbTaT B IepBOM HCHbITaHuU TemaTudeckoro konkypca ICDAR 2015
Smartdoc.

B pabote |92] Ha m306parkeHnn BIOHPAETCsT HECKOJIBKO TOUEK (POHA, CErMEHTH-
PYIOTCST 00IACTH, TOXOXKIE HA 9T TOUKM, & YeTHIPEXYTOJIbHUK JTOKYMEHTa HAXOUTCS
UTEePATHUBHO, MUHUMU3UPYsT KOJUIECTBO IOXOKUX Ha, (DOH IHUKCeseil BHYTPU YeTbl-
PeXyroJibHUKA, 1 MaKCUMU3UPYsI UX KOJUIECTBO BHE €ro.

st pereHnst 3ajadid CerMeHTallni O0JIACTU JIOKYMEHTa, HCIOJIb3YIOT TaK-
xKe Heitpocereroii mogxox: apxurekrypy U-Net [93|, OctHU-PageScan — Fully
Octave Convolutional Neural Network, ocHoBaHHBIII Ha 3TOil »Ke apxXUTEKType,
HoughEncoder [94] — aBrosuKo/ep, UCIOIB3YOMNiT IPSIMOE U TPAHCIIOHUPOBAHHOE
npeobpasoBanust Xada.

Tperuii ox0 1 IpejoIaraeT AeTeKIuo yrjioB JoKyMeHTa. B pabore [95] s
9TOI'0 HUCIOJIL3YeTCs JBYXdTallHas HelipoceTeBasi cxema. llepBasi HelipOHHasl CeThb
rpy0O OIEHUBAET IOJIOKEHUE YIJIOB JOKYMEHTa Ha BXOJHOM H300PayKeHUH; IIOCTIe
qero KarkK/blil U3 yIJIOB UTEPATUBHO YTOUYHIETCS BTOPOIl HEIIPOHHOI CETHIO, KOTOPasl
IPUHUMAET Ha BXO/JI JIOKAJbHYIO OKPECTHOCTb KarKJI0ro yria JoKymeHTa. OrpaHude-

HUAMN JaHHOI'O IIOAXOJa ABJIACTCA Tpe6OBaHI/Ie B IUMOCTH 1 BBICOKOI'O KOHTpPacCTa C
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¢doHOM BCEX YIVIOB JOKYMEHTa, UTO 3a4acTylO0 HE BBIIOJIHSIETCS IIPU ChEeMKe C MO-
OMJIBLHOIT KaMephl.

Cy1ecTByeT HECKOJIBKO OTKPBITHIX JATACETOB, KOTOPhIE TTO3BOJISIOT U3MEPUTH
Ka4uecTBO JIETEKIUN IPaHUI] JOKYMEHTa: JIaTaceT, KOTOPBII MCIIOJIHL30BAJICSI B COPEB-
rosanun ICDAR 2015 SmartDoc |72], natacer SEECS-NUSF [95], CDPhotoDataset,
OlMCaHHbI B pabote [96], Oy/eT JoCcTymeH mocie MojiBeIeHIsT NTONOB KOHKYPCa CO-
pesnoBanne ICDAR2021. Hamnbosiee wacTo mcmosb3yemoil METPUKOI JJIsI OIEHKIH
KauecTBa JeTeKINN I'PaHNIl JOKYyMeHTa siBjsgercd nHjaekc zKakkapja. OH, B 9acTHO-

ctu, ucnoib3oBasicsa B Koukypce ICDAR 2015 SmartDoc.

1.3.3 Kuaaccudukalyda n JIOKAJIU3allis 10 o0IIeMy BUILY

Cy1iiecTByeT ele OJUH TOJX0J K JOKAJU3AINN 1 KiaacCuUKalIUl JIOKyMeH-
ToB. OH IPUMeHsIeTCs B clydae, ecjiu OJIaHK JOKYMeHTa He 00J1a/1aeT YHIKAIbHBIMI
CTAOMILHBIMU JIOKAJIbHBIMI OCOOCHHOCTSIMHU, HO JJOKYMEHT BCE YK€ JIEIKO ONO3HaeT-
cst mo obimemy Buiy (visual appearance). B rakom ciyudae it Kjaccudukanum
JIOKYMEHTa MOTYT OBITH IMPUMEHEHBI T€ WJIN WHbIE METOIbI MAINHHOIO O0yYeHUS.
Metospr Kaccuukalym, He oOecIednBaioNue OJIHOBPEMEHHOM JIOKAIN3AIUN J10-
KyMeHTa, IPUMEHAIOTCS T0CIe PacCMOTPEHHBIX paHee aJropuTMOB T€OMETPUIECKOM
HOPMAJIM3AIINK IIyTeM JIOKaJIU3aIun rpatuil. JoctaTodHo 1moapodHbIil 0030p TaKux
METOJIOB MOYKHO HailTH B paszeie 2.2.2 paborsl [2].

Kpome Toro, cyrmiecTByeT KaK MUHUMYM OJIUH METO]] MAIITMHHOTO O0YYEeHUSsT, Pe-
maronuii obe 3aja4un. MeTo geTeKTHupOoBaHmsI 00bEKTOB, OCHOBaHHBIN Ha OLICTPOM
BBIUUC/ICHUN JIOKAJIBHBIX KOHTPACTOB (Tak Ha3bIBAEMBIX PU3HAKOB Xaapa), ObLI
npeiozker Buosta u Jlxkoucom iyt oncka sy Ha (ororpadustx [97]. [Ipu ucmosib-
30BAHNM MMU IIOHATUSI MHTErpajbHOI0 M300parkeHusl BbIUMC/IEHIS KOHTPACTa JIJIsl
MIPOM3BOJIBLHON TTPAMOYTOJBLHON T10/100JIaCTH B CPETHEM BBITIOJTHSIIOCH 38 HECKOJIBLKO
TAKTOB IEHTPAJBHOI'O IIPOIECCOpa. DTO MO3BOJINIO OBICTPO IPUMEHATDH JETEKTOPbI,
OCHOBaHHbIE HA BBIYUCJICHUN ITPU3HAKOB Xaapa, K KaxK0i MpsaMOYyTOJIbHOI 11010018~
cTU N300parkKeHusl, B3ATON CO BCEBOBMOXKHBIMU MacIliTabaMy 13 3apaHee 3a/IaHHOTO
MHO2KecTBa. B pesysibrare ObicTpojeiicTBue Meroja Buosbl n [IxkKoHca ObLIO paBHO
15 kaJipaM B CeKyHIy Ha nepconabHoM KoMibioTepe 2000 roja 6e3 ncnoib30BaHus

BbIUMCJICHUIA Ha BUOcOKapTeE.
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Hpyrum mpemmytiecTBoM MeTojia Buossr n /[2koHca Mo cpaBHEHUIO ¢ Helpo-
CETEeBbIMU METOJIaMU IJIYOMHHOIO0 OOyU€eHHUsl siBJISI€TCsI MeHbIlast TpeboBaTe/IbHOCTD
K 00beMy O0ydaromuX JaHHBIX. DTO BayKHO B 3ajadax, CBSI3aHHbIE C PACIO3HAa-
BaHUEM JOKYMEHTOB, YJIOCTOBEPSIONIUMU JNYHOCTD, MOCKOJIBKY JJId HUX 3a/ada,
cbopa 0OyIAIOMNX JTAHHBIX CONPSYKEeHa ¢ CePbe3HbIMI TTPABOBBIMI OTPAHITIEHITSIMH.
B pabore [98] 6bu1n 06yUenHbl HeCcKOIbKO KiaaccudurkaTopos Buosbt n JIxkonca st
JIOKAJTU3aIUN HECKOJIbKUX TUIIOB JIOKYMEHTOB, YJIOCTOBEPAIONINX JUIHOCTD, HA U300~
pasKeHusIX, IOJyIEeHHBIX C IIOMOINBIO CKaHepa, MPUYEeM I0JI0KUTEeIbHAsd BbIOOPKA,
JUTST KayKJIOTO M3 KJIACCOB COCTOSIA BCETO M3 HECKOJBbKUX COTEH NpuMepoB. Metoj
00J1a/1aeT YCTOMYINBOCTHIO K TIYMOBBIM 3JIEMEHTaM, TAKMM KaK TUJILONINPHbIE PHU-
CYHKW, 3allITHBIE BOJIOKHA, PYKOMHICHBIE TIOMETKHN U T.II., MMOCKOJBKY CTPOUTCS Ha,
pu3HaKax HU3KOrO paspenieHus, GopMUPYIONINX BU3YaJbHBIH 00pa3 «B IEJIOM»,
UTHOPUDPYST MEJIKUE JIeTAJIM.

Meroy Buosbl n /I>KoHca mpuMeHNM TaKKe I MTOUCKa U KJIacCUpUKaIum
OITOPHBIX 3JIEMEHTOB OJIaHKa WJIN 3allOJHEHUs] B CAydasixX, KOIja JOKYMEHT He CO-
JIEPKUT JIOCTATOYHOTO YHC/Ia OCOOLIX TOYeK. EIe OJHUM HHTEPEeCHBIM OOBLEKTOM
MONCKa SABJIAIOTCS KPYTJIbIE MMeYaTH, TTOUCK W CHIATHE KOTOPBIX UT'PAeT 0COOYIO POJIb
IIPU paclio3HaBaHUM JOKYMEHTOB. Bo-1epBbIX, MpoBepKa HAJUYNs [TeYaTn HeoOX0 -
Ma JIJIsi IPOBEPKU TOJJIMHHOCTH JIOKyMeHTa. Bo-BTOPBIX, IedaTu cojep:Kar B cede
3HAUYNMYIO MHMOPMAIUIO, paclio3HaBaHue U KOHTPOJb KOTOpOIl caM 1o cebe Tpe/i-
cTaB/geT meHHoCTh [99).

B macrosiiiiee BpeMsi /I pelienne 3aJaqu JeTeKINNu 0O0bLEKTOB, B TOM YHC-
Jie JIOKYMEHTOB, TaKrKe IMIPOKO UCIOJIB3YIOTCA HelpoceTeBble MeTo/ibl. Hapeproe,
CaMbIM M3BECTHBIM U MIHPOKO UCIIOJIb3YeMbIM HEHPOCETEBBIM TIOIX0/I0M K 3TOM 3a/1a-
ae, MoxkHO cuutaTh Mero; YOLO (You Only Look Once, 10C/IOBHO «ThI CMOTPHIIIb
ToJIbKO ojinH pasy) [100]. Merox YOLO mupejickasbiBaeT orpaHUnIiBatolne paMKi
NCKOMBIX O0OBEKTOB W OJJHOBPEMEHHO IMPOU3BO/INT X KJIACCUPUKAIIIO TPAKTHIECKN
JUIsT KazkJI0ii 00s1acTi n300pazkeHns (TpaHMIbl pa3MepoB POBEPSIeMbIX 0bJIacTelt
SIBJISTFOTCsI THIIEpIIapaMeTPaMil MeTOJIA).

Aproper paborer [101] mpoBesn aHain3 KOMOUHAIINN Pa3IUIHBIX (DYHKIHIL,
YJIYUIIAIONNX PaboTy CTAHJIAPTHBIX CBEPTOUYHBIX cereil B 3ajade jereknnn. Oka-
3a/10Ch, YTO HEKOTOpble (PYHKINU pabOTAIOT HMCKJIIOYUTEIBHO C OIpeIeeHHBIME
MOJIEJIAMU U UCKJIIOUUTETHHO ¢ OTPEJIe/IEHHBIMI 33 /a9aMI WU TOJTBKO ¢ HEOOJIHITTH-
M HAOOpaMU JIAHHBIX; B TO BpeMs KaK HEKOTOpbIe (PYHKIINU, TaKie KaK (DYHKITHIS

HOPMAJII3AIlNs TTAKeTOB 1 ocTarovnble (residual) coepmuenns, mpuMeHNMbI K 60JTb-
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IITHCTBY MOoJIesiel, 3ajad 1 HaDOPOB JaHHBIX. ABTOPBI yYTBEPIKIAIOT, UTO TaKHe
VHUBepCaIbHbIe (DYHKIINE BKIIFOYAIOT B3BelleHHble ocTaTounble coeqnnenns (WRC),
MeKdTanHble dacTudnbie coepnnenns (CSP), mepekpecTHy0 MUHE-TIAKETHYIO HOD-
vasmsannio (CmBN), camococrszarensaoe odyuenne (SAT) n Mish-akrusario.
ABTOpBI IpejicTaBUIN HOBYIO, 4-yio 110 cdeTy Bepcuio apxutekTypbl Y OLO, BKIIIO-
garormyio WRC, CSP, CmBN, SAT, akruBamuioo Mish, a Takzke J0MOTHUTE/IHHBIIH
HA0OP TEXHUK JJjIsi ayrMeHTalund oOydaroiieil BhIOOPKHU, Perysspu3aiii Ipu ody-

qeHuu, 1 Ap.

1.4 Metoabl aHa/an3a CO/iepP>KaHUA JOKYMEHTOB

1.4.1 Metoapl aHaIM3a CTPYKTYPhI JJOKYMEHTA

[Tocsie npeaBapuTe/ibHOIT 00pabOTKN N300PaArKEHHsI U JIOKAJIU3AIUN IPAHNII J[0-
KYMEHTa, B M300parKeHNN BayKHEHIIM 3TAIlOM SIBJIAETCA aHaJl3 €ro CTPYKTYPhI 1
cerMeHTalus JOKYMEHTa Ha COCTaBHBIC YacTU. 3aJ1aui, KOTOPbIE BXOAAT B OJIOK aHa-
JIN3a CTPYKTYPbI JIOKYMEHTa, MOXKHO Pa3Je/IUTh Ha CJICYIONIe IPYIIILL:

— JIeTeKTUPOBAHNUE U JIOKAJIN3AIMsT TEKCTOBBIX 9JIEMEHTOB (CTPOK, CJIOB) JIOKY-

MEHTA;

— aHaJU3 CTPYKTYPLI TEKCTOBBLIX OJIOKOB JOKYMEHTa U CerMEeHTallsd Ha OT-
JeJTbHbIE TEKCTOBBIE OJIOKI, KOJIOHKH, aparpadbl, I TEKCTOBBIE TOJIS (CM.
puc. 1.6);

— omupeJieIeHue IOC/Ie0BATeILHOCTH IIPOYTEHNs] TEKCTOBLIX OJIOKOB JOKYMEH-
Ta (KOJIOHOK, naparpados, moJieit);

— JICTEKTHUPOBaHNE U JIOKAJIN3AIUs IpadpnIeCKUX 3JIeMEHTOB JTOKyMeHTa, — (pu-
I'yp, PUCYHKOB, (bOPMYJI, IledaTeil, ITaMIOB U T.I1.

[TockosbKy cermenTalust U300pazkKeHust JOKyMeHTa Ha UHGOPMAIMOHHbIE
dparMenTnl B 3HAYUTEJLHOI CTEIeHN 3aBUCUT KaK OT CTPYKTYPLI JIOKYMEHTa, Tak
1 oT crenudyuKl KOHKPETHLIX CHCTEM PACIIO3HABAHUA, B JIUTEPAType HabJII01aeTCs
HINPOKUIl CIIGKTP METOJIOB M II0JIXOJIOB, IIPEJIaraeMbIX JJId PEIIeHUsT TaKOrO POJia

3aJ1a4, TPYIITIPYEMBIX Pa3JIUIHBIM CIIOCOOOM.
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Pucynok 1.6 — IIpumep cTpyKTYpbI TEKCTOBBIX OJIOKOB JOKyMeHTa [2].

Co cTOPOHBI OCOOEHHOCTE JOKYMEHTOB METOJIbI aHAJIN3a X CTPYKTYPbI M0/I-
pas3eIATCa Ha METOMbl aHAJN3a CTPYKTYPBI KeCTKUX (opM (T.e. JTOKYMEHTOB,
IIepeMeHHbIe 3JIEMEHThl KOTOPBIX PaCIIOJIOXKEHbI Ha PA3JIMIHBbIX 9K3EMILIAPax B O/I-
HUX 1 TeX YKe MeCTax ), aHAJII3a JOKYMEHTOB C OJIHOKOJIOHOUHON U MHOTOKOJIOHOTHOI
MaHXITTEHCKOl CTPYKTYpOil (T.e. JJOKYMEHTOB, KOTOPbIE MOIYT OBITH JEKOMIIO3U-
pPOBaHbI Ha HelepeceKaloIecs: OPTOTPOIIHBIE MPSIMOYTOJIbHBIE PErHOHbBI, KarKIbIii
13 KOTOPBIX COJIEPYKHUT JTMOO TEKCTOBBIN OJIOK, JIMOO PUCYHOK, TAOJUIy U T.IL.), U
AHAJIN3 THOKNX JIOKYMEHTOB MPOM3BOJILHON CTPYKTYphI (T.e. JOKYMEHTOB, rpadu-
YeCKHe 3JIEMEHTHI U TEKCTOBbIE OJIOKH KOTOPBIX MOT'YT OBITH MPOU3BOILHO (DOPMBI
1 ¢ IPOU3BOJILHBIM HAIPaBJIeHHeM TekcTa). Merojibl pazbopa pasjindHbiX CTPYKTYD
JIOKYMEHTOB TaKzKe ITOIPa3/Ie/IsIOTCs Ha, METO/IbI, IIPe/IIIoJIararoliie aipuopHbie 3Ha-
HIs O 1abJI0He («TpaMMAaTHKE» ) CTPYKTYPBI KOMIIOHEHTOB JJOKYMEHTA, U Ha METO/IB,
IpUMEHNMBbIE K JIOKYMEHTaM C 3apaHee HeM3BeCTHON CTPYKTYPOI.

AnropuTMbl aHAIN3a CTPYKTYPBI JOKYMEHTa, ¢ TOUKN 3PEHMUsT ITOIX0/1a MOYKHO
YCJIOBHO Pa3/Ie/IUTh Ha TPU I'PYIIILL: TOAX0Abl «bottom-up», moaxomsr «top-down»
u rubpUIHbIE.

[Tonxo bt rpytbl «bottom-up» onuparoTcst Ha IIpeaBapUTEIbHOE BblIe/I€HUE 1
aHAJII3 OT/AE/IHbHBIX KOMIIOHEHTOB JJOKYMEHTOB, TAKIX KAaK PUCYHKH, TEKCTOBBIE CTPO-
KN 1 CJIOBa, CTATHYIECKHE TEKCThI, 0COObIe TOUKM, MAapKePhl U T.II. I HAa UX OCHOBE
BOCCTaHABIMBAIOT OOIIYIO CTPYKTYpY. K 9T0il rpyIine oTHOCATCsT METO/bI Ha, OCHOBE

aHaJIn3a I'PpYIIl KOMIIOHEHT CBA3HOCTH, I/I,D;GHTI/I(l)I/IKaHI/H/I HpHMOJH/IHeIU/IHI)IX QJIEMEH-
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ToB [102], KJIIOUEBBIX TEKCTOBBIX KOMIIOHEHTOB M HMX COBMECTHBIX cBsizeii [103], a
TaK»Ke MEeTOJIbl Ha OCHOBe juarpaMm Boponoro u Tpuanryssinun [lesone.

[Tosxo bl rpyIbl «top-downs npe/imnosaraioT aHa 3 1300parKeHnsl JIOKYMEeH-
Ta B II€JIOM U IIPeIBApPUTEIBLHOI CerMeHTaIllun CTPYKTYPhI JOKyMeHTa Ha OJIOKH,
KayKJIbIil 13 KOTOPBIX BIIOCJEACTBAN pas3dmpaeTcss He3aBUCHMO. K TakmM MeToam
OTHOCSTCS aHAJIN3 MPOEKINi m300parkKeHnsi Ha TOPU3OHTAIBHYIO U BEPTUKAJBLHYIO
ocu u aHaygu3 npocseroB [104], mekommosurust JOKyMeHTa Ha OJIOKH TIPH MOMOIIH
ONTUMAJILHOIO HaK/IajblBaHus MHO)KecTBa ayccobix siyiep [105] wim apyrux tu-
OB (PYHKIIHIA.

K Tperbeii rpyiie oTHOCSITCS THOPUIHDBIE TTOAXO/IbI, COCTOSIIIIE B COBMECTHOM
[IPUMEHEHNN HECKOJIbKIX TEeXHUK, 00beuHeHne moaxoaoB «top-downs u «bottom-
up» C JIOIOJHUTEJIbHBIMI MOAMMDUKAINSAMI, ONPEIeIsseMbIMI CIenUKON 3a1a9m
uan crernudukoil JlokyMmenTa. K 9Toit rpyrie Takyke MOXKHO OTHECTH METOJIbI Ha,
OCHOBE MAIIMHHOIO 00yYeHMs 1 IPUMEHEHUs TJyDOKIX HePOHHBIX ceTell, HanboJiee
AKTUBHO Pa3BUBAIONINECS B IOCJEAHNE ToJbl. TakK, MOJEIN Ha OCHOBE CBEPTOY-
HbIX W PEKYPPEHTHBIX HEHPOHHBIX CeTeil, B TOM d9ncje IIyOOKHe apXUTEKTYPhI
VGG-16 1 YOLOV2/v3 ucnosb3ytores Jjist JIeTeKTHPOBaHNUsI, MONCKa U KJIaccudu-
KAIN OT/IEJIbHBIX KOMIIOHEHTOB JIOKYMEHTOB, TaKUX Kak hurypbl u pucyuku [106]
1 GOPMYJIbI, & TaKKe TEKCTOBBIX 3JIEMEHTOB JIOKYMEHTOB U CBsI3€ll MEK/Ly HIMHU.
[1ybokue cBepTOUHBbIE MOJIEIN HCIOJIb3YeTCs st KJjaccuduKaium OJIOKOB JIOKY-
merToB [107], mOJIHOCBEPTOYHBbIE HEHPOHHBIE CETH, CBEPTOUYHbIE HEHPOHHBIC CETH
¢ myabTuinkaTuBEbIME cytosivu (Trainable Multiplication Layers, TML) u «cu-
aAMCKIe» CeTH MCIOJIb3YIOTCS [IJIsl PEIeHnsT 3aa9l CeMaHTHIeCKONH CerMeHTAIINN
nokymenToB [108].

OT/Ie/IbHO CTOUT BBIJIEIUTH 3a/ady JETeKTUPOBAHUA U JIOKAJIU3AIUN [TPOW3-
BOJIbHBIX TEKCTOBBIX CTPOK U OTJEJIbHBIX CJIOB, KOTOpPAasi IMIUPOKO OOCYKJIAETCs B
JTEepaType BKyIle ¢ MeTOJaMUl aHajm3a CTPYKTYPhI JIOKYMEHTOB (XOTsI, CTPOTO
roBOpsI, ABJIsIeTCsT Dojiee 00IIeil 3a1adeil, KoTopas BOSHUKAET TaKKe BHE CUCTEM 00-
paboTku JokymeHToB). K 910it 33/1a1e IpuMeHstoTcst TepMEHbL «text in the wildy,
«word spotting» mimm «text spotting». JIis1 ee perrennsi co3atoTcsi METOJIbI, TTO3BOJIsI-
IOIIHE BBIJIEISITH YIACTKI BXOIHBIX N300PaskeHuil, cojiepKaliiie CUMBOJIbL, I'PadeMbl,
CJIOBA U TEKCTOBbIE CTPOKH IEJINKOM, B YCJIOBHUAX MUKCETHHBIX (PKOCTHBIX, I[BETO-
BBIX) U TEOMETPUIECKIX NCKaKeHnit. MeTo bl BKITIOIAI0T KAK CTPYKTYPHBII aHAII3
Y4YaCTKOB H300parkKeHUsI C IOCJIEeJAYIOIMIM KOMOMHATOPHBIM BBIOOPOM YYaCTKOB,

O6JI&IL&IOHH/IX IIpu3HakKaMM TeEKCTa, HNCIIOJb30BaHNC TEXHHNK O6y‘{eHI/IH JIOKaJIbHBIX
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MPU3HAKOB TEKCTa, a TaKyKe IVI00aJbHOEe HUCIOJIL30BaHUE TJIYOOKHX CBEPTOUYHDLIX
HEHPOHHBIX ceTell JI/Isi BbIJEJCHUS MMUKCeIell TeKCTa Ha MPOU3BOJIBHBIX N300pazke-
mngx [109).

C 0bHIMPHOCTBIO TEMbI aHAJIN3a CTPYKTYPbI JIOKYMEHTOB, U TAKUX ITOJITEM KaK
cerMeHTalusl N300parkeHuns JOKYMEeHTa 1 MMOUCK IpaduuecKux W TEKCTOBBIX 3JIe-
MEHTOB, CBA3aH MHTEPEC HAyIHOI'O COOOIEeCTBA K paspaboTKe HOBBIX aJTOPUTMOB
1 METOJIOB PEIIeHNs CBA3AHHBIX 3a/a4. PeryasapHo MpOBOJATCS HayJIHbIe KOHKYP-
ChI, TaKHe KaK KOHKYDPC pACIO3HaBaHUS JIOKYMEHTOB CO CJIOXKHON CTPYKTYpPOii
(ICDAR Recognition of Documents with Complex Layouts) u japyrue. st oneHkn
BHOBD IyOJIMKYEMbIX aJIlOPUTMOB UCIOJIB3YIOTCA CTABIINE TPAIUIINOHHBIMI OTKPbI-
Thie HAOOPBI JaHHbIX, Takune kKak PRIMA [110| (anamu3 cTpyKTypbl JTOKYMEHTOB),
COCO-text [111] (monck n pacrmo3naBaHne TeKCTa Ha €CTECTBEHHBIX H300PaKeHUAX )
1 HADOPBI JIAHHBIX MEXKIYHAPOJHOTO MPOEKTa Pa3BUTHA CUCTEM aHAJM3a JOKYyMEH-
toB MAURDOR [112]. [Tomumo HuX, MeKIyHAPO/IHbIE KOJLIEKTHBbI CO3/IAI0T HOBBIE
HA0OPBI JIAHHBIX, OTParkalolue CrenuduKy 1 XapaKTEePUCTUKU OTJ/IeJIbHBIX THIIOB
JOKYyMeHTOB, Hampumep, Habop BID [113| mis anannsa JOKYyMEHTOB, YJ0CTOBEDSi-

IomMx JIM4YHOCTD.

1.4.2 IlpmMeHeHMe NCKYCCTBEHHBIX HEMPOHHBIX CeTeil s
PacCIO3HABAaHUs CUMBOJIOB U CJIOB

C konna 90-X roJIoB MPOIIIOr0 BeKa OOJIBLIMUHCTBO METOIO0B U MOJIX0/0B K OIl-
TUYIECKOMY PACIIO3HABAHUIO CUMBOJIOB, ITIPEJJIAraeMbIX /I PEIIeHns JaHHON 3a1a41
OCHOBaHO Ha nckyccrsennble nefipornbie ceru (MIHC). Bee meropl, ucnosb3yembie
JUTsl paclo3HaBaHusl CTPOK MOXKHO MOJIEJIUThL Ha JIBE OOJIBINTNE TPYIIILI: METO/BI C
sIBHOI cerMeHTalneil CTpOKN Ha CUMBOJIBI U 6€3 SIBHOI cermeHTarueil CTpoKu.

[Ipn cermenTamum CTPOKM JIJisl KarKJIOTO CUMBOJIA CTPOUTCS OKAWMJISIONTINI
MPSAMOYTOJBHIK, COJIEPKIMOe KOTOPOTo TepejiaeTcs Kiaaccuduxaropy. B mannoit
I'PYIIIIe METOJIOB CerMEHTAIlNA CUMTAeTC 3ajiadeil DoJiee CI0XKHOIM, deM Kiraccudu-
Kalud. Bce cramjiapTHble aJrOPUTMBI CETMEHTAITMN UCIHBITHIBAIOT TPYAHOCTH PN
PACIO3HABAHUI KACAIOIINXCST MJIH TT€PECEKAOIINXCsT CUMBOJIOB (IIPHU CJIUSIHIN OYKB B
HEKOTOPBIX MpudTax B JIUraTypbl, Hanpumep, ff) mmm ke npu 06paboTke cCUMBOJIOB

cocToAmux u3 6oJee, IeM OJJHOTO KOMIIOHEHTHI CBA3HOCTH (mpuMuTiBa). OcobeHHO
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STU IPOOJIEMBI IIPOSIBJISIIOTCS IIPY HAJIMYUN CJIO?KHOTO (poHa y JIoKkyMeHTa. Ha aTowMm,
B 1JacTHOCTH, Oasupytorcss coBpeMennble meTonabl co3gannsg CAPTCHA. Ilostomy
YaCTO aJTOPUTMbI CEIMEHTAINN COJIEPXKAT IBPUCTUKU, KOTOPbIE 3aTPY/AHSIIOT UX NC-
1I0JIb30BaHUE JIJIsi PA3JIUIHBIX SI3BIKOB 1 aJI(DaBUTOB.

AIropuTMbI CerMeHTaIun CTPOKHU JIEJISITCS Ha JIBe TPYIIIIbL:

— 00paboTKa CBSI3HBIX KOMIIOHEHT;

— aHaJIM3 MPOEKINN Ha FOPU30HTAJIBHYIO OCh.

Ha ocroBe ananmza npoekIuii pa3zpadoTaH MOJIX0/] SBPUCTUIECKON U3TUITHEH
cerMeHTanuu. B TaHHOM I0JIX0/ie CTPOSITCST HECKOJIBKO Iy Tell cerMeHTallnn (HECKOJIb-
KO BApUAHTOB Pa3bHeHust CTPOKU Ha CUMBOJIbI) U U3 HUX BbIOUpaercst jrydrnii [114].
IIpu aTOM cTpoKa MOKeT ObITH 3aBEIOMO pazjesieHa Ha M3JIMIIHee KOJUIEeCTBO Ua-
creif (¢ jeseHIeM CHMBOJIOB), MOC/IE Yero KayKjas 9acThb KJIacCHpUIMPYETCs, U Ha
OCHOBE OIICHOK CerMeHTAIlnn KJaccudukaropa crpoutcs jydmmii myts [115]. Ta-
KHe MeTO/Ibl HHOT I UCIIO/IL3YIOT IBPUCTUKI, HAIIPUMED, IPU3HAK MOHOIIMPUHHOCTH
mpudra [114] win oTcyTeTBIE CUMBOJIOB U3 HECKOJIBKIUX KOMIIOHEHT cBsi3HoCTH [115].
B anmropurmbl cermentannu MoxkeT 6biTh BeTpoera MHC (mampumep, npumeHeHme
KJ1accuuKaTOpa, KOTOPBI yMeeT OTJIndarTh CHMBOJI OT ero dactu [116]).

[Tocsie cermeHTAIIIE CTPOKHU MTPOBOJUTCS Kjaaccuukalisg 00pa30B CUMBOJIOB.
Jlj1st Hee B OCHOBHOM HCIIOJIB3YIOTCsE cBeprovnbie Heiiponubie cern (CHC). Taxzxke
CYIIECTBYIOT MOJIX0/ bl Ha ocHOBe KackKaja MHC, koryia uToroBwlii oTBET CTPOUTCS
Ha OCHOBE OIIEHOK BCeX BXOJAINNX B KackaJl cereii. s nocrimkenns state-of-the-art
PEe3YJILTATOB Ceifgac CTPOATCs KacKa/ibl ceTell ¢ 09eHb OOJIBITNIM KOJIMIECTBOM Hapa-
MeTpoB. Hampumep, HbIHEIIHss HauMeHbIIas oimnbdKa Ha Habope gaHabix MNIST
(0,14%) nmocrurmyra Kackajgom n3 15 cereii o 35.4 x 106 xkaxkmas [117], B To Bpe-
MsI KakK OIIMOKa, JIOIyCcKaeMasl 4esloBeKoM, cocrasiser npumepno 0,20%. Taxum
0bpas3oM, 0OYeHb MHOTHE COBPEMEHHbBIE apXUTEKTYPhI COACPKAT U3JIUIITHEE YUCTIO TTa-
paMeTpoB U CKJIOHHBI K 1epeobydenuto [118].

[Ipu pemennn 3aja4un MOOMIBLHOTO pPACIIO3HABAHUS 3a9aCTyI0 pa3pabOTINKN
CHUCTEM HCIOJIb3YIOT TOTOBBIE TTPOrPAMMHBIE MAKETHI (TaKie, KAK OTKPBITHII MaKeT
Tesseract [119]), pematorue 3aa1y pacio3HaBaHust TEKCTa OOIIIM, ¥ JIATIEKO HE Ca-
MBIM 3(hPEKTUBHBIM, 00Pa30M, B KOHTEKCTe KOHKPETHOI crucTeMbl. ABTOPBI paboT 110
MeTOJIaM PacIO3HaBAHUS TEKCTOB HA MOOMJILHBIX YCTPOMNCTB OTMEYAIOT, UYTO JayKe eC-
JIN 3a/1a9a JIOKAJIM3al[ii TeKCTa Ha N300pazKeHNN PeraeTcs JOCTATOIHO YCIIEIHO, TO
3a/1a49a pacIIo3HaBaHUsI CAMUX TEKCTOBBIX CIMBOJIOB Ha MOOMJIBHBIX YCTPONCTBAX BCe

erie TpedyeT CyIEeCTBEHHOIO YJIYUIIEeHN, IPUHIMast BO BHUMaHUe 1po0JIeMbl Orpa-
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HUYEHHBIX BBIUUC/IUTEIbHBIX PECYPCOB, HEOOXOIMMOCTh paclio3HaBaTh N300parkKeHH,
3aXBavdeHHbIE KaMepaMl HI3KOI'0 KadeCTBa WU B CJOXKHBIX YCJIOBUAX, HE3ABUCUMO
OT TIeJIEBOTO asipaBuTa, A3bIKA WU CTUJIA HAIIUCAHUS W T.II.

C nosiBjieHneM yTBEpPKJIEHII 0 HEYCTONINBOCTH aJrOPUTMOB CeIMEHTAIlNN Ha
NCKaXKEHHBIX N300payKeHUsIX, CTAIHN MOSABISATHCA TTOJIX0AbI 6€3 ABHOI TTOCUMBOJILHOI
cermeHTaruu. B Hammm jgHU OOJBIIMHCTBO TaKUX I0JIXOJIOB OCHOBaHO Ha, KJIACCHU-
dbukaTopax co ckosb3dmuM oKHOM [120] U Ha peKyppeHTHBIX HEHPOHHBIX CETSAX
(PHC) [121], B gactaocT — na LSTM (cetn ¢ Gsiokamu j0/roif KpaTKOCPOTHOI
namsitin). [iaBroe npeumyriecrso PHC — ux Bo3MOXKHOCTH 06pabaThiBATh U 3aI10-
MUHATH TTOCIEI0BATE/THLHOCTH, HO OHO K€ MOYKET CTaTh HeJO0CTaTKOM, HAIpUMED, Ha
CTpOKax 0e3 sI3bIKOBBIX MOJIeJIei WM Ke TIPU IIPUMEHEHUN CETU K JIPYTOMY S3BbIKY C
TOIl »Ke IIMCbMEeHHOCThIO. JIpyroil moxo/ K pacio3HaBaHuio 0e3 cerMeHTalllul — Pac-
MO3HABAHUE CJIOBA TEJTUKOM — UMeeT JIBa CYIIEeCTBEHHBIX HEJOCTATKA: INCI0 KJIaCCOB
CTAHOBHUTCSI TUTAHTCKUM (110 YUCTY HEOOXOIMMBIX CJIOB), & TAKXKe ero HeBO3MOXKHO
IIPUMEHUTL Ha TEKCT C 3apaHee HeM3BECTHLIM HADOPOM CJIOB.

Merospr pacro3HaBaHus CTPOK 3a4acTyIO IOJICTPAMBAIOT I10J] OCOOEHHOCTH
nucbMeHHoCcTU. [Ipu 9TOM, OOJIBIIMHCTBO HMCCJIEIOBAHNUI MTPOBOJINIOCH W BCE €Ie
IIPOBOJIUTCS JIJIsI TIEYATHOT'O TEKCTa NCK/IIOUYUTE/IBHO ¢ JIATUHCKIM ajidaBuToM. B pa-
oore [122] uzyunsu npobsieMy pacrio3HaBaHUs HECKOJIBKIX aiDaBUTOB JIjIsd OaHTIA,
apabCKoro, TeJIyr'y, HemaJbCKOI'O, acCaMCKOro, KypyMyKxu u JjeBaHarapu. OHu
UCIIO/IB30BAIN HabOP MPOCTBIX KJIACCU(PUKATOPOB, BKJIIOUas T'HCTOIPAMMY OpUEH-
TUPOBAHHBIX IOJIOYKEHUI THUKcesell, ciydaiinble Jjeca, K-Onmkailmmx cocejieil n
HECKOJIBKO JIPYTHX 1M0jX0/10B. ABTOpBI pabothr [123] mpeproxkuin meron DevNet,
BKJIIOUAIOIINI B cebs HeifipoceTeBy0 apXUTEKTypy Ha OCHOBE CBEPTOYHOI HEHpPOH-
HOIl CeTH C MATHIO CBEPTOUYHBIME CJIOSAMU JIJTd 331491 PACTIO3HABAHUS PYKOINCHOTO
nesanarapu. Pabora [124] omucbiBaer BBICOKONPOU3BOAUTEIHHYIO apXUTEKTYPY Ha
OCHOBE CBEPTOYHOI HEHPOHHOI CeTH, UCHOIB3YIONLYIO T/I00aIbHOE CpeTHEB3BelIeH-
HOE O0'beIMHEHNE BBIXO/IHBIX CUTHAJIOB CETH JIJId pacdyeTa KapT aKTUBAIUI KJIacCcoB,
IPUMEHATIONTYIOCT K 3ajlade paclo3HaBaHns KUTallCKOro pyKOIIMCHOIO TeKcTa. B pa-
oore [125] mcrmosb30Ban CBEPTOTHYIO HEHPOHHYIO CETh C CAMOAJIAITUPYIOMIMCST
AJITOPUTMOM TOYHOIN HACTPONKN BBIXOIHOTO MOJHOCBI3HOTO CJIOA JJis paclo3HaBa-
HUsI PYKOIMCHOT'O TaMUJILCKOTO TTHCHMA.

Asbikn, ocHOBaHHbIE Ha apaOCKOl MUCHMEHHOCTH, MTPEJICTABISIOT OTAebHbIE
TPYJHOCTH JIJII Paclo3HaBaHUA N3-3a CBA3HOTO HAITMCAHU, & TaKyKe pa3HooOpa3us

dbopm [126]. B gacTHOCTH, OJIHO U TO YK€ CJIOBO, B 3aBUCUMOCTH OT MIPU(TA, MOKET
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OBITH HAIIMCAHO KaK C JIurarypamu, Tak u 0e3 HuxX. OJHUM 13 Haunbojiee TPYIHBIX JI/IsT
pacio3HaBaHUsI COBPEMEHHBIX SI3bIKOB SIBJISETCSA YPAY B IOUepPKe HACTAJIUK, UCIIOJIb-
3yeMblit B [lakucrane, B TOM ducjie — B JOKyYMEHTaX, YIOCTOBEPSIONNX JIMYHOCTD.

OT/ie/IbHOM IPYIIION CTOAT SI3BIKM, TJIe KOJMYECTBO KJIACCOB JIJIsi Paclio3Ha-
BaHUsl IPUBOANT JINOO K MosBIeHNI0 odeHb Tsizkeabix VMHC, nubo Kk obpaborke
HerotHOro aJipaBuTa. K TakuM sI3bIKAM, IPEXKJE BCEIO, OTHOCATCA KHUTANCKMUIl,
SIIOHCKUIT 1 Kopelickuit. [yt HUX mpejiaratoTcest HeifpocereBble MeTo bl embedded
learning [127]. OHu, mo-BUANMOMY, IPUMEHUMBI U K aJ(OaBUTHO-CJIOTOBBIM MTHCHMEH-
HoctsiM Mujuu n FOro-Bocrounoit Asun, B KOTOPBIX 9acTO 00Pa3yIOTCS JIMTATY PhI
13 HECKOJbKUX CHMBOJIOB.

B mopobHbIX 3ajladax BaykKHON IHIPOOJIEMOIl SIBJISIETCsl HEJIOCTATOYHBIH 00b-
eM JIOCTYIHBIX JIaHHBIX JIJIsi OOydeHHusl TJIyOOKHX HelipoceTeBbIX Mojeseit. s
9KCIEPUMEHTOB YaCTO WCIOJIB3YIOTC 3aKphIThie HaOOpbl jaHHbx [114]. Bakwoit
0COOEHHOCTBIO TIOJIXO0B K PACIIO3HABAHUIO CJIOYKHBIX MUCHMEHHOCTEH SABJISETCs Tie-
peroc 3Hanuii (transfer learning), mosBosstoriuii yMEHbIINTL TpeOyeMble OObEMBbI
00y4JaloNX BHIOOPOK, MOBTOPHO UCIOJIB3Ys 0OYUEeHHBIE CJION B 3a/ladax KJaccudu-
KaI[y WM cerMenTalun n3obpazkennit [123; 128; 129]. K npumepy, B pabore [129]
ncrosib3oBan jroobydenne mogean VGG-16 [32] B aBa stama s pacro3HaBaHUsT
PYKOIIMCHBIX JieBaHarapu u OaHrJia.

Ayrmenranus usobparkenuii, reHeparuBHo-coctsizaTesbibie cetu (GAN) u
ABTOKOJIMPOBIIUKN TAaKyKe MOMOraloT padoTaTh ¢ OrpaHMYeHHBIMU HabopaMu JlaH-
ubix [129; 130]. AyrMenTaliyst H03BOJIAET KCKYCCTBEHHO PACIIUPHUTH HAOOPBI JIAHHBIX,
UCIIOJIB3YS TaKHe ollepallii, KaK TPAHCIIO3UIIN, OTPayKeHne, BpallleHue, CJIBUT, Mac-
MTadupoBaHue M T.II. JJIs OI'PAHUYEHHOIO HA0Opa BXOMHBIX N300parKeHuil. TO
1oMoraeT B OOyYeHUU HAJIEXKHBIX KJACCH(UKATOPOB € OI'PAHMYEHHBIM HabOPOM
obyuatonux JaHubix. Hefiponnble cetu tuna GAN ncnosb3yroTes s TeHeparn
HOBBIX CHHTETHYECKUX JAHHBIX, OJ0OHBIM peajibHbIM JaHHbIM. Tak, B pabore [131]
ucnosibzoBan GAN st reHepanuy pyKOIMCHBIX CHUMBOJIOB JieBaHarapu. ABTO-
KOJIUPOBIINKN TaK:Ke ITPEJACTABISIIOT co0O0il TyyOOK1Me HeHpOHHBIE CeTH, KOTOPbIE
UCIIOJIB3YIOTCs JIJIst 00y YeHsI KOMIIAKTHOMY IIPEJICTAB/ICHUIO JIAHHBIX, & TaKKe JIJIsi
CO3JIaHNUs CHHTETHIECKIX JAaHHbIX. 110000 M01X0/1 neosb3oBasicsa B pabore [130]
JUTs 0OyUeHnns CBEPTOUHON HEeHpOHHOI ceTn i pacrno3HaBaHusd PYKOTMUCHBIX CHUM-
BOJIOB yp/iy. JL7s1 TTOBBITIIEHNS HAEXKHOCTU U YCTOWBOCTH, B OCOOEHHOCTH B 3a/iadax
pacro3HaBaHus PYKOIUCHOIO TEKCTa, TaKyKe HUCIOJIB3YIOTCS THOPUJIHBIE I0JIXO0/IbI

TPaJIUIIMOHHOIO MallIMHHOTO O0yYeHUsl U TUIyOOKOTo OOydYeHUsl, KaK, K IpHUMEPY,
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COBMECTHOE HCIOJIb30BaHNUe METO/Ia OMOPHBIX BeKTOpoB (Support Vector Machine,
SVM) u cBeprovHOil HEHpOHHOI ceT Jis PaCHO3HABAHUS PYKOINUCHOIO MaJiasi-
JlaMcKoro Tekcra B pabore [132]. B pabore [133] Obuia npejijiozkena KOMILIEKCHASI
HelfpoceTeBast apXuTeKTypa s paciosHaBatus pykoiucHoro rekcra HCR-Net (e
puc. 1.7), obbeauHsAOmAast B cebe MOXObI ¢ ayTMeHTAIlnell 1 [epeHoc 3HAHUIT 1715
3aJIa9N PACIIO3HABAHUS PYKOIMCHBIX BAPUAHTOM MHOYKECTBA SI3bIKOB (OaHIIA, MEeH-
JIZKabW, XUHJM, ypay, dpapcu, THOETCKOro, KaHHa a, MaJjasjiaM, TeJIyry, MapaTxu,

HEIaJ/IbCKOro, apabCKoro u jip.).
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Pucynok 1.7 — Apxurekrypa HCR-Net [133]

Cy11ecTByIOT, OJJHAKO HEKOTOPbIE U3BECTHBIE ODINE/I0CTYIIHbIE TECTOBbIE HADO-
PBI [T 3aMepa KauecTBa Paclio3HaBaHus CTPOK. JIjIsi TOUHOIo 3aMepa KauecTBa rKe-
JIATEJILHO, YTOOBI JIHOO JIATACET COCTOS 13 BhIPE3aHHBIX n300pakeruii crpok [134],
b0 B pasMeTKe NPHUCYTCTBOBaJIa NHMOPMAINA 00 OKAHMIISIOMNX IIPAMOYTOJIbHI-
Kax (MM 9eThIPeXyroJIbHUKAX) CTPOK, MHAYE B 3aMEpPbl KaueCTBA PACIO3HABAHMIS
CTPOK BMENINBAIOTCS OIMIMOKU IPEIbIIYIIIX OACHCTEM, KaK IPH SKCIEPUMEHTax
¢ SmartDoc-2015. BelimeynomsiHyTble HabOPbI JIaHHBIX COJIEPYKAT HPUMEPHI JIJIsi
JaTuauibl. s apabcKoil MICbMEHHOCTH CYIIECTBYET PsJi HAOOPOB JAHHBIX JIJIsi
pacrosHaBanusi ¢Tpok, wHarnpumep — [135]. st si3bikoB Uapnu u FOro-Bocrounoii
Asun Takrke CyIIeCTBYIOT OTAe/IbHbIe HAOOPHI JAHHBIX, HO HE BCE OHH BBLIOYKEHBI B
oTKpbIThIi joctyn [136]. B pamkax International Conference on Document Analysis
and Recognition (ICDAR) peryssipHO MpOXOJAT pa3udHble COPEBHOBAHUS, BKJIIO-
yarole B cebsi pacrnosHaBanus ctpok. B Tammange perynsipao npoxoaut National
Software Contest, rie npemocrap/asiioTcss HADOPHI JAHHBIX JJIsI TallCKOTO sI3bIKA.

B 3amno/iHeHnn medyarHbiX JOKYMEHTOB MOIYT ObITh PYKOIIMCHBIE WJIN PYKOIIe-

YaTHbIE CTPOKH. HOILXOLLI)I K HUX pacClloO3HaBaHHIO B O6H.[€M ClIydae JAeJIATCdAd Ha ABE
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MPUHIUITNAILHO pa3Hble TPYIILL: oniaiin u odduraitn moaxoasl. B nepBom ciydae,
TEKCT PACIO3HAECTCA B MOMEHT €ro HAIUCAHWA HE TOJIHLKO 10 M300payKeHWIo, HO U
10 JIBUZKEHWIO PYKU W MOPAJIKY Halmcanns cTpoku. Ho Takoil pekum He xXapakTe-
peH JiId 3ajlad paclio3HaBaHWs JJOKYMEHTOB. BTopas ke Ipynia NpUHITUITNATLHO
HE OTJIMYAETCs OT IOJIXOJ/IOB K paclio3HaBaHUIO MevYaTHBIX CTPOK. B Heil s pacto-
3HABAHUS NCIOJIB3YIOTCA T€ Ke TOJIXO/bI, 9TO ObLIN Omucanbl Bbimie. [Ipw aTom, B
pacro3HaBaHUN PYKOINCHBIX TEKCTOB CerMEHTAINsI OKa3bIBaeTCs ele Oojiee CJI0¥kK-

HOI, & MHOTJIA U MPAKTUYCCKN HeperraeMoi 3a1aveii.

1.4.3 IlocTobpaboTKa pe3yabTaTOB PACHO3HABAHUS

Pesyibrar pacrnosnaBaHusi TEKCTOBOI'O JIOKYMEHTA MOYKET COJIEPXKaTh Pa3Jind-
HbIE OIIMOKM: HEBEPHOE paclio3HaBaHUE OJHOTO WU HECKOJbKHX CHMBOJIOB CJIOBA,
OMMOKN CerMeHTalln TPAHUI] CJIOB, IYHKTYaI[MOHHBbIE OMMOKU. TOYHOCTH pac-
II0O3HABAHUsI MOYKET OBbITb IIOBBIIIEHA IIPU IHOMOIIN ITOCT-00pabOTKU pPEe3yJIbTaTOB
pacriosnaBanust. OOBIYHO AJITOPUTMbBI OCT-00PADOTKH BKJIIOYAIOT JiBa dTalla: Jle-
TEeKTUPOBaHUE OIMMOOK M JlajIbHelillee WX HWcIpaBjeHne. ale BCEro STH STallbl
TECHO CBsI3aHbI MEKJIy COOOIi: JIETeKTHPOBaHUE IIpejroaraeT oOHAPYKEHIEe MECT,
B KOTOPBIX PE3yJAbTAT PACIIO3HABAHUS HE yAOBJETBOPSAET 3aJJ0KEHHBIM B aJITOPUTM
IpaBuUiaM, HCIIPaBJeHne — BbIOOD HAMIYUIIEro BapuaHTa, YAOBJIETBOPSIONIEro IIpa-
BUJIAM.

3aJI0yKeHHbIe B aJlOPUTMbI ITOCT-00PabOTKM IpaBujia OOBIYHO HCIOJIb3YIOT
nH(MOPMAIINIO O CHHTAKCUYECKO 1 ceMaHTUIECKOI CTPYKTYpe paciio3HaBaeMbIX JTaH-
HbIX. CHHTaKCHYecKue IpaBuUjia OMUCHLIBAIOT JIOMYCTUMBbIC ¢ TOUKH 3PEHUS S3bIKA
pacro3HaBanust KoHcTpykuuu. CemMaHTHUeCcKUe IIPaBU/ia OCHOBBIBAIOTCS Ha, CMbIC-
JIOBOII MHTepIIpeTalnny JaHHbIX. TakuM o0pasoM, ¢ TOUKU 3PEHUs si3bIKa OIINOKN
MOYKHO pa3/IeJIUTh Ha Te, KOTOPbIe IPUBOAAT K IOSIBJIEHUIO HEJIOTYCTUMBIX JIJIs1 S3bI-
Ka CJIOB, U Te, KOIJIa HEBEPHBIIT Pe3y/IbTAT PACIO3HABAHUS JIOIIYCTUM JIJIs SI3bIKa&, HO
IIPOTUBOPEYUT I'PaAMMaTUYECKUM IIpaBUIaM WA KOHTEKCTY.

[Toxo/bl K aBTOMATHYIECKOI TTOCT-00pabOTKe pe3yJIbTaTOB PACIIOZHABAHUST MO-
ryT paboTaTh KakK Ha yPOBHE CHMBOJIOB, OCHOBBIBAasICh Ha CUHTAKCHUCE U CeMAHTUKE
CJIOB S3bIKa paclo3HaBaHUs, TaK U Ha yPOBHE CJIOB, YUUTbIBas CEMAHTUKY CBs3eii

pacClioSHaBa€MbIX JaHHbIX. Taxke MOryT OBITH UCIOJIb30BAHbI CMEITaHHbIe IIOAXObI.



49

K meToj1amM aBTOMATHYIECKON KOPPEKIINN, UCIIOIb3YIONUM CeMaHTUIeCKUe MTPaBUIA,
MOYKHO OTHECTH cJioBapHble MeTojbl [137]. Wcnosib3yionine KOHTEKCT TO/IX0/Ibl Ya-
1€ BCEI'O OCHOBBIBAIOTCST HA CTATUCTUUIECKHUX SI3BIKOBBIX MOJIEJISIX, MOJIEIN Iy MHOT'O
kanasta [138], N-rpammax [139]. Takzke MOryT HPUMEHSTBCS METOBI MAIIMHHOTO
obyuenusi [139], mcmosb30BaThCs BHEITHUE PECYPCBI, TaKhe Kak, HAIPUMeD, Bbl-
30B TonCKOBOfi cucrembl Google ¢ dynkuumeit mposepku opdorpadun [140] win
nekcrueckoit 6asbl ganubix WordNet [141]. Kpowme Toro, cyiecrByror moixo/s,
KOMOMHUPYIOIIIE HECKOJIBKO METOJIOB 1OCT-00paboTKu i 6ojiee TOYHOrO yUéTa,
crenmpuKN pacrio3HaBaeMbIX JIaHHBIX.

HeTexmust ommOOK pacrio3HaBaHUs P CIOBAPHOM TIOJIXOJIE 3aKJIIOTaeTCT B
BBISICHEHUW, BXOJIUT JIM PACIO3HAHHOE CJIOBO B CJIOBAPH JOMYyCTUMBIX 3Hadennii. Ha
STare KOppeKIun (hopMUPYETCs CIIUCOK BAPUAHTOB ITPABUILHOTO PACIIO3HABAHUS, U3
KOTOPOI'0 TIOTOM BbIOMpaeTcst BapuaHT ¢ HauboJibieit ornenkoii. [TocTpoenne oneHKn
COOTBETCTBUs PACIIOZHAHHOI'O CJIOBA S, U CJOBAPHOIO CJIOBA Sg MOYKET IPOU3BOINTH-
s, HaIlpUMeP, Ha OCHOBE paccTOdHUS JIeBeHITeiina win JIMHbl HauboJIbIeii obiei
TIO/TIIOCJTE/TOBATETHHOCTH.

CyroBapHbIe METO/BI JJOCTATOTHO MPOCTHI B PEATU3AINN, OJTHAKO UMEIOT P/l
orpanmdennii. Bo-nepBbIX, TpedyeTcss COCTABUTH CJ0BAPb, MOKPBIBAIONINI BCE BO3-
MOYKHBIE CJIOBa M (POPMBI CJIOB, KOTOPbIE MOTYT BCTPETUTLCSI B PACIIO3HABACMOM
TEKCTe. DTO CYIIECTBEHHO OIPAHUYNBAET IIPUMEHIMOCTH CJIOBAPHBIX METOJIOB IS
KOPPEKITNN TEKCTOB €CTECTBEHHOTO S3bIKa, OCOOEHHO JIJIs SI3BIKOB CO CJIOYKHOI MOp-
dosormaeckoit cTpykrypoit. Takzke 1pu cocTaBjeHUN cjaoBapeil TpedyeTcss IMeTh B
BUJIY BPEMEHHOI aCleKT — BO3MOYKHOCTH BOBHUKHOBEHUS B TEKCTE YCTAPEBIINX CJIOB
u cjaoBapHbix opm. Kpome Toro, cjioBapHble METO/bI HE MOJXOJAT JIJId UCIIpaB/Ie-
HUsI OIIMOOK, KOIJIa HEBEPHBIN pe3yJsibTaT paclio3HaBaHusl IIPUCYTCTBYET B cJIOBape,
OJIHAKO HE COOTBETCTBYET CUHTAKCUYECKHM IpaBUJIAM U KOHTEKCTY.

Penaknnonnoe paccrosinne MeKly CJIOBaAMU MOXKET HCIIOJIH30BATHCA B COYe-
TAHUW C OIEHKOI KOHTEKCTHOTO CXOJICTBA JIBYX MMEHOBAHHBIX CYITHOCTE, paccyu-
TBIBACMOI'O COIVIACHO HEKOTOPOIl SA3bIKOBOIT Moaean. JIaHHbIi OAX0 NCIOIb3YeTCA
JUUIsl KJIaCTepU3alliil HEBEPHO PACIO3HAHHBIX CJIOB M CJIOBOCOYETAHUIT € 1EJIbIO JIa/Th-
Heiiieil Koppekiuu ommboK pacro3naBanus [142].

Crarucrudeckne N-rpaMMHBIE MOJIEJN OCT-00PAOOTKH MOT'YT paboTaTh Kak
Ha ypoBHe cnMBoJsioB [143], Tak m ma yposHe cioB [139]. N-rpammubie mosesn
OCHOBBIBAIOTCS Ha, TTPEJIOJIOKEHIN, YTO BEPOATHOCTH BO3SHUKHOBEHUST PA3JINIHBIX

HOCJIG,ZLOB&TGJIBHOCTGIZ CUMBOJIOB MJIM CJIOB B pPacCIllO3HaBaceMbIX JdaHHBIX pPa3Hasd.
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OcHoBHBIE C/TIOKHOCTH TTpUMeHeHUsT N-rpamMM 3aK/II09aI0TCsT, BO-TIEPBLIX, B COCTABJIC-
Hun cyosapsd N-TpaMM, TO €CTh CTATUCTHYECKON MO, aJeKBATHO OTparKalomeit
0COOEHHOCTH paclo3HaBaeMbIX JaHHBIX. I yIydimeHust cTaTUCTUYeCKOl MOoJjIesn
MOTYT HPUMEHSTHCs TTOJXOAbI MaITMHHOTO OOyUYeHUs, TaKie KaK METOJ OIOPHBIX
BekTOpoB [144]. Bo-BTOpbiX, mpn Gosbiiux 3HadeHusix N CHJIBHO yBETHIHBACTCS
TPYIOEMKOCTD HCHOJIB30BaHnsA N-rpaMMHOro mojxoja. Ha mpakTuke dale BCero mc-
110J1b3y10TCst N-TpaMMbl co 3HadeHneM N He IpeBbIaionum 4.

K crarucTundeckuM MeToiaM KOPPEKINH TaKzKe OTHOCATCSI ITOIX0/Ibl, OCHOBAH-
HbIE HA MPUMEHEHNN CKPBITHIX MapKOBCKUX Mojesneit [145]. TIpu srom ncnosbsyercs
IIPEITIOJIOKEHNE O TOM, UTO BEPOATHOCTD MOABJIEHUS CUMBOJIA B CJIOBE WM CJIOBA B
TEKCTEe 3aBUCHUT OT IIPEIbIIYIIIX CHIMBOJIOB MK ¢J10B. OrpaHndIuBaioniuM (pakTopoB
HCITOJIL30BAHUS CTATUCTHICCKIX MOJI/IEeH sIBISIeTCs, BO-TIEPBBIX TO, YTO OHU 3aBUCH-
MBI OT SI3bIKa, BO-BTOPBIX, HE OYEHb XOPOIIO PAdOTAIOT ¢ TEKCTaMM, KOTOPbIE MOLYT
coJiepKaTh HEKAaHOHMYECKYI0 opdorpaduio, MyHKTyalno u T.11. JI1sg perenus 3a1a-
YU KOPPEKIUN OMMOOK B IMOJIOOHBIX YC/IOBUAX MOI'YT IPUMEHATHCS PEKYPPEHTHBIE
HefipOHHbIe ceTH, B JacTHOCTH ¢ nucnosb3oBanneM LSTM wmogeseit [146].

[Ipemnoxkennniit B [147] 1mox0/1, OCHOBBIBAIOIINIICS Ha B3BEIIEHHBIX KOHEU-
ubix mpeobpazosaressx (Weighted Finite-State Transducers, WEST), coeunsier
B cebe S3BIKOBYIO MOJEb, MOJIEe/h OIMMOOK M Mojiesib runores. [loaxon na ocHnose
WEFST nospoJsisier 1nmocTponTh ajaropuT™ KOPPEKIHH Pe3yJibTaToB paclio3HABaHUSI,
HEe 3aTOYCHHBII M3HAYAJIBHO I10JI CIeNMMUKY paclo3HaBacMbIX JAHHBIX, a aJall-
TUPYEMBIil IIyTEM HU3MEHEHUsI CEeMAHTUYEeCKUX U CHHTaKCHYecKnX mnpaBui. OJIHAKO
CJIO’KHOCTB MCIIOJIb30BAHUsT TOI0 IIOJX0/Ia MOXKET 3aKJ/II0UaThCd B HEOOXOIMMOCTH
nMeTh MHMOPMAIINIO O PACIIPEJICJICHUN OICHOK MPUHAJIJIEZKHOCTH CUMBOJIOB K KJIac-
caM paclo3HaBaHUs (JJIs1 MOJIeJM TUIIOTE3), HO 3a9acTyio 9TOoil HHMOPMAIUA HET
Ha BBIXOJI€ PACIO3HABAaHUS. KIME OIHUM HETO0CTATKOM IOJIXOJa SBJIAETCA BBICOKAs
TPYJA0EMKOCTh TIOMCKA ONTHMAJILHOTO IIyTH B IIpeobOpaszoBaTesie B CIydae eCcjn Ko-
JINPYEMBbIii sI3bIK CJI0XKHBIH. Kpome Toro, mocrpoenue oOIeil si3bIKOBOM MO B
BI1JIe B3BEIIEHHOIO KOHEYHOI'O IIpeodpasoBaTe/isi B HEKOTOPBIX CJIydasx TaK:Ke MO-
JKeT OBITH JIOCTATOYHO CJIOXKHBIM.

Boslee mpocTbiM i1 paciiupeHus MW HUMIIEMEHTAIln, XOTh U MeHee 00-
IIAM, SABJIFIETCS IOAXOM, IIPU KOTOPOM SA3BIKOBas MOJEIb IIPEACTaBJSIeTCS B BHUIE
nposepstolieil rpammMaTuki. B 9ToM ciydae 3aja4a 1mocT-o0paboTKI pe3ybTaToB
pacro3HaBaHUsT CBOAUTCS K 3aJiade MUCKpeTHoil onruMmusarmn. B [148] mperiaraet-

¢ 9PHEKTUBHBIN AJTOPUTM €€ PeIeHus .



ol

B nacrositiiee Bpemst HaOJIIO/IA€TCsT TEHJICHINST K TPUMEHEHUI0 KOMILIEKCHBIX
IOJIXO/IOB K JIETEKIINN U KOPPEKINN OIMMNOOK pacliO3HABaHUsI, MHOTHE M3 KOTOPbIX
HCIIOJIb3YIOT HEHPOHHBIE CETH U METOJIbI MAITMHHOTO 00YYeHU JIJIst TOJICTPONKN aJl-
FOPUTMOB TTOCT-00pabOTKM 110/1 paciio3HaBaeMble JlaHHble. BmecTe ¢ TeM ocTaéres
AaKTYyaJIbHBIM HCIIOJIb30BaHne OOJIBIINX KOPIIYCOB JaHHBIX, Takux Kak Google Web
1T, Google Book u apyrux, jijst IOCTPOEHUsT si3bIKOBBIX Mojiesieil. B cuiy mmpo-
KOI'0 PacIpOCTpaHeHUs TEXHOJOTHIl aBTOMATHIECKOTO PACIIO3HABAHUS TEKCTOBLIX
JIOKYMEHTOB U, KaK Pe3y/IbTaT, BLICOKON BapUMATUBHOCTH JIAHHBIX OOJIBINON HHTEpEeC
HPEJICTABJIAIOT TOJIX0/bI, 00JIa aloNne CBOMCTBOM aJIallTUBHOCTH, TO €CTh JIAloIIe
BO3MOYKHOCTb JIETKO IOJICTPOUTDH aJrOPUTM JIETEKIINH U KOPPEKIUU Pe3yJIbTaTOB Pac-

no3HaBaHus 06e3 M3MEeHeHUsT Mojesn Ieankom [148].

1.5 IIpumeHeHUE METO/IOB aHAJN3A W PACIIO3HABAHUA M300pakeHmit
JOKYMEHTOB

PaccmoTpnm HecKoJIbKO clienapueB MPUMEHEHNsT TeXHOJOTHI pacrio3naBaHnsd

H306pa}K€HI/IH JOKYMEHTOB.

1.5.1 WN3BaedeHme aTpudyTOB

Haubosee BocrpeboBaHHBIM clieHapreM 00pabOTKH pe3yJIbTaTOB paclioO3HaHUs
JTOKYMEHTOB SIBJISIETCSI M3BJI€UEHIEe aTpUOyTOB (TEKCTOBBIX MM IpaUIecKux Io-
Jieit). VI3BJiedeHHble JaHHBIE [IEPeIAlOTCs B CHCTEMY JI0KyMeHToobopoTa. Harmpumep,
n3jiedeHHbIe aTPUOYTHI BMECTe ¢ M300PaykKeHneM MOTYT COXPAHSITHhCS B 3JIEKTPOH-
HOM apXIBe.

Jtst IoncKa rpaHuil moJieit JOKyMEeHTOB ¢ M3BECTHO MeOMEeTPUIECKO CTPYKTY-
POt MOI'YT OBITH HCIIOJb30BAHBI METOMIBI CEMMEHTAIIMI TEKCTOB Ha OCHOBE OIMCAHIMI
(rrabstonos). Tak, B pabote [149] onncano mpuMeHeHne TPEXCTPOIHOTO MIabIOHA JIJIsT
BbIJICJIEHNsT TEKCTOBBIX TI0JIefl P paciio3HaBaHUN ODAHKOBCKHUX KapT.

st 1oKyMeHTOB ¢ Oojiee THOKOII CTPYKTYpPOH MOYKHO ITPUMEHSIIOTCS AJIro-

purmbl Kjacca «text in the wildy, ne mcnonwsyionue ampuopnoit mHMGOPMAIUN
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O TeOMeTPHUH JJOKyMeHTa. TakKwme aJropuTMbl MOTYT ObITH pean30Balbl KakK C T10-
MOITBIO MCKYCCTBEHHBIX HEHPOHHBIX cerefi [150], Tak m KJIACCHYIECKUX METOJIOB
obpaboTkn m3obpazkenuit [151], a Tak:ke nx KOMOHHAIWN.

B pabore [152| nocrapiiena 3ajiaua cerMeHTAIIUI COCTABHOTO OOBEKTA, € U3BECT-
HBIMI OIPAHHIEHUSIMI Ha B3ANMHOE DACIIOJIOXKEHUE ero 3jieMeHToB. B pabore [153]
paccMaTpuBaeTCs cjaydail, Korja rpad orpaHudeHHil dBJIsIeTCs MPOCTOI IEIbIo, 1
C TIOMOIIIBIO JTUHAMITIECKOTO ITPOrPAMMUPOBAHNS MTPOBOJNUTCS TTOUCK T'PAHUIL MTOJIei
11t ID-JI0KYMEHTOB 1 aBTOMOOUIBHBIX HOMEPOB.

[Tocie naxoxjienusi TpaHuIl MO/ TPOBOJUTCSA PACIO3HABAHIE COJIEPIKAIINXCS
B 1oJie CcTpOK. Pacro3nHaBaHue 3aBUCUT OT aTpUOYTOB I10JI€, TAKUX KaK aJiaBur,
THUIT TIOCTOOPAOOTKH, MPU3HAK [TeYaTHOIO WM PYKOIMCHOrO 1oJid. J[is Bcex Tumon
JIOKYMEHTOB ITpU HAXOKJIEHUN TaOJIUIBI U3 KaXKI0N SIeiiKi TabInIbl M3BIEKAIOTC
TEKCTOBOE 3HaUEHE.

st m3Bedenns moJieil n3 n300paykeHuil JJOKyMeHTa CO CJI0XKHOI CTPYKTY-
pOIil, HAIIPUMED, MUCEM B TPOU3BOJILHOIN (hOpMe, MOI'YT OBITH IIPUMEHEHBI AJITOPUTMbI
U3BJIEUYeHUs JJAHHBIX B pacno3nanubix ¢ nmomolbio OCR tekcrax. B kadecTse n3siie-
KaeMbIX U3 TEKCTOB JAHHBIX OOBIYHO BBICTYIAIOT CJIEJIYIONINE 00 bEKTHI:

— BHAYNMBIN OOBLEKT: UM TepCOHANN, Ha3BaHWe KOMIAHUW W TIP. JJId HO-
BOCTHBIX COOOITIEHMIT, TEPMUH TTPEJMETHOH 00JIaCTH CIIeNUaIbHOTO TEKCTa,
CCbLIIKA Ha JINTEPATYPY JIJIs HAYyUYHO-TEXHUIECKUX JTOKYMEHTOB U T. JI.;

— arpudyThl 00BEKTA, JOMOJHUTEIHHO XapaKTepU3yIoliue ero, HallpuMep, Jijisi
KOMIIAHUU 3TO IOPUJINUECKIiT ajipec, TejiepOoH, UMs PYKOBOJIUTE/IS 1 T.IL.;

— OTHOIIIEHNE MEXKTy 00bEeKTaMU: K IPUMepPY, OTHOIIEHNE «ObITh BIAIEIBIIEM »
CBS3BIBAET KOMITAHUIO W TIEPCOHY-BIAJIEIbIIA, «OBITh YaCThIO» COEJIMHIAET
bakyapTeT U YHUBEPCHUTET;

— cobbITHE/(DAKT, CBSI3BIBAIOIIEE HECKOJBKO OOBEKTOB, HAIPUMEpD, COObITHE
«IIPOIILJIA BCTPEYay BKJIIOUYAET YUACTHUKOB BCTPEUN, & TAKYKe MECTO U BPeMsi
ee IIPOBE/ICHUS.

3BecTHDBI ClleTyToNTe OCHOBHBIE CIIOCOOLI M3BJIeUEHUs JAHHbBIX:

— pacrio3HaBaHue U M3BJIeUYeHNe NMEHOBAHHBIX CyIiHOCTel (named entities);

— BbIJEIeHNE aTprOyTOB (attributes) 0OBLEKTOB 1 CeMAHTUICCKIX OTHOIICHHI
(relations) mex ity HEMHE;

— usBjiedeHre GaKkToB U cOOBITHI (events), OXBATBIBAIOIINX HECKOJIBKO X I1a-

paMeTpoB (aTpuOyTOB).
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1.5.2 CpaBHeHUe U IIPOBEPKAa JTOKYMEHTOB

Bajilava cpaBHEHUs] M300paKeHnii JJIOKYMEHTOB CTAHOBUTCS aKTyaJIbHOI IIpu
IIPOBEPKE KOPPEKTHOCTU IOIINCAHHBIX OyMarKHbIX JOKYMEHTOB, HallpUMep, IIpu
MOJIIUCAHUN JIByMsI CTOPOHAMHU JIOrOBOpOB u corjamienuit [154]. B srom ciyuae
TpedyeTcs MOPOOHBIN aHaIn3 COJEPKUMOr0 JIOKYMEHTa, TaK KaK M3MeHEeHUe Taze
OJTHOTO CHUMBOJIa MOYKET CTaTh KPUTHUIHBIM JJIsl OCIIAPUBAHUS CIEJIK.

Bosmorknabie n3aMenenns JOKyMeHTa MOT'YT OTHOCUTBHCS KaK K COJIEPyKAHUIO JI0-
KyMEeHTa, Tak 1 K 0DOPMJIEHIIO TOKyMeHTa (CTu/h mpudTa, MBeT U pa3sMep TeKCTa),
IPOCTPAHCTBEHHOMY PACIIOJIOZKEHIIO 9JIEMEHTOB (DACCTOsTHIE MEXKy CTPOKAMH).
Bosmoxkno jgobaBienne n yjajgeHue 3JIEeMEHTOB COJAEPXKUMOTO, BKJIIOYasi TEKCT, PU-
CYHKH, TpaduKu, Tab/IUIIbI, PYKOIICHOE 3al0THeHNe (TIOMETKI, MOJINCH ), eYaTH.

OJHUM U3 TOJIXOJI0B K CPABHEHHIO JIBYX M300pakKeHuil JOKYMEHTOB SIBJISIET-
¢ UCIOJIb30BaHKe paciio3HaBanmst. CaMbIM IIPOCTBIM METOJIOM CPABHEHUS SIBJISIETCS
pacro3HaBaHue Tekcra ¢ ucnosib3opanneM OCR ¢ moc/eayonmM ncioab30BaHueM
POrPAMMHBIX YTHJIUT (K IpuMepy, yTuinThbl diff) Ha OCHOBe aJrOpUTMa HAXOXK e
Hust Hanbosibiteil obmieit nocienosarebrocT (LCS) it cpaBHEHUsT Pe3YJILTATOB
pacrosHaBanus JBYyX JoKyMmeHToB [155|. Hemocrarkamu takoro Meroja siBJISIIOTCSI
O0JIBIIIOE KOJIMIECTBO JIOXKHBIX cpadaThIBAHUI N3-3a OIMIMOOK paclio3HABAHUS U 11OTE-
pst uHOpMalnn o mpudTe, IIBeTe U pasMepe TekcTa. TakyKe paclio3HaBaHUE TEKCTa
HE MOKET OBbITb HCIIOJIB30BAHO JIjIsI CPaBHEHHUs Iedareil, n300parKeHuil u JIpyrux
HETEKCTOBBIX 3JIEMEHTOB, IIPUCYTCTBYIOMNX Ha M300ParKeHUSIX JTOKYMEHTOB.

JpyruM mojixo/1oM, He UCIOJIb3YIONNM PACIIO3HABAHIE CHMBOJIOB, SABJISIETCS
HCIIOJIL30BAHUE JIECKPUIITOPOB C IIPeIBapUTEILHOM cerMmenTalineil TekcTa Ha CTPOKHN.
B pa6orax [154] ucnospzosanucs dense SIFT geckpunropsr. Takke MOKET UCIIOJb-
30BaThCs CerMEHTalldsl M300pazkKeHusl JOKYMEHTa He TOJIbKO Ha CTPOKM, HO U Ha
CUMBOJIBI, KaK TpejiozkeHo B pabore [156]. Pesynbrarel, mpejcraBientbe B 9O
paboTe, MOKA3bIBAIOT, YTO IPEII0XKEHHBIII METO, MOXKET oOpadaThiBaTh M300parke-
HUsT MHOT'OSI3BIYHBIX JIOKYMEHTOB C PA3JIMUHBIM pa3pelleHreM U Pa3sMepoM mpudTa.

Eme oMM MeTOJIoOM CpaBHEHUs W300payKeHUi JIOKYMEHTOB, SIBJISAETCA WC-
MOJIb30BaHNe BU3YAJbHOI CXOXKeCTH JOKyMeHTOB. B pabore [157| mist cpaBHenus
JIOKYMEHTOB IIpeJjjlaraeTcsl UCI0J/Ib30BaTh BU3YAJIbHYIO0 MePYy CXOXKECTH, JIJIs 110jIcde-
Ta KOTOPOIt NCITOJIBL3YeTCA MaKeT JIOKYMEHTa 1 XapaKTePUCTUKN TEKCTa, IOy YeHHbIe

U3 TEKCTOBLIX IIPHUMHTHUBOB: CJO2KHOCTbL TEKCTOBOI'O 6.HOKa, OCHOBaHHasd Ha IHTPO-
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UM, U HAIJISHOCTh, UMEIOIasl JIeJI0 C YKUPHOCThIO mIipudTa. JTa Mepa CXOXKEeCTH
n300parkKeHnil JIOKYMEHTOB MOYKET HCIIOJIb30BAThCsS I KJIACCU(UKAIIMI JIOKYMEeH-
TOB M BBIJAYN TIOXOXKHMX JIOKYMEHTOB ITPU IIOMCKE.

Eme onnoit 3ajaveil cpaBHeHU JOKYMEHTOB $IBJISETCS TOWCK JyOJIMKATOB
WIK TOYTH JyOJUKATOB, HAIIPUMEP, IPH IIOCTPOEHUHN OOJILIINX HAOOPOB JIAHHBIX,
KOPITYCOB JIOKYMEHTOB. B 9TOM ciiydae MOTyT OBITh PACCMOTPEHBI Pa3HbIE OlIpe/ie/ie-
Husi yOIMKaToB. B HEKOTOPBIX ciiydasiX JyOJimKaTaMyd MOIYT Ha3bIBATbCS BEPCUU
JTOKYMEHTa, MOJydeHHble B pasHbix ycjaosusax [158]. Tlouru myGimkatamu mMoryT
CUNTATbHCS, HAIIPUMEDP, N300parkeHud C OJMHAKOBBIM TEKCTOBBIM HallOJIHEHHEM, HO
pasHBIMU PYKONUCHBIME TToMeTKamu [159).

Taxkoke K 3aj1ade cpaBHEHUs N300parkKeHuil JOKYMEHTOB MOXKHO OTHECTH OITpe-
JleJIEHIE TOT0, SABJISIeTCs JIM N300parKeHue MOIeIKON 110 IMEIOIIEMY 3apaHee Habopy
nanubix [160; 161]. PacemarpuBaiorest n300pazkeHns: JOKYMEHTOB, MOCTYITAIOIIIX
U3 OJHOTO HMCTOYHMKA, HAIPUMED, cUeTa W3 IOJUKJIMHUKH, IJIaTeXKHbIe BEIOMO-
CTH, pacueTHble JUCTHI U T.J. Takme JOKYMEHTHI He COJEPKAT IOIOJHUTEIbHBIX
CPEJICTB 3AINTHI (TAKUX KAaK BOJSHBIE 3HAKHM), HO MPH 9TOM HUMEIOT CXOXKYIO CTPYK-
Typy. [lo umeromemycs HaboOPy MOJAJINHHBIX JOKYMEHTOB, KOTOPbII pacCMaTpPUBaeTCs
KaK oIpejeseHHas o0ydarolasi BIOOPKa, BBIABJISIIOTCA PU3HAKN WM 0COOEHHOCTH
JIAHHBIX U300pakKeHuii JoKyMmeHToB. Jlajiee Ha BXOJ aJrOPUTMY IIOCTYIIAeT HEKOTO-
poe u3o0pazkKeHne U HeOOXOAUMO YCTAHOBUTD, SIBJISETCS JIM OHO IOJJeJIbHBIM. DTO
OCYIIECTBJISIETCS TIyTEeM BBISIBJIEHNUA ONpPeJIe/IEHHBIX 0COOEHHOCTEN Y BXOIHOTO N300~
parkeHusl U CpaBHEHUsI UX C TEMU, KOTOPbIe ObLIKM BbIsIBJIEHBI Y HabOpa, MOJIIMHHBIX
JlokyMeHTOB. Hambosiee BaKHBIM HCKazKeHUEM, KOTOPOE sIBJISICTCS B IIEHTPE BHUMA-
Hust paboTsl [160], sBIIsteTCst HEpaBHOMEPHOE BEPTUKAJIBHOE MACIITAOUPOBAHUE TIPH
MOBTOPHOII TTl€9IaT OTCKAHNPOBAHHOTO JOKyMeHTa. B pabore [161] mpemioken mos-
XO/JI JIJII BbIPABHUBAHUS JOKYMEHTOB, ITOCTYHAIONINX U3 OJHOTO NCTOYHUKA.

O61eit 1pobJiemoii pabOT 1O OOHAPYKEHUIO HOJIJIEIOK SIBJISIETCS OTCYTCTBUE
1yOJIMIHOrO HabOpa, JaHHBIX JJIsl OIIEHKU aJIrOPUTMOB. Bo-1IepBBIX, €CTeCTBEHHO, YTO
MOIIIEHHUKHU HE XOTSAT PacKpbIBaTh CBOM METO/BI M BUJIbI I10JIJICJIOK, KOTOPbIE OBLIN
MU ¢JleJIaHbl. A BO-BTOPBIX, OOJIBIIIITHCTBO JIOKYMEHTOB, KOTOPBIE ITOIBEPTAIOTCS MO-
JUUKALIAM, COJIEPKAT JUIHYI0 HHPOPMAIINIO U SIBJIAIOTCS KOH(MUIEHINAIbHBIMU.
B [162] aBropsl permiu 5Ty 1pobsieMy, CHHTE3UPOBAB ‘peaibHble”  JIOKYMeH-
ThI, KOTOPBIE BIIOCJIEJICTBUM OBLIN IIOJJIe/IaHbl JoOpoBoJibliaMu. IIpejcraBieHHbI

yOIMIHBI HAOOD JAHHBIX, COCTABJICH M3 Kopiyca 477 mojyielanHbix (MOInpDUIm-
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Pucynok 1.8 — Ilpumep nomienantoro (MoanduipoBaHHOrO) H300pazkKeHust T11a~

TeXKHOI BegomocTn [162).

1.5.3 Pacmnio3zHaBaHue JOKYMEHTOB, y/IOCTOBEPSIONIUX JUIHOCTD

Cpesin GoraToro pasHooOpas3usi KJacCoB JOKYMEHTOB, YIOCTOBEPEHUE JINd-
HOCTU WT'PaeT BayKHEHIIyI0 poJib, W JJId YCIENIHOI0 MPUMEHEHUsl CHUCTEM pacIo-
3HaBaHUsI JOKYMEHTOB OOIIEro HasHadeHUsl K TaKoil 3ajlade 3a4acTyio TPeOyITCs
3HAYUTE/IbHBIE JOPAOOTKU U YCOBEPIIEHCTBOBAHMUSI. JTO CBSI3aHO C TeM, YTO JIJIsi

YCITEIITHOTO PACIO3HABaHUS U aHAJIM3a TaKUX JOKYMEHTOB TpeOyeTcs yUIUTHIBATH
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OO0JIBITIOE KOJIMYECTBO JIOTOJHUTEIHLHON HH(MOPMAIUN O JIOKYMEHTE, TP 3TOM B Iie-
JIEBBIX CHCTEMaxX TpeOOBaHUs K KadecTBY W CKOPOCTH WCIIOJTHEHW, KaK ITPaBIIIO,
BBIIIE, YeM JIJIsd JIOKYMEHTOB JIpYyTuX KjaccoB. CHCTEMbI JIJIsi paclio3HaBaHUS Y0~
CTOBEPEHUl JIMTIHOCTH OIMPAIOTCS KaK Ha KJIACCHUYECKHEe METO/Ibl KOMIIbIOTEPHOI'O
3peHus 1 aHa/IM3a N300parkeHuil JOKYMEHTOB, TaK U Ha IOC/AeHNEe JOCTHKEHUs B
00J1aCTU MAIIMHHOIO 00y4eHusi 1 IJIyOOKOro o0ydeHus .

3aj1a1a aBTOMATHIECKOTO U3BJI€UEHUS JTAHHBIX 13 N300parkeHwil TOKYMEHTOB,
YJIOCTOBEPSIONINX JUIHOCTD, CTaJa MPeMETOM AKTUBHOIO H3YyUYEHUT HAYUHAS C
2000-x, B 9acTHOCTH, 9TOOBI 00ecednTh OoJiee 3(hPEKTUBHBIN BBOJ| JAHHBIX U MTPO-
BEPKY JINYHOI MHQOPMAIMKE IPU PErUCTPAIE B TOCTUHHUIE, MTOCAJIKE B CaMOJIET
u 1.7 [163|. Xorsd m3HAYATBHO OCHOBHBIME CIIOCOOAMN BBOJA OBLIN IIAHIICTHBIE
U CIIeNUAJIN3NPOBAHHbIE CKaHEPHI, pACIIO3HaBaHUE JTOKYMEHTOB C ITOMOIILIO KaMmep
cTasI0 0COOEHHO aKTyaJbHO B Tedenne nocieannx 10 et [164] Giaromapst mmpoko-
My PACIPOCTPAHEHUIO MOPTATUBHBIX KaMep U MOOWILHBIX YCTPOHCTB, HAIPUMED,
cMapTHOHOB.

B tedenue mocsieHuX JieT ObLI OIMYyOJMKOBAaH PsiJi PabOT, B KOTOPBIX OIIM-
CBIBAIOTCS CHUCTEMBI U TIOJXOJIbI K PACIIO3HABAHUIO JOKYMEHTOB, Y/IOCTOBEPSIIONINX
mrarocTh. B [163| paccmarpuBaercst 3ajiada pacio3HaBaHUs yIOCTOBEPEHUIT JTUTHO-
CTH Ha M300parKeHnsix, MOJYIeHHbIX ¢ IIOMOIIBIO MJIAHIIIETHOrO cKaHepa. JlJokyMmenT
ODHAPY2KIBaEeTCsI 1 BhIPABHUBAETCSI C IIOMOIIBIO IIpeoOpasoBaHus Xada, a olpe-
JleJIeHUe THUla JIOKYMEHTa, BBIINOJIHAETCS C MOMOIIBI0 KJiacCuUKAIMN Ha OCHOBE
1[BeTOBOIT rucrorpaMMbl. OOHapY2KeHNEe TEKCTa OCYIIECTB/ISIETCSI TOMOIIBIO aHAJIIT3a,
CBSI3AHHBIX KOMIIOHEHTOB, & Paclio3HaBaHne TEKCTa — C MMOMOIIBIO OMHAPU30BAHHBIX
TEKCTOBBIX 0ObJiacTell ¢ MoC/IeayoIIell MocToOPadOTKOM NCIIOIb3YsT T€OMETPUICCKUIT
1 JINHIBUCTHYIECKUIT KOHTEKCT.

B paborax [165], [166] u [167] omucanbl cucTeMbl pacro3HaABAHUST WHIOHE3UI-
cKuX yjocroBepenuit jimanocru. [logxon, onmcannbiii B [165], npennasunaden jyist
JIOKYMEHTOB, 3alledaT/IeHHbIX C ITOMOIIbIO KaMephbl. DTallbl 00PabOTKI BKJIIOYAIOT
MacIiTabupoBanue, npeodpa3oBaHue B OTTEHKU Ceporo u OMHapU3alllio M300parke-
HUIl JOKYMEHTOB, Bbljie/ieHne o0j1acTeil TeKCTa ¢ TMOMOIIBIO aHan3a CBI3aHHbIX
KOMITOHEHTOB, CEI'MEHTAIINI0O TEKCTOBBIX CTPOK Ha OCHOBE THCTOIDAMM U PacIo-
sHaBaHue Tekcra B mmabjaone. B [166], cuMBOJIBI MHIOHE3UHCKUX YJOCTOBEPEHUIT
JIMIHOCTH pactiosHaBanck ¢ noMoriblo CNN (cBepTouHBIX HEHpOHHBIX cereii) u
SVM (MamnmmHbl OMOPHBIX BEKTOPOB) € MpejBapuTesibHON 00paboTkoil. Cucrema,

ormcannasi B [167], BKto9aeT criiakuBaHne Kak OJINH U3 9TAIOB [IPE[BAPUTETHHOM
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00paboTKN M300pazKeHusi, MopdoIorniecKre ornepaiun Jjisi OOHapyKeHUsT TEeKCTO-
BBIX TOJIEfH, a /Il PACIIO3HABAHUS TEKCTOBBIX CTPOK mcrmojib3yercs Tesseract [119).
B [92| amajoruvnblil 0X0/ ONUCAH /IS PACIO3HABAHUS UTAJBSHCKUX JIOKYMEH-
TOB, YJIOCTOBEPAIONINX JINYHOCTD, C IIOMOIIBI0 Kamepbl. OJIHAKO, B KavecTBe dTalla,
peBapuTeIbHON 00paboTKN JIjIsi OOHAPY KEeHUsT U PACIIO3HABAHUS JJOKYMEHTOB HC-
[0JIB3YeTCsT OOHAPY KEeHNEe W aHAJN3 BEPIINH ¢ KaaccuuKaimeil TUia JOKYMeHTa,
¢ momortipio CNN.

B paborax [168] n [169] ommcamnbl cucTeMbl 0OHADYKEHUsT U PACIO3HABAHIST
TEKCTOBBIX I0JIeil BbETHAMCKUX JIOKYMEHTOB, YJIOCTOBEPSIONINX JIMTIHOCTH. DTa-
bl TIpejiBapuTesibHOil 00paborku B [169] BK/IOUarOT npeobpasoBaHie B OTTEHKH
Ceporo, KOPPEeKINIo HaKJIOHA, CIJIayKuBaHMe U OMHAPHU3AIUIO, & TEeKCTOBBIE I0JIS
OIIPEIEISIIOTCSI OTIEIbHO: HOMED YIOCTOBEPEHHS JIMTHOCTH JeTeKTHPYETCsT Ha, OIHOI
CTOPOHE JOKYMEHTA, & aHAJN3 CTPYKTYPbI TaOIHIIILI IPOBOINTCS Ha JPYTOil CTOPOHE.
Dral npeaBapuTesibHON 00paboTki m300pazkerust B [168| BK/tOYaeT MPOEKTHBHOE
1peodOpa3oBaHne Ha OCHOBE OOHAPYXKEHHBIX YIVIOB JIOKYMEHTa Ha H300parKeHUH,
IIOJIYIEHHOM C ITOMOIIBIO KaMephl, KJIACCUPUKAINIO YIVIOB U T'€OMETPUUECKYIO IB-
puctuky. B [168] ucrosibsyercst SSD Mobilenet V2 [170] miist obHapyKeHust TeKcTa,
a apxurekrypa Attention OCR [171]| — jist pacriosHaBaHus TEKCTOBBIX CTPOK.

B paborax [172], [173] u [174] onucamsl cucTeMbl paciio3HaBaHus JOKYMEHTOB,
YJIOCTOBEPSIONINX JIMYHOCTD, B YaCTHOCTH, PACCMaTPUBAJINCH KUTAMCKNUE YI0CTOBE-
PEHUST JIMIHOCTH, N300PazKeHUsT KOTOPBIX MOJIYUEHbI ¢ IIOMOINbIO KaMepbl. CucTeMbl
BKJIIOYAIOT KOPPEKIINIO HAKJIOHA C IIOMOIIBIO IIpeodpa3oBanus Xada, [peaBapuTe/ib-
HY10 00pabOTKY N300parkeHuil JJIOKyMEHTOB — KOPPEKITUIO SPKOCTH U ITPeodpa3oBaHne
B OTTEKN CEpOro, OOHApYrKeHIe IMPOEKINil 1 TeKcTa Ha OCHOBE MOPMOJIOTHH U Pac-
noznasanne Tekcra ¢ nomorbio CNN [172; 173], smbo ma ocnoBe SVM u meroja
cpaBHeHust ¢ drajoHom [174]. Omnpejesnenne Tumna JoKyMeHTa, omnucanuoe B [172],
olnupaeTcs Ha OOHApYKEHHE HAIMOHAJBHBIX I'epOOB C IOMOIIbIO ITPU3HAKOB Xa-
apa U JIeTeKTOpa Ha OCHOBe ajroputMa Maimmauoro odydennss AdaBoost (Adaptive
Boosting).

B pabore [93] ommcana cucrema aHamm3a JOKYMEHTOB, YIOCTOBEPSIONINX
JIMYHOCTD, 3PEKTUBHOCTL KOTOPOIl Oblja olleHeHa B OTHOIIEHUN KOJYMOUNHCKIX
ID-kapt. Ilesbio onmcanHoro MoAX0/1a ABJIAeTCA TPOBEPKA, IOIMHHOCTH YI0CTOBEPE-
Hus quaroctr. [lomxo s BkovaeT ynanenne poHa ¢ TOMOIIBIO TJIYOOKOTO 00y YeHusd,
olpejie/ieHne yIJIOB U KOHTYPOB JJIsI IPOEKTHBHOIO IIPEOOPA30BAHNUsI, HPOBEPKY

APKOCTHU, TUCTOIPAMMBI I'paJIalliil ceporo, JACTEKIUIO JUIA, CBA3aHHBIC IIBETOBbIE
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KOMIIOHEHTBI 1 CTPYKTYPHbIE MapKepbl i ayTeHTH(DUKAINNA ([TPOBEPKU OJIJTIH-
HOCTH) JIOKYMEHTA.

Bazkneiimeii mpobJieMoil ncciie/loBaHus HOBBIX METOJIOB W aJIOPUTMOB 00-
pPabOTKM JIOKYMEHTOB, YJIOCTOBEPSIONINX JIMYHOCTD, SABJIAETCS HAJUINE OTKPBITHIX
nataceToB. [IoCKONBKY JTIOKYMEHTBI, yIOCTOBEPSAIONINE JIMIHOCTD, COJIepXKaT Mepco-
HAJIBHYTIO NH(OPMAIUIO, MyOJTMIHBIX JATACETOB, COCTOSAIINX 3 PEAbHBIX JOKYMEH-
TOB, He cymecTByeT. [losTomMy 4TOOBI 0OecednTh BOCIPOU3BOAUMOCTDH HAyUIHBIX
HCCIe/IOBaHII B TeUeHNe MOCJIEIHAX JIET CO3/IAI0TCs U ITYOJIMKYIOTCS CHHTETHIECKIEe
JlaTaceThl yjocToBepennit mnanoctn. Tak, cymectByer Brazilian Identity Document
Dataset (BID Dataset) [113|, cocrostiuit 13 m300pazkeHnit OpasuaIbCKIX yI0CTOBE-
peHuil TUIHOCTH C PA3MBITHIMI TTEPCOHATBHBIMI JAHHBIMU, TJIe 3all0JTHEHNe MoJIeit
cuHTe3upoBano. HekoTopble garaceTbl ObLIM CO3/IaHbI CIIEIUAILHO IS 3a/1aU1 Pac-
MO3HABAHNUA JIOKYMEHTOB, YJIOCTOBEPAIONINX JIMYHOCTH, HAIpUMep, 0as3a JaHHbIX
LRDE Identity Document Image Database (LRDE IDID) [175]. Bojee mupoxue
JATaceThl JIJIsI AHAIN3a JIOKYMEHTOB B 1iejioM, Hampumep, SmartDoc family [176],
TaKXKe COJIEPZKAT MPUMEPDHI JJOKYMEHTOB, YIOCTOBEPSIONINX JINUHOCTD.

XOTsI MeTO/BI, UCHOJIB3YEMbIE B OTJCIBHBIX dTarax 00pabOTKU, OTJINYAIOTCS
CPeI CHCTEM, B TIEJIOM IOJXOJbl U WJIEN JIOBOJBHO TOXOXKH. THImIHas CHCTeMa,
pacrio3HaBaHust JJOKYMEHTOB, Y/JO0CTOBEPSIONIINX JTUIHOCTh, COCTOUT U3 CJIEJLYIONINX
sranoB (cMm. puc. 1.9):

1. TlpenBapuresnbHas 0b6pabOTKa BXOJIHOIO M300parKeHUsl. DTOT STAIl BKJIIO-
yaeT o0IIye Iaru IpeIBapuTebHOl 00pabOTKI n300paskKeHnsl, TaKue Kak
MacIITabupoBaHe WK Ipeodpa3oBaHue IBETOBOI CXeMbl, yiaJjeHue (oHa,
obHapy?KeHIe KOHTYPOB, KpaeB W yIJIOB UM CeMaHTUYeCKas CerMeHTAIM.

2. Ilonroroka obpasza JloKyMeHTa. [IpuMeHSIOTCsS reoMerpudecKas KOppeK-
st (peKTHGUKAINS — KOPPEKINs HAKJIOHA, ITPOEKIIMOHHbIE TPeobpa3oBa-
HUsT), KOPPEKIUsI SIPKOCTU U T.JI.

3. V3Biievenne TEKCTOBBIX IMOJIEH U JPYTUX BarKHBIX 9JIEMEHTOB JTOKYMEHTOB,
YJIOCTOBEPSIONINX JITYHOCTDh, TAKMX Kak (poTorpadus Juia.

4. TlpenpapuresbHast 06pabOTKa TEKCTOBBIX MOJiefi (HalpuMep, GUHADI3AIUST
1 KOPPEKIHsi HAKJIOHA), CEIMEHTAIMsT HA CHMBOJIbI, PACIIO3HABAHUE U IO-

cTOOPADOTKA C UCIIOJIL30BAHUEM $SI3BIKOBBIX MO/IEJICIH.
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BxogHoe Mpeas. MogroTtoBka N3Bne4veHne PacnosHaBaHue
n3obpaxeHne obpaboTka n3obpaxeHus nonem TekcTa
4 \ ) O ) O
YA?bnoil-;Me lMpoekTnBHas N3BneyeHne VMcnpasneHue
pekTudmrkaums TEKCTOBbIX HaKroHa
KOMMOHEHTOB
lgel_'TT?;'c":;ﬂ/ Hopmanusauus BuHapusaums
VOB —N| nsobpaxennsa —N| WseneyeHne [—N|
KpaceB 1y —/ —/| otorpadun [V OCR
CemaHTHn4eckas Koppekuus Bhajeneua M
cermeHTaums ApKocTH oGp:gc;Ka

Pucynok 1.9 — Ob6mias cxema pacrio3HaBaHUs JOKYMEHTOB, YIOCTOBEPSOIINX JIHY-

HOCTD.

1.6 ,Z[OHOJ'IHI/ITG.TII)HI)IG BOIIPOCHI CHUCTEM aHaJIN3a U PAaCIIOSHaBaHMUA
AOKYMEHTOB

1.6.1 PacnozHaBaHue BUIeOIIOCJIe10BATEJIHBHOCTEN

[ToMuMO KJIACCHYECKUX CXEM 3aXBaTa BXOJIHBIX N300PayKeHUil Mpu ITOMOIIM
CKaHEPOB, B HACTOMIIEE BPEMsI SIBJIAIOTCS KpaiiHe aKTyaJbHBIME BOIIPOCHI 3aXBaTa,
m300pakeHnii ¢ MoMOIbI0 KaMepbl cMapTdona mwin Beb-kamepsr [177]. Heemorps
Ha PsiJl HEJIOCTATKOB, CBSBAHHBIX C MeOMETPUYECKUMU MJIM MHBIMU HMCKAXKEHUSMH,
IIPEUMYIIEeCTBO MOOMJIBHBIE KaMephl 110 CPaBHEHUIO CO CKaHepaMU COCTOUT B BO3-
MOYKHOCTHU 3axXBaTa BUJIEOINOTOKA, KOTOPBI MOXKET COJEPKAThb KaJIpbl C Pa3HbIM
OCBeIlleHIeM, 110/ PA3HBIMU yIVIAMH, ¢ PA3JIMIHBIMU XapaKTepUCTUKaMu (DOKYCHPOB-
KHI, 9TO I03BOJISIET YMEHbINTH criopajandeckne omunokun OCR-cucrem.

[Ipu pacriosHaBaHUM BHJIEOIIOTOKA BO3HHUKAET IIPo0JeMa BbIOOpa CIIOCOOOB
o0 beuHeHnsT THMOPMaIUU, TI0JIYIeHHON 13 pa3HbIX KaPOB BUIEOIIOCIEI0BATETHHO-
ctu. Ha cerojnsiniumii ieHb IIPU PACIIO3HABAHIHI BUJIEOIIOTOKA, IOJIYUMIN OOJIBIITYIO
MOIYJISIPHOCTH METOJ[bl BbIGOpa Hanbojiee nudopMaTuBHOrO Kajpa [178|, merosb
«cyleppasperieHusi», cozaatoniue n3odpazkenne 6oJjiee BLICOKOTO KauecTBa Ha OCHOBE
HECKOJIBKIUX KaJIPOB HU3KOTO paszperierust [179], MeTosnbl orcieKuBanust u KOMOU-
HUPOBaHUs N300parkKeHUil paciio3HaHHOTO 00bEKTa Ha T0CJIeI0BaTEeIbHOCTU KA IPOB,
METO/Ibl KOMITEHCAIIUN PA3MbBITHUsI IIyTEM 3aMeHbI pa3MbITBIX 00J1acTell B 0JJHOM KaJIpe

nx 0OoJsiee YeTKIMU aHaJIoraMM, B3ATbIMH M3 APYIHUX Ka/JApOB, WJIMX C MCIIOJIb30Ba-
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HUueM MeroJIoB Tirybokoro obydenust [180]. Takxke jjist Jydiero BOCCTAHOBJIEHUST
PACIIO3HAHHOIO M300parkeHusl JOKYMEHTa MOXKHO MCIIOJIL30BaTh JAaHHBIC, IIOJIYYCH-
Hble OT PA3JMYHBIX JATUYMKOB MOOMJIBLHOIO YCTPOICTBa, TaKUX KaK, HalpUMep,
aKcejepoMeTp i rupockor. OIHAKO JIJI COBPEMEHHBIX MOOMIbHBIX YCTPONCTB 110-
I'PENTHOCTD B UX M3MEPEHUSIX MOXKET ObITh BeCbMa 3HAUNTEIbHOI 1 IPENsITCTBOBATh
HCIIOJIb30BAHUIO TUX JAHHBIX JIJIs BOCCTAHOBJEHUsT m300paskenunii. Hegocrarkamn
METOJIOB IIEPBOIl I'PYIIIbI, COCTOAT B BBIYMCJIUTEJILHON CJIOXKHOCTH, IYBCTBUTE/Ib-
HOCTH K T'€OMETPUYECKUM HCKAXKCHUsIM KaJIPOB U ILJIOXOH MACIITaDUPYEeMOCTH B

OTHOIIICHUU BUJICOIIOCJICIOBATEIBHOCTEN ITPOU3BOJIHLHON JJINHDI.

1.6.2 OmnTuMmnsanus ObICTPO/IeiCTBUSI AJTOPUTMOB PACIIO3HABAHUSA

PacrniosnaBanme JOKYMEHTOB OCHOBAHO Ha KOMOWHAIINN aJrOPUTMOB C Pa3/Iid-
HOM MaTeMaTH4YecKOil CJIOXKHOCTBIO. DbIcTpojieiicTBrEe peajn3aliu pacio3HaBaHUsd
Ha KaKOI-TMO0 BBIYUCIUTEHLHON apXUTEKType JOKHO OBITH ONTUMU3MPOBAHO I10
HECKOJIbKUM TNTpUIUHAaM. Bo-TIepBbIX, N3-3a SKOHOMUN BPEMEHU U JIPYTUX PECypPCoB,
BO-BTOPBIX, JIJIsI YIYUIIeHNUs] SPTOHOMUKH TTOJIb30BATETLCKIX TpUIoKennii. 1, ma-
KOHEII, /I IJIaT¢OPM ¢ OTpaHUYICHHBIMU pPecypcaMu, HAIPUMED, s YCTPOHCTB
«nrepuera semieit» (IoT) 1 MOOUIBHBIX yCTPORCTB, ONITUMU3AIINS OBICTPOIEHICTBIST
HETIOCPEJICTBEHHO CBA3aHA C ONTUMU3aIell SHePronoTped/IeHnns U TeIJIOBbIIeIeHUS.

OJiHuM 13 caMbIX IOIYJISPHBIX MEXaHU3MOB KJlacCu(UKAIUN SIBJIAIOTCS HC-
KyccTBeHHBIe Hefiponnble cetu. MHC moryT mcrosib3oBaTbest MPaKTHIECKH Ha BCEX
sTanax pacrnosHaBanus jokyMenTa. Mogenn MHC npeanasHadeHHble I KJac-
cuduKaIlul ¢ BBICOKOI TOYHOCTBIO, OOBIYHO TPEOYIOT OOJIBIINX BbIYUCINTEIbHBIX
pecypcoB 1 3Heprun, Tak Kak dacto HC ocHoBabl Ha 0OOJIBIIIOM YHC/IE Ollepaluii
YMHOXKEHUA U OOJILIIIM YUCJOM IapamMeTpoB. [losromy onTummsalius ObICTPO/Ieli-
creust UHC sBiisiercst akTyasibHOI 3aj1adeit. PaccMOTpuM HECKOJIBKO TOIYJIsIPHBIX
0JIX0JI0B onTuMusaiun owicrpogeiicreus MHC.

[lepBag Tpymmma MOJXOJOB OCHOBaHa HA WCIOJb30BAHUN aJbTEPHATHBHBLIX
Mojiesieit Heiipona. B pabore [181] mpemiorkena ammaparTHasi apXUTEKTypa € HC-
0JIb30BAHIEM CBEPTOYHON HeliponHoit cetn cymmaropa (AdderNet), B koropoii
HCXO/IHAs CBEPTKA 3aMeHeHa si[poM cyMMaTopa. Y KasbiBaeTcs, 4To AdderNet moxker

JIOCTHYDL yBesmueHust ckopoet Ha 16% u cnuzkenust suepromnorpedienns na 47,85
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~ 77,9% no cpapuenuio ¢ anajgornanoil CNN Tpagunnonnoit apxurexkrypoit. [y6o-
kast Hefipornast cerb (DNN) ShiftAddNet [182] BoinosHsier yMHOMkKeHIE HA OCHOBE
CYMMUPOBAHHsI U JIOTHYECKUM ¢BUromM 0mtoB. B pabore [183] onmcano cemeiictBo
apxuTekTyp DeepShift, 6azupyromieecs: Ha JBYX OllepalisiX: CBePTOUYHBIE CABUTU I
MIOJIHOCBSI3HBIE CJABUTH, KOTOPbIE 3aMEHSIOT BCEe YMHOYKEHWS BMECTE C MOOUTOBBIM
CJIBUTOM U 3aMeHoil 3Haka. [l npejcraBienust BecoB Tpedyercs 6 6uTos. [lokaza-
HO COKpallienue Bpemenn 3aJiep:kku Ha 25% npu soisosie ResNet18 o cpasnenuio ¢
sijpamu GPU Ha ocHOBe HEONTHMMU3UPOBAHHOTO YMHOYKEHIS.

Bropast rpyiia 1mojxoa0B HUCHOJIb3YeT HMEJ0UNC/IeHHYI0 apudMeTUKy BMECTO
BerecTBenHoil [184]. [Ipu 9TOM 1M0/IX0/1e TOBBIAETCsT OBICTPOICHCTBIE U SKOHOMHUT-
cd 3aHIMaeMast TaMsATh NP He3HAUNTE/ILHOM YMEHbIIeHU TOYHOCTH. BripoueM, B
pabotre [185] yTBep:Kaercst, 4TO MPU UCIOIB30BaHNN 4-OUTHOTO JETEKTOpa ITOUYTH
6e3 1oTepb ObLIN JOCTUTHYTHI XapaKTEPUCTUKU MOJICIH C MOJHON TOYHOCTDHIO.

Tperbst Tpymma TMOAXOM0B opuentupoBana Ha Ounapubie cetu (BNN), B
KOTOPBIX YaCTh CJIOEB COJEP:KUT JIBOUYHBIE KO3 duimenTol. s mocTukeHust
npuemsiemoii rounoctu npu odydenun BNN mpejiaraercs rpyiia MeTo0B J1Jist n36e-
»KaHus repernoinenns, Takue Kak Normalization Layer Design, Small-pipeline Rule
and Aggregated Convolutional Operation [186].

[Tpumenenue mMaiobuTHOl BerectBentoit apudmvernku (FP8) u mamoburHoit
rubpuiaoit apudpmeruku (HFPS8) nossossier yceneniao obyuars DNN. B patore [187]
JIEMOHCTPHUPYETCsS] BOSMOXKHOCTH KBAHTOBAHUS ITPEIBAPUTETHLHO 00y IeHHON MOJIe N
J10 8-6utHOro cpopmara 6e3 MoTepu TOUHOCTH.

[lepcreKTUBHBIM TOJIXOJOM SBJISIETCS 3aMeHa CBEPTOYHOTO U TOJIHOCBI3HOIO
siJIpa TEH30PHBIME MPUOJINKEHIAMI HU3KOIO paHra. Takme MeTOoIbl KaK TeH30pHas
JIEKOMITO3UIINS, TEH30PHAas MOC/IeI0BATEIbHOCTh, TEH30PHOE KOJIBIO U MOJIMMUII-
poBaHHas IOJIMAINYeCKasi TEeH30pHAsl JIEKOMIIO3UIUST IToKa3a il PMOEKTUBHOCTD
CYKATUsI TIPU HE3HAIUTETHLHOM CHIKeHUH TouHocTh [188].

[lepeuncennbie TOXO/IbI OCHOBAHBI HA YMEHbLIIEHUN KBAHTOBAHMIA KOI(DU-
nuenToB MHC u na anmpokcumanuu HeJUHeHHbIX (hyHKIuil. B gonosiHenne K HUM

yMeCTHa HU3KOYPOBHeBasl ONTUMU3AIUs [t cucTeM KoMman s SIMD.
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1.7 BniBoabl mo rjase

B mepBoii riase mokaszaHo, UTo 3a/iaua Paclo3nHaBaHusd JOKYMEHTOB, YI0CTOBE-
PATIOIINX JINYHOCTD, MCC/IEIOBAJIACH B PA3TUIHBIX acleKTax yKe 0oJjiee COpOKa, JIET 1
IIPOJIOJIZKAET OCTaBaThCs aKTyaJIbHOI 110 ceil JieHb. BobIMHCTBO paboT MOCBSIIEHO
HCCJIe/IOBAHUIO TTPOOJIEM paclio3HABaHUs JIOKYMEHTOB, OJIyIEeHHBIX C IIOMOIIBIO CKa~
HUPOBAHMUsI, U TOJBbKO OTHOCUTEIbHO HEOOJIbIAs YaCTh HOBEHIIIX pabOT MOCBSIIIEHa,
npobJieMaM paciio3HaBaHus JOKYMEHTOB Ha ¢ororpadusax. Hecmorps Ha Hagmdne
paboT 1O OT/EJLHBIM acleKTaM W aJrOPpUTMaM PEHIaloNuM y3Kne 3aadl, Takue
KaK: IMIOMCK 1 WAeHTH(MUKAIIS JOKYMEHTA, ITONCK PEKBU3NTOB JOKYMEHTa, PACIIO3Ha~
BaHUE TEKCTA, BbISIBJIEHNE aHOMAJIUI 1 U3MEHEHUIT, B JIUTEpAType He MPEeJICTABICHBI
pabOThI 110 CHCTEMHOMY IIOJIXO/y K PEIIeHUIO 3aJla9i Paclio3HaBaHUs JOKYMEHTOB
B II€JIOM, C Y9I€TOM BCEX OCOOEHHOCTEHl, IIPUBHECEHHBIX TOBCEMECTHBIM HCIIOJIH30Ba~
HIEeM MOOUJIBHBIX TeJ1e(DOHOB JIJIsi PACIIO3HABAHUS 1 HEKOHTPOJNPYEMOCTH YCIOBHI
MOJTyUeHUs N300PakeHus, B OTJTUIUN OT MHOXKECTBa padOT IO pacIo3HABAHUIO JIO-
KYMEHTOB €O ckaHnepoB. [Tokazano, 9To cjiabo m3yueHHbIMI OCTAIOTCS BO3MOKHOCTH,
KOTOpPBIE IIPEJIOCTABJISIET UCIOJIb30BaHUE BUJIEONIOTOKA, & TakKe cjabo paccMoT-
PEHHBIM OCTAeTCsl BOIPOC OI'PAHUYEHHOCTH BBIYHCIUTEIBLHON U SHEPreTHIecKoil
MOIITHOCTH MOOM/IbHBIX YCTPOWCTB, MCIOJIB3YEMbIX B Kad9eCTBE BbIUNC/INTEIbHBIX
mardopM I paclo3HaBaHUsI, YTO CTABUT BOIPOCHI O MPUMEHUMOCTH CYIIe-
CTBYIOIINX aJrOPUTMOB Oe3 crenuajibHoit ontumusanun. Ocobyio mpodiemy B
HCCJICJIOBAHUSX PACIIO3HABAHUS JIOKYMEHTOB, YJIOCTOBEPSAIONINX JIMYHOCTD, IPEJI-
CTaBJISICT IPAKTUUIECKH [TOJTHOE OTCYTCTBUE OTKPBHITHIX U PEIPE3eHTATUBHBIX [1AKETOB
9KCIIEPUMEHTAIbHBIX JIAHHBIX, KOTOPbIE ObI MO3BOJIN/IN UCCJIEI0BATEISIM ITOJTHOIIEHHO
IIPOBOJIUTH UCCJIC/IOBAHUS U BepU(pUINPOBATH PE3YJIbTATHI.

Uexojst 3 poBeIeHHOIO aHaJ 38 COBPEMEHHOIO COCTOsIHUS UCC/Ie0BaHIIT B
00J1acTH pacro3HaBaHus JOKYMEHTOB, MOXKHO TTOCTABUTDL CJIEIYIOIIHE 33,/ 1adH:

1. CozyaTh yHUBEpCAJbHBIH 10 WUCTOYHUKY W300parKeHUsl ITOJAXOJl K apXu-
TEKTYpPE CHCTEM pacIiO3HABAHUSI JIOKYMEHTOB, YJIOCTOBEPSAIONINX JITIHOCTD,
VUINTBIBAIONIUIT 0COOEHHOCTH 3a/1a1u1, UCTOYHIKOB 1 CITOCOOOB 3axBaTa M300-
paykeHuil, BOBMOYKHOCTH aHaJ/I3a BUJICONIOTOKA W ONPAHUYICHHBIE PECYPCHI

MOOUJILHBIX BBIYNCINTEIbHDIX HﬂaT(bOpM.
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VB3yunth U HPEIJIOKUTH MOJIEIb MCIOJIb30BaHUsI BHIEOIOTOKA C IEJIbIO
HOBBIIIEHUS] KAYeCTBa, PEIIeHNs] 3a/1a9ll PacIIOo3HaBaHUs JOKYMEHTOB, YIO-
CTOBEPSIIONINX JTUIHOCTD.

[IpeyioXKuTh METOJIbI, MOJICN, aJrOPUTMbI ITOBBIIIEHN KadecTBa Paciio-
3HABAHUSI JIOKYMEHTOB, VJIOCTOBEPAIOIINX JINYHOCTh, C KCIIOJb30BaHUEM
BI1JIEOIIOTOKA.

[IpeyioKuTh 1 alpodUpPOBaTh YT CHUXKEHUS BHIUYUC/IUTEIbHON HAIPY3KU
B IIPOIECCAx PACIO3HABAHUS JIOKYMEHTOB, YIOCTOBEPSIOIINX JTUIHOCTD.
Cozarh penpe3eHTaTUBHBIE TAKEThl JTAHHLIX JJIsi UCCIEJOBAHUSI, 3aMepa,
1 BepuduKall pe3yJibTaToOB MCCIe0BaHnii B 00J1acT paciio3HaBaHUs J10-
KYMEHTOB, YJIOCTOBEPSIONINX JIMUYHOCTD, IIPU 9TOM yUeCTh HEOOXOJIUMOCTh
COOJIIOJIeHNsT aBTOPCKUX IIPaB U OlpaHUYEHUs], HajaraeMble Ha, pasrJialile-
HIUE IIePCOHAIbHBIX JAHHBIX.

Paszpaborarh MeTo/bI aHa/M3a N300paykeHnii (CKAHNPOBAHHBIX JINOO TIOJTY-
9eHHbIX TyTeM (oTorpadupoBaHiisi) W BHJIEONOCIEI0BATETLHOCTEH JTOKY-
MEHTOB, yJIOCTOBEPSIONINX JITTYHOCTh, CTABAIINE B KA9eCTBE IIeJIU IIPOBEPKY
IOJJIMHHOCTH JOKYMEHTa U MUHUMU3AIUN BO3MOXKHBIX (PasibcudUKaInii

IIponeccCa IpelabdaB/IeHnd JOKYMEHTa B aBTOMaTUYEeCKUX CHCTEMaXxX BBOJA.
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I'maBa 2. Pacno3naBanue u BBOJ MAeHTU(PUKAINOHHBIX JJOKYMEHTOB

2.1 Bsenenne

B jmannoit ryraBe IpejicTaBjeH aHanu3 apXUTEKTYyPbl CUCTEM paclo3HaBaHUsd
JIOKYMEHTOB, yJIOCTOBEPSIONINX JUIHOCTh. byJleT 1nmokasano, Kak TpaHCHOPMUPYIOT-
csl OTJIe/TbHBIE 3JIEMEHTHI U BCS TPAJINIIMOHHAS CXeMa, pACIO3HaBAHNUS 110/ BIUSHIEM
0COOEHHOCTEl MMPUPOJIBI JIOKYMEHTOB, YI0CTOBEPSIONINX JJUIHOCTD, U CIIOCOOOB TIOJTY-
YeHUS UX M300pazkKeHuil Ha MOOMJIBHBIX YCTPOICTBaX.

Kiraccuueckasi cxema pacrnosnaBaHus JOKYMEHTOB WpeJICTaB/IeHa Ha PUCYH-
ke 2.1. OcHoBHBIE 3/IEMEHTBHI U AJIOPUTMbI Peasin3alliid STOH CXeMbl OINCAHBI
B [ytaBe 1. Peanuzanmst ee mpejnosiaraer 1moJiydeHne n300paykeHUsi B KOHTPO-
JINPYEMBIX YCJOBUAX CO CKaHEPA C U3BECTHBIMU ONTHYECKUMU W TEXHUIECKUMU
XapaKTepUCTUKAMU, 9TO He CBOMCTBEHHO JI/Isi MOOMJIBHBIX yCTpOiicTB. B 9100l ryiaBe
PACCMOTPEHBI OCOOEHHOCTU JIOKYMEHTOB, YJIOCTOBEPAIONINX JTUIHOCTH, OCOOCHHOCTH
dopmupoBanusa m300parKennii, oleHKa KadecTBa BXOIHBIX N300parKeHuil, JIOKaJIu-
3alid U UJIeHTUUKAINS JJOKYMEHTOB, ITOUCK U Paclio3HaBaHle TEKCTOBLIX ITOJIEl.
Kpome Toro, B macrtosmieil ryiaBe copMmyampoBaHa HOBas 3ajada, CBA3aHHAsS C
IIPOTIECCOM TTPUMEHEHUS PACIO3HABAHUS — IIPOBEPKa TMOJJIMHHOCTA JIOKYMEHTa, YI0-
CTOBEPSIONIEr0 JIMTIYHOCTD. B KOHIle HACTOsAIIEl IIaBbl IIPe/ICTaB/IeHa yHUBEpCcaIbHAs
cxeMa paclo3HaBaHUs JOKYMEHTOB, yIOCTOBEPSIONINX JUIHOCTD, ITpeTHA3HATeHHA
KaK JJisi 00paboTKN m300paskeHnii co ckamepa, Tak u ¢ororpaduil JOKyMEHTOB 1

BII€0IIOTOKA.

2.2 JIoKyMeHT, yJIOCTOBEPAIONIUl JUIHOCTH: OCOOEHHOCTH U
MpUMeHeHe PAaCO3HABAHMUS

JIOKYMEHTOM, YJI0CTOBEPSIIOIIIM JINTHOCTH (YI0CTOBEPSIFOIIIM JIOKYMEHTOM,
[D-okymeHTOM), canTaeTcst Jiio0oii TOKyMEHT, MO3BOJISIIONINT UIeHTHMUIINPOBATD
JIMIHOCTH €ro Biajesbia. Habop mHMDOPMAIMOHHBIX 1oJIeil (KaK TEeKCTOBBIX, TAK N

rpaduIecKiux) B TaKUX JOKYMEHTaX COOTBETCTBYIONIMIT: pa3/indHas MepCcoHAbHASI
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ITONICK KTHOYEBEIX 3IeMEHTOB
(pAMBIe, TEKCTBI, METKII 1 T.11.)

v

PacmozHaBaHIIe TEKCTOR

L A

I1neHTIDIKAIIIA

TTonck PEEBIIZIITOR

L 4

PacmozHaeaHIie PEKBIIZITOR

¥

JInHTBIICTIMECKad 0OpadoTka

L

Gopmxpoﬂamle pe3vIET aTD

Pucynok 2.1 — Kiraccuieckasi cxema pacro3naBaHus JOKYMEHTOB.

nHOPMAIA, OTHOCAIIAACS K BIaJIeJbIy AoKyMeHTa. Hambosee gacTo Ha ya0CcTO-
BEPSIIONINX JOKYMEHTaX YKa3bIBaIOT (PaMIJINI0, UMsi U OTYECTBO, JaTy POXKIEHUSI,
10JI, NOCYJIApPCTBEHHBIN MIeHTU(MUKAINOHHBII HOMeD, pacioJaraioT (oTorpaduio
BJIaJIe/IbIa W OTTHCK MOJANKUCH. /JlOMOJTHUTENIHHO JOKYMEHTBHI MOIYT COJeprKaTh
crienuasbHble KOAUGUIMPOBAHHBIE 30HBI (MAITMHOTUTAEMbBIE 30HBI, OJHOMEPHbIE 1
JBYMEpHBIE TTPUXKobl). Ha pucynke 2.2 mpejcraBieHbl MpUMEphI JTOKYMEHTOB,

YAOCTOBEPAOIINX JINIHOCTD.
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Pucynok 2.2 — Ilpumep nzobparkeHUil JIOKYMEHTOB, YJIOCTOBEPSIONINX JUIHOCTD:
VJI0CTOBEpEHHE JIMIHOCTD Tpazkaannna Andannu (obpasna 2004 roga), yaocToBepe-
Hue JimdHocTH Tpaxkaannia @panrun (obpasna 2021 roga), macmopT rpaxKIaHnHa

Cepbun (obpasua 2008 roja).

B 1esioMm, JIOKYMEHTBI, YIOCTOBEPSIIONNE JITYHOCTh, MOI'YT HUMETh JIOBOJIHHO
IIPOCTYIO CTPYKTYPY, 0COOEHHO €CJI OHU He cojiepzKaTr O0JIBINOr0 KOJNIeCTBa, 10J1ei
(HampuMep, cJiyKeOHbIe MPOIYCKa 3a9acTyI0 He 00JIaJIAl0T CJIOXKHON CTPYKTYPOil).
OjiHako ya0CTOBEpEHNEe JIMYHOCTH TIOCYAapCTBEHHOrO o0pasiia 13 COoOOparKeHMmit
6E30MACHOCTH MTPAKTUIECKN BCETJia OCHAIACTCS JIEMEHTAMU 3aIlUThl (BU3yabHO
KOHTPOJIMPYEMBIMU, ITPOSIBJSIIONIUMIECS TIpu o0JydeHun jJokymenTa Y P, RFID-mer-
KAMI, MUKPOUIHIIAMIE, COJIEPKAIINME OMOMeTpHIecKre JaHHbe, u T. m.) [189].

XoTsI JJOKYMEHTBI, YI0CTOBEPSIIONINE JITTHOCTh, MOI'YT OBITH BBIIIOJIHEHBI B pas3-
HOM pasmMepe, Jallle BCero MX M3TOTaBJINBAIOT B BUje MAeHTU(MUKAINOHHON KapThl,
KOTOpasi 110 pa3MepaM COBIaJIaeT ¢ 0OObITHON OaHKOBCKOI KapToii. CyInecTByeT psij
Me>KJIYHaPO/IHBIX CTaHIaPTOB, OIUCHIBAIOIINX XapPAaKTEPUCTUKHN TaKUX JIOKYMEHTOB,
mnanpumep, 'OCT P MCO/MDK 7810-2015 [190] mwmn [SO/IEC 7810:2003 [191],
KOTOpbIE YCTAaHABINBAIOT TPEOOBaHMS K (PU3NIECKIM XapaKTePUCTUKAM YI0CTOBEPsI-
IOIIUX JIOKYMEHTOB. Takue craHgapThl CTaJl HEOOXOANMbI B CBA3K C ITIOBCEMECTHBIM
HCII0JIb30BAHUEM Y/IOCTOBEPEHU{T INUHOCTU 1 HAIIPAaBJIEHbI Ha, YHU(DUKAIIIO XapaKTe-
PUCTHK YJIOCTOBEPSIONNX JOKYMEHTOB M YIIPOIIEHHE MPOIeyp nX oopadboTku. Eie
OJIHIM BaKHBIM (DOPMATOM JIOKYMEHTA, YIOCTOBEPSIIOIIETIO JINYHOCTD, sIBJISIETCS T1aC-
HOPT UJIN IIPOE3IHOI JOKyMeHT. [TaciopTa 0ObIYHO BhIJIAIOTCS B Bujie OyKJ/ieTa, 9acTo
CHA0KEHHOI'0 BCTPOEHHBIMI MUKPOYUIIAMU JIJIsI MAIIUHHOI'O CUNTHIBAHUSI.

KonuecTBo pasjmyHbIX THIIOB JTIOKYMEHTOB, VIOCTOBEPSIOMNX JTUIHOCTD, BbI-
JlaBaeMbIX B MHUPE, eCTeCTBeHHO, odeHb Besnko. CobuparoTcs cleluajbHble 0a3bl

JdaHHbIX C IIpUMeEpaMN HOKYMCHTOB, YJAOCTOBEPAIOHINX JIMYHOCTL, U HEKOTOPLIC N3
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HUX HaXOJSITCS B OTKPBITOM jocTyie, Hampumep, Public Register of Authentic
identity and travel Documents Online (PRADO) [192]. Ognako Tam MOXKHO HAafi-
TU TOJILKO YaCTh BCEr0 pasHoobpasus yJI0CTOBEPAIONINX JOKYMEHTOB. bBoJjiee Toro,
MHOI'HE CTPAHbI MOJIPA3JIEIAIOTCH Ha PErMOHbl WJIM IMITATHI, KOTOPBIM pa3perieHo
BBIIIYCKATD YOCTOBEPSIOIINE JIOKYMEHTBI 110 COOCTBEHHBIM cTaHfapTaM. Hampumep,
kaxk1p1il mraT Coeuaennbix [HItaroB AMepuky BblIaeT ClienuasbHOe BOJUTETHCKOE
yJI0CTOBEpeHre, 1 AMepHUKaHCKas accOIualis aJIMUHUCTPATOPOB TPAHCIOPTHBIX
cpencts (American Association of Motor Vehicle Administrators, AAMVA) nosmx-
Ha 3a00TUTHC 00 X YHUMDUKAIME 1 KOHTPOJIE TAKUX BOJUTETHCKIX YI0CTOBEPEHMI
[193]. Kpome Toro, yjocroBepsitoline JOKYMEHTbI BPEMsl OT BDEMEHU MEHSIOTCST B
CBsA3M ¢ OOHOBJIEHHUEM JI3aiiHa W TOBBIIIEHIEM TpeOOBaHUil K 6€3011acHOCTH.

CucreMbl aBTOMATHYIECKOTO PACIIO3HABAHWS Y/IOCTOBEPSIONINX JOKYMEHTOB 1
BBOJ/Ia TIEPCOHAJIBHBIX JAHHBIX MPUMEHSIIOTCA BO MHOIHX Cdepax KI3HeIeATe b
HOCTH JIJIsI PelleHnsT KOHKPETHBIX IPUKJIAJIHBIX 3ajad. llepBas rpymma Takux
3a/lad CBdA3aHa C aBTOMATH3allMell Ipolecca MIeHTUMUKAINN JIMYHOCTH KJINEH-
Ta, TIpU OOpAIEHNN B pa3JInIHble OPUCHI OKA3aHUs YCJIYT (HAIPUMED, B IEHTPBI
rOCY/IAPCTBEHHBIX YCJIyT Win (DUHAHCOBBIE OpraHm3anuu). B jaHHOM cirydae onepa-
TOP, 0OCTYKUBAIOIINN KJINEHTA, TUIHO KOHTPOJUPYET MPUHAJJIEZKHOCTD JIOKYMEHTA
KJIUEHTY, BaJIMJIHOCTh ¥ MOJTHHHOCTb Y/IOCTOBEPSIOIIEro JOKyMeHTa, a CHCTe-
MbI aBTOMATHYECKOI'O PACHO3HABAHUSA JIOKYMEHTOB HUCIOJIL3YIOTCS JIJId YCKOPEHUS
00C/TY’KUBAHUsI KJIUEHTa (ABTOMATHUECKOT0O 3aII0/IHEH ST YKYPHAJIOB [OCEIIEHsI, T0/I-
FOTOBKU JIOTOBOPOB, 3allOJIHEHUST aHKeT U T. II.).

Bropasi rpymmna akTyaJbHBIX 3ajad, Jjid KOTOPBhIX HEOOXOJUMBI aBTOMAaTHU-
YecKne CHUCTeMbI BBOJIA JIOKYMEHTOB — 9TO yjlajeHHas WICHTU(DUKAIA KIMEHTA.
Bospocminit B mocjieiane BpeMsi CIIpoc Ha yaJjieHHbIe YCJIYTH, BKIIOYAIOIIIEe B TOM
qucjie HeoOXOMMOCTh KAaueCTBEHHON yIaleHHol naeHTUMUKAIIT U BepPUMOUKAIIHT
dusnyeckoro Jyimna, onpejean TpedoBaHus K CUCTEMAaM PACIO3HABAHUS YJIOCTOBE-
PAIONUX JOKYMEHTOB. B jlaHHOM cjiydae, JIJIst YCIEIIHOTO PellleHust MOCTaBIeHHO
3a/1a491 OKA3bIBAETCSI HEJIOCTATOUYHBIM BbIJICJICHIE TEKCTOBBIX PEKBU3UTOB. ABTOMa-
TU3UPOBAHHbBIE CHCTEMbI PACIIO3HABAHUST TOMIMO TPAIMIIMOHHBIX (DYHKIINN JIOJIZKHBI
0becrednBaTh BOSMOXKHOCTD BBIJICJIEHNsT U ITPOBEPKU ITPU3HAKOB MOJJTHHHOCTH JIOKY-
MEHTa, KOHTPOJIS «KUBOCTU» JOKYMEHTa, & TaKyKe BO3BpAIATh BCe HEOOXO/NMbIE
nannbie (ororpaduto jepxKare/is JOKYMEHTa, HOJAINCH U T. 11.) JIJIs JaJbHeiiiero

NCIIOJIb30BaHA 6I/IOMeTpI/ILI€CKI/IX CHUCTEM.
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Tperbst rpyliia 3a/a4, B KOTOPOil CUCTEMbl aBTOMATUIECKOIO pacIIO3HABAHMUs
YJIOCTOBEPSIIONINX JOKYMEHTOB UIPAIOT KPUTUIECKYIO POJIb, CBSI3aHa C OKa3aHUEeM
TPAHCIIOPTHBIX YCayT. Tak, Jjisd 1npoiaKu OUIeTOB, PerucTpallii MacCaKIpoB Ie-
peJl Moe3JKOoi, obecriedeHns pabOThl CUCTEM JIOSJIBHOCTH HEOOXOJINMO YIaJIeHHO
JIeHTUOUIIPOBATL U BePUMUIINPOBATD JIMIHOCTD IAcCaykKupa — 3ajada, KOTopas
3 PEKTUBHO perraeTcss COBPEMEHHBIMI aBTOMATHYECKIMI CHCTEMaMU pPacIIO3HaBa-
HUsI YIOCTOBEPAOMNX JOKYyMeHTOoB. C JIpyroil CTOPOHBI, IIPU IepecedeHn IPaHuIl
HIPOU3BOIUTCSI JeTAIN3UPOBAHHBIN JIOCMOTD 1 KOHTPOJIb IIACCAXKIPOB, IIPH KOTOPOM
HEOOXOIMMO TIPeIbsABICHUE TPOE3IHOIO JTOKYMEeHTa ([aciopTa), 9TO0 B COBPEMEHHOM
MHUpe TaK:Ke aBTOMATU3UPYETCs 3a CIET MPUMEHEHNsI aBTOMATHIECKNX CHCTEM CKa-

HUPOBAHUS, PACIIO3HABAHUS U ITPOBEPKU IOJJIMHHOCTH.

2.3 Ocobennoctu popMUpoBaHNA N300pakeHnit AJ1sd U@ POBbIX POTO
1 BUJE0 YCTPOIMCTB

Paccmorpum ucnosib3oBanne (hoTo- M BUJIEO KaMep IS MOJydYeHUs W300-
paykKenuit JOKYMEHTOB, IpPU 3TOM OyjeM HUCIHOJIb30BAThH OOIMMIT TEPMHUH <«CheMKa
kamepoii» [194]. [Tpu rakoii cheMKe ¢ TOMOIIbI0 00bEKTUBA HA CBETOYYBCTBUTEIbHOI
MaTPHUIIE JIydYaMU OTPayKEHHOTO OT 00beKTa CheMKH CBeTa (pOPMUPYETCs M300pazke-

HUE JOKyMeHTa (CM. PHCYHOK 2.3).

TOYEMHLIM MCTOYHMK uyBCTBMTEALNAR

ﬁ marpmua CCD
A\

TOMeYHLIH x

METONHMK ‘

obuvexTme

Pucynok 2.3 — Ilpunnunmaibias cxeMa opMupoBaHus n3obparkeHus B (GOTo- U

B I€O0 KaMeEpax.
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[To cpaBHeHHIO CO CKaHepaMM, OITHYECKas CXeMa KaMepbl siBJIsSeTCsI 0oJiee
CJIO}KHOI 1 caMa 110 cebe BHOCHUT OOJIbIlle UCKayKeHuii BejieJcTBue abeppaliuii, 0J1i-
KOB U OTpaKeHUiI BHYTPU OITUYECKON CUCTEMBI.

UcnosbzoBanne hboToceHCOPOB (MATPUI[) U AHAJIOTOBOI 3JIEKTPOHUKHI YCTPOIi-
CTBaMU JIJIsT PErUCTpaIiui n300parkKeHnil Henm30eKHO TMPUBOJIUT K IOSBJIEHUIO NCKAa-
JKeHUI n300pazkeHuii, KOTopbie Ha3biBAIOT M pPoBbIM myMom [195]. Mcrounnkamm
uPOBOTO TIyMa SIBJISTFOTCST CaM POIece o POBKI AHAJIOTOBOIO CUTHAJA (OInh-
KU KBAHTOBAHUs CUI'HAJIA, TEIJIOBOW IIIyM W IEPEeHOC 3apsija Ha MaTpPUIE) U ero
JajbHeiiiee  ycujienue. J{omoJTHUTE/ILHBIMA UCTOYHUKAMU MCKAYKEHWH SABJISIIOTCS
3arps3HeHns MaTPUIlbl U jiepeKTHBIE 3JIEMEHTHI ceHcopa. EIe oJuH MCTOYHUK WC-
KayKeHNI — aJITOPUTMBI CyKaTUsI N300parKeHuil, YTO0 0COOEHHO 3aMETHO JIJIsT KaJIpOB
Bueonoroka [196; 197|. Ludposoit mym 3ameren Ha M300paykeHUN B BHJE HAJIO-
JKeHHON MAaCcK! U3 MUKCcesel caydaiinoro npeta n apkoctu. [Ilym Oosee 3ameTen Ha,
OJIHOTOHHBIX yYacTKax M300parkKeHus, B 0COOEHHOCTH — Ha TeMHBIX. B ckaHnepax ra-
PaHTUPOBAHO KadyeCTBEHHOE OCBeIlleHUe, B OTJINYME OT KaMmep, Jjisd KOTOPbIX YacTO
BO3HUKAET CHUTYyalllsd HEJIOCTATOYHON OCBEIIEHHOCTH U BJIUSHUE IUQPOBOrO IIyMa

(cM. pucyHOK 2.4) MHOTOKPATHO YCHJIHBAETCH.

CCDMITRII<CCCLCCLLLC
Pucynoxk 2.4 — Iudposoii Hlyl\/ll B YCJIOBUAX HU3KOH OCBEIIEHHOCTH.

PaccmorpuM pazpemnaontyto crocoOHOCTh pa3IndHbIX YCTPOHCTB (hopMUpoOBa-
HUsT N300parkeHuil JJOKyMeHTa. THIUIHbIM pa3pelieHneM JIJid CUCTEM OITUYECKOTO
BBO/Ia JIOKyMeHTOB siBjisiercst 300 Touek wa moiiv (DPI). Takoe pasperienue obectie-
YUBaAETCsl BCEMI COBPEMEHHBIMU CKaHEPAMU U IT03BOJISIET KaUeCTBEHHO paclio3HaBaTh
IEeYATHBIN TEKCT ¢ OOBIYHBIMU JIJI IIe9aTHBIX JOKYMEHTOB pasMepaMmu IIpudToB.
IIpu Taxkom paspeniennn m300parkenue crpaHuiibl popmara A4 umMeeT pasMepbl
3394 x 2400 nukceseit. XapakTepHoe pa3pelieHne Jjisl KaMepbl MOOUJILHOT'O YCTPOii-
crBa B (boropexkume (5 meranukcesieii) jgaer pazmep kagpa 2592 X 1936 nukceleii.
Takum obpazom 11pu (poTOCHEMKE MaKCUMaJIbHOE padoUuee pa3pellieHne He IIpeBbliia-
er 200 DPI (st popmara A4 — 2262 x 1600 nukcesieit). XapakTepHoe pasperieHie

web-KaMepbl cpeJIHero YpoBHsI olipejieigerca pexkumoM ¢bemkn FullHD ¢ pazmepom
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kaJipa 1920 x 1080 nukcesieit, uTo jaet erle OoJiee HU3Koe pabodee paspelieHne, Ko-
TOpOe MOXKHO oreHnTh Kak npumepro 120 DPI (mis dopmara A4 — 1358 x 960
Kcesieit).

B orsmmamne oT ckaHepoB, PU CheMKe KaMepoil caM JOKYMEHT pacloJIOXKeH B
IIPOM3BOJIBLHOMN IJIOCKOCTH OTHOCHTEIBHO TLJIOCKOCTU CPOKYCHPOBAHHOIO M300parKe-
Husi. OTKJIOHEHHE OT IEePIIeHINKYIAPHON ONTUYEeCKONH OCH ILJIOCKOCTH HMPUBOIUT K

IPOEKTHBHOMY HCKazKeHHIO (CM. pucyHOK 2.5) m3obparkenus gokymenta [198].

T T R
FHAT RSB | ORI At h s -

Pucynok 2.5 — [Ipumeps ciiaboro (cjieBa) n CHIbHOTO (ClipaBa) MPOEKTUBHOTO HC-

Ka>KeHUd.

[Ipenmoniozkennsi 0 BBIPOBHEHHOCTH, MAPAJJIEJIBHOCTH W THEPHEHINKYITPHO-
CTH Pa3JUYIHBIX YacTell JOKyMEHTa, HAIPUMep, N300pakeHWil JUHUN pasrpadKu
I CTPOK TEKCTa YacCTO UCIOJL3YeTCd B aJropuTMax ONTHYECKOIO paclo3HaBaHUsI
tekcra [6; 199]. Takoro poja cBoiicTBa clipaBeInBbl JIJIi UCXOJHBIX JIOKYMEHTOB
1 BBIOJHAIOTCSA JIJIT TOMOTETHIHBIX HMCXOJHOMY JIOKYMEHTY W300parKeHmil, ToJIy-
JaeMbIX TpH cKaHupoBanun. OUeBUIHO, UTO HPU CbEMKE KaMepoll YIVIbl M HUX
OTHOINEHUSI, & TaKKe IMPOMOPINN OOBLEKTOB MU3MEHSIOTCS B 3aBUCUMOCTH OT pa-
Kypca CbeMKH. IJTO MPUBOJUT K TOMY, YTO KJIACCUUECKHUE AJTOPUTMBI HE MOTYT
HPUMEHSITHCS HAIPSAMYIO, & TPeOyIOT Ipe/IBapuTe/IbHON MPOSKTUBHON HOpMaJI3a-
1IN U300parKeHms.

[IpoekTuBHAas HOpMAaIN3aIldsd OCHOBAHA Ha TOM, YTO CheMKa KaMepoil XOPOoIIo
MOJIeJTUPYeTCs TIpeoOpa3oBanneM IeHTpaabHoil mpoekuu. Matpuity mpeobpa3oBa-
HUS TIJIOCKOCTH OPUTMHAJIBHOTO JOKYMEHTa Ha TJIOCKOCTH N300PayKeHWs MOYKHO

JICTKO BOCCTaHOBUTDL MCXOJ M3 3HAHMA TOYHOI'O COOTBETCTBUA MECKAY JOKYMCHTOM
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1 ero m300parkeHrneM BCero mo 4-M TodkaM. A 13 TOMOJIOIUH, [IPX YCJIOBUHU 9TO Haii-
JIEHHbIE TOYKHU COCTABJISIIOT IPSIMOYTOJIbHUK, CTAHOBUTCSA BO3MOXKHBIM OIIPEIE/INTh
OTHOIIIEHIEe CTOPOH OPUIMHAJIBHOIO JIOKyMeHTa. B OOJIbIIIHCTBe ClyduaeB perraercs
3a/1ava, Olpe/Ie/IeHNsT TT0JI0ZKEHUST JJOKYMEHTa Ha N300parKeH! !, a B KaUecTBe 0COObIX
TOYEK BBIOMPAIOTCS YIJIbI JOKYMEHTa — TAaKIM 00Pa30M OJIHOBPEMEHHO HAXO/ISITCSI T1a-
paMeTpbl MPOEKTUBHON HOPMAJIM3aIlNK 1 IPAHUIIBI JIOKYMEHTa, B KOTOPBIX €€ HY>KHO
IIPOBOJIUTh.

B ckanepe dbukcupoBaHbl B3aUMHOE PACIOJIOXKEHIE IOKYMEHTa 1 PerucTpu-
pyIoIeil MOJACUCTEMBI, MTOTOMY H3BECTeH KO3(MMUIMEHT 10A00usl, a pas3pelieHne
BBIXO/IHOI'O M300parkeHusl TaeT BO3MOKHOCTD BBIYHC/IUTDL TOUHbIE pa3Mephl JIJIs Pas-
JIMTYHBIX 3JIEMEHTOB n3o0pazkenus. Ilpu cbemke Kamepoil koadpdunneHT mogodus ¢
HCXOJIHBIM JIOKYMEHTOM HEM3BECTEH, IOCKOJIbKY OIIpPeJIe/IsieTcsl ONTHIECKO cXeMoii
1 B3aMMHBIM PACIIOJIOXKEHUEM KaMepbl U JIOKYMEHTA.

B zaBucuMocTit 0T XapaKTepucTUK 00beKTUBA U II0JI0XKEeHUs JOKYMEHTa OTHO-
CUTEJILHO IIJIOCKOCTH HABOJIKM Ha PE3KOCTb YaCTh WU BCe M300parkeHne JOKyMeHTa,
MOZKeT OBITh «Pa3MbITO» (CM. puCYHOK 2.6, cyieBa). [logBuKHOCTH cAMOTO JTOKYMEH-
Ta WM KaMepbl, 0COOEHHO B YCJIOBHUSIX HEJJIOCTATOUHON OCBEIEHHOCTH, IIPUBOINT K
YXYIIEHIIO KAIecTBa M300parKeHNsT — MOSAB/ISETCsT «CMasbIBaHue» (CM. PUCYHOK 2.6,
cripaBa) M3-3a cMelleHns o0bekTa BO BpeMs kcrnosurun. C TOYKN 3peHust «Hero-
JIBUYKHOCTH» KaMepbl U JIOKYMEHTa BO3MOXKHBI CJIeIYIOIIe BapUaHThI:

— yCTPOICTBO U JIOKYMEHT HEIOJBIZKHBI (HAIIPUMED, JTOKYMEHT KJIaJIeTCs Ha

CTOJI, HAJT KOTOPBIM ZKECTKO 3a(bUKCHPOBAHO PEIUCTPHUPYIOIIEE YCTPOHCTBO);

— yCTPOiiCTBO B pyKax, JOKYMEHT HENOJBUZKEeH (HampuMmep, JOKYMEHT Jie-

YKUT Ha, CTOJIE WM 3aKPEILIeH Ha CTeHe, ChbeMKa ITPOU3BOIUTCS MOOMIbHbIIM
YCTPOMCTBOM «C PYK» );
— YCTPOMCTBO HENOABUXKHO 3aKPEILJIEHO, JOKYMEHT B PyKax;

- YCTpOﬁCTBO n JOKYMEHT IIOJABUZKHDBI.

DO <<omiTrii<<<ccs

Pucynok 2.6 — Ilpumepsr nedokycrnpoBaHHBIX cuMBOJIOB (ciieBa) 1 addexTa «cMa-

3bIBAHUS» U3-3a CMelleHns: o0bekTa (crpasa).

Kak 00bekT (pusndeckoro Mmpa HCXOJHbBINH JOKYMEHT ITOJBEPYKEH MeXaHMW-

yeckuM Jedopmariusm. [ig obecriedeHust ero <«IJIOCKOCTH» IPU CKaHUPOBaHUN
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UCIIOJIB3YIOTCs NPUXKIMHAsT KPBIIIKa W posiuku. [Ipn cheMke KaMepoil obeciednTh
oTcyTcTBHE JedopMaliuii TAKOro poja CJI0yKHee WM IPOCTO HeBO3MOXKHO. Ha 1300-

pazkeHun J1ehOPMUPOBAHHOIO JIOKYMEHTa CTPOKU «U3THOAI0TCsT» (CM. PHCYHOK 2.7).

P<SWESPECIMENCCSVENCLLLLCLLLLLLLLLLLL444eRLK
59000001<5SWEB703145M1701027198703142391<<46

PCSWESPECTMENCCSVENCCLLLLLLLLLLLLLLL KL< <L<L<
59000001<5SUEB703145M1701027198703142391<<4¢

Pucynoxk 2.7 — PazjmuHble BapuaHTbl 1300pazKeHust J1eOpMIPOBAHNS JIOKYMEHTOB.

Mexanunueckasi gedopMaliist UCXOIHONO JTOKYMEHTa KOMOUHUPYETCsl C IPOEK-
THUBHBIM HCKa>KECHUEM 1/1306pa>KeH1/15{. BprOBHeHHbIG B ITapaJljl€JIbHbIE CTPOKMH Ha
HCXOJIHOM JIOKYMEHTE CHMBOJIbI Ha M300paskKeHH! Jlarke I0CIe IMPOEKTUBHON HOpP-
MaJIn3aliil He MMeloT 0a30BbIX JIMHMIL. BoJiee TOro, MCKaKeHWIO MOABEPraloTCs He
TOJIBKO CaM# CTPOKH, HO 1 M300pasKeHusi OTJIeIbHBIX CUMBOJIOB. To ecTh JlaxKe 1oc/ie
IIPaBUJIbHON HPOEKTUBHOI HOPMaJIM3allli M300ParkKeHue CHUMBOJIA U3 1edPOpMUPO-
BaHHOII Ha UCXOIHOM JOKYMeHTe o0JiacTu OyIeT OTJINIAThLC OT N300ParKeHIs 3TOTO

JKe CHMBOJIa U3 HejteopMupoBaHHON obaacTu (CM. pUCYHOK 2.8).

Pucynok 2.8 — Ilpumep nckazkenusi n3obparkeHus OTAeIbHOIO CUMBOJIA ITPH MeXa-
HIIEeCKON JledhOpMAIN HCXOJHOTO JIOKYMEHTa, (cJieBa HAIpaBO: OTCKAHUPOBAHHBII

CHMBOJI, CHMBOJI IIPU ¢J1abOM U3rHOe, CUMBOJT TIPH CUJIBHOM H3rube).

B cuny ykasaHHBIX Bblllle 0COOEHHOCTEH (POPMUPOBAHUSA N300parKeHUs Ipu
CKaHUPOBAHNN, €C/IN 30HA JIOKYMEHTa 3aHNMaeT He Bce n300pazkeHune, To Jnbo Kpas
JIOKYMEHTa, JIETKO JIeTeKTUPYIOTCs, JIMOO 3amo/iHeHne n300paykeHus BHE 30HBI JI0-

KYMCHTa H€ OKa3bIBaCT BJIMAHNIA Ha aJI'OPUTMbI PacCIIO3HaBaHMA. HpI/I CbhbEMKE Ha
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KaMepy OPUEHTHPOBAHHBIN HEM3BECTHBIM 00pa30M B IPOCTPAHCTBE JOKYMEHT Pac-
110JI0YKeH Ha (POHE IPOUBBOJILHBIX O0BEKTOB U MOXKET ObITh OCBEIIEH Pa3IMIHbIM
YUCJIOM HCTOYHUKOB OCBEIIECHUS C HEU3BECTHBIMU IeOMETPUYECKUMU, IBETOBBIMU
1 APKOCTHBIMU XapakTepucTukamu. [Ipu sTom opurnnajbHbI JIOKyMEHT B 00IEM
caydae He 00s13aH MMETh CTPOTO MPSAMOYTOJIbHYIO (POPMY — OH MOXKET UMEThb CKPYT-
JIEHHBIE, 3arHyThie WM O0pe3aHHbIe YIJIbI, J1eeKThl IPSIMbIX KpaeB n jedopMaliun
B ILJIOCKOCTHU JoKyMeHTa. ClieHa, B KOTOPOIi IIPOMCXOIUT ChbeMKa, MOYKET COJePKaTh
B cebe MHOXKECTBO IIPUMHUTUBOB, HE OTJIMINMbBIX OT IPAHUIL JJIOKYMEHTa, U ObITH I10XO-
JKell 10 TIBEeTY UJIM TEKCType Ha 3aroJjiHeHre JoKyMeHTa (cM. pucyHok 2.9). B takux
YCJIOBUSX HAXOXKJIEHUE 30Hbl JJOKYMEHTa U BblJIEJIEHUE TEKCTOBBIX CTPOK CaMoO 110

cebe CTAHOBUTCSI JIOBOJILHO CJIOYKHOM 3ajadveii.

Pucynoxk 2.9 — Paszyimanbie BapraHThl OPraHu3aliun CIIeHbI ¢ TOYKN 3peHnst poHa.

CxeMma ocBelleHns JOKYMeHTa B CKaHepax MUHUMI3UPYET IOsIB/IeHNe TeHell 1
OJIMKOB JTazKe JIJIsl «IJISTHIIEBBIX»> CTPaHUIL JIOKYMEHTOB. [Ipn cheMKe Kamepoii B ecTe-
CTBEHHBIX CI[eHaX Ha M300PayKeHUsIX 9acTO BO3HUKAIOT MEperajbl sPKOCTH (TeHH,
OTpazKeHHst U T.JI.) ¥ I[BETOBBbIE MCKAKEHUs, KOTOPBIE YCJIOKHSAIOT 3a/1ad1 aHAII3a
n300parkKeHnilt U paclo3HaBaHUsI, HAIIPUMED, 3a CYeT MOTEePU CYLIECTBYIONUX WJIN

nostBJIeHNst (PAJIBbIIMBBIX TPAHUI] 00bEKTOB (CM. pucyHOK 2.10).

Pucynok 2.10 — M3006parkeHusi JOKYMEHTOB IIPU HAJUYNKM 3aTE€HEHUs] U IIeperajia,

IIBETOB.
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Honoyiauresibio sementsl 3amuTsl [200] 10KyMeHTa 9acTo cojepkar obJia-
et ¢ «rojiorpadudeckuMiy jeMentamu (cM. pucyHok 2.11 B nenTpe u crpasa),

KOTOpPbIE TaKzKe€ HNCKazKaroT I/1306p&}KeHI/Ie.

PNRUSK
601996

Pl/IcyHOK 2.11 — (DpaI‘MeHTbI 30H NOKYMECHTa C OJINKOM OT MMPOTAZKEHHOT'O NCTOYHUKa

cBeTa (J1aMIia THEBHOTO CBETa, CJIEBA), U € TOJOrpadiecKoil 3amuToit (B IeHTpe u

crpaBa).

Crout oTMeTuTh, 9TO (husnIecKuii mporecc OPMUPOBAHUST N300PAYKEHHST J10-
KyMeHTa, JIJIsI MaJIopa3MepHOil g poBoil BuieoKaMepbl aHAJIOTTYeH (DOPMUPOBAHIIO
doromzobparkenusi. Heobxommmoe g ONTHYIECKOrNO PacloO3HABAHUs pa3pelieHue
N300parKeHsT MOYKHO CUUTATH BHICOKUM C TOUKU 3PEHUsI TEXHOJIOIUI BUICOCHEMKH,
YTO IMPUBOJIUT K HEOOXOIMMOCTHU Ilepejadn OO0JIbIIOro moTokKa mHdopMmaiun. Ilo-
cJIeJTHEE PeIraeTCs MCIOJIB30BAHNEM allllapaTHBIX W ITPOIPAMMHBIX CPEJICTB CXKATHA
noroka Kaapos [196]. Takum obpazom, 1mpu HCHONB30BAHNE B 3ajade ONTHICCKOrO
pacro3HaBaHusi M300parkeHusi JOKYMEHTa B KadecTBe MCTOYHMKA CaMOro H300pa-
JKEHUST BHJICOKaMepbl He0OXOJIMMO YVUIUTBIBATHL elle 0oJiee HU3KOe, M0 CPABHEHUIO
C UCIIOJIb30BaHMEeM CKaHepa uin (pOoTOyCTPOCTBa, paspelieHe OTIeIbHOI0 KaJipa.
[Ipu 5TOM KayKjblii OT/IENbHBIN KaJjp H300paykeHHs MOJBEPraeTcs yIaKoBKe/ pac-
IIAKOBKE W MOYKET COJlepyKaTh apTedaKThl MCIOJb30BaHUs AJITOPUTMOB CXKATHS
¢ norepsamu. OIHOBPEMEHHO € STHUM HCIOJb30BaHHE BHJIEOINOTOKA II03BOJIET HC-
[I0JIb30BATh JIjIsI PACIIO3HABAHUS I10CJIEI0BATE/IbHOCTh M300parkeHunii, Ha, KOTOPBIX
JIOKYMEHT MOXKET PacIoJiaraTbCsi 1M0Ji Pa3HbIMU YIVIAMU, B Pa3HBIX YCJIOBHUAX OCBE-
IIEHWs U HPU Pa3HbIX YCJIOBHUAX (POKYCHUPOBKU. DTUM BoIpocaM OyJeT yjieJIeHO
oTJieJibHOE BHUMaHue B [uraBe 3.

PaccMmoTpuM OCHOBHBIE 3aJladl, KOTOpPbIE JOJIXKHBI OBITH PEIIEHBbI JIJIS I10-
JIy4€HHsl BBICOKOI'O KadecTBa Pe3yJIbTAaTOB pacliO3HaBaHUsl IIPU CO3JAHUU CHCTEM
OIITUYECKOI'0 BBOJIA JIOKYMEHTOB, YJIOCTOBEPSIIONINX JITYHOCTb, C HCIOJIb30BAHUEM
CTAIIMOHAPHDBIX 1 MOOMJILHBIX MAJIOPA3MEPHBIX IIMPOBLIX BUICO KaAMEP B KaveCTBe
NCTOYHNKA N300parKeHMs.

B 1iepByto odepeib [1Jisl IeJIEBBIX JIOKYMEHTOB HEOOXO/IMMO TOCTPOUTH MO/IEb

MEXaHN4YCeCKUX ,Z[e(bOpMaI_H/II/I NCXOJHBIX JOKYMEHTOB, IIPOBECTU aHaJIN3 BJINAHUA Ta-
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Kux JjiechopMmaliii Ha paclio3HaBaHUe U BbIOUPATh HEKOTOPbIE YPOBHH <«XOPOIINX»,
«JIOIIYCTUMBIX» U <«HelpueM/aeMbix» jedopmaliuii. Ecin JoKyMeHTbl NCIOJIHSIIOTCs
Ha TJIOTHOM TLJIACTUKE, TO CTPAHUILI MPAKTUIEeCKN He J1eOPMUPYIOTCH, MTOITOMY
BO3MOXKHBIMU MaJIBIMU U3rHOAMU MOYKHO IPOCTO Ipenedpedb. Briosinennbie Ha Oy-
Mare JOKYMEHTBI TIOJIBEPKEHbI «H3rHOaMy» U «CKPYUHBAHWUIO» (dalie BCero BIOJIb
WJIN TIOIIEPeK OCHOBHOTO HAIIPABJIEHHsI YTEHNUs ), MPHYIEM HHOT/IA BOSHUKAIOT <«BOJI-
HbI», KOI'JIa M3rHObI pa3HOHAIIPABJIEHHBI B pa3HbIX MecTax cTpaHullbl. OTie/bHbIil
BayKHbIII 1 JIOBOJILHO CJIOZKHBII CcJiydail BOSHUKaeT IpU PaclO3HABAHUU pa3sBOPOTA
JIOKYMeHTa, KOTJIa MEeK/1y JIByMs CTPAHUIIAMK €CTh eCTeCTBEHHbIN Crud, a caMu CTpa-
HUIIBI MOT'YT OBITH ITO-PAa3HOMY OPUEHTUPOBAHLI B IPOCTPAHCTBE.

Pazymmanbie BapuaHTbl OpraHU3allii CIIEHbI W IPOIecca ChEeMKHU OYeHb CY-
IIIECTBEHHO BJIMSIIOT Ha KadecTBO M300parkKeHuil, 103TOMY 00s3aTeIbHBIM 3TallOM
SABJISIETCA aHaJM3 Ipolecca chbeMKu. 1lo pesynbraraM Takoro aHajnsa ONpeess-
10TCsl 1 (DOPMAJIM3YIOTCSI I'PAHUIIBI IPUMEHUMOCTH pa3padaTbiBaeMOil TEXHOJIOIUH.
KputnmyeckumMu myHKTaMU sIBJISIFOTCSI:

— HaJIM4ne U CTEleHb BJNAHUS Ha N300parkKeHrne 0COOEHHOCTe ONTHIeCKO cu-

CTEeMbI 1 PErHCTPUPYIOIIeil mojcucreM (HAPUMED, JIUCTOPCHsI, PA3IUIHbBIE
IIYMBI, C2KaTHe N300payKeHuil n T.1.);

— pacrnoJIozKeHNe U KperJieHne JJOKyMeHTa, KaMepPbl 1 UCTOYHUKOB OCBEIIEHUSI
(B TOM dUHCJIe JIOMYCTUMBIE JUANA30HBI YIJIOB OTKJIOHEHUI JOKYyMEHTa OT
IIJIOCKOCTH (DOKYCUPOBKM, JTUATIA30H PACCTOSHUIN OT KaMepbl 0 JOKYMEHTA,
CKOPOCTb M3MEHEHHUs PA3INIHBIX XapaKTePUCTHK );

— CTeleHb KOHTPOJIUPYEMOCTH (DOHA U OCBEIIEHMUS.

[ToMuMO OOIIIX BOIIPOCOB »KeJIaTe/IbHO NCCIEI0BATH OCOOEHHOCTH KOHKPETHBIX
Mojlesieil KaMep, HallpuMep KadecTBO U CKOPOCTh aBTOMOKYCHPOBKH, IBETOIepe a-

4y 4 T.J.
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2.4 OcobeHHOCTH CHUCTEM PACIIO3HABAHUA M300pakeHmil JTOKYMEHTOB,
MOJIy9YeHHBIX C (POTO M BUJIEO0 YCTPOICTB

2.4.1 CioxkxHOCTU pacro3HaBaHUSA W300parkKeHuit

XoTsl n3HAYAIbHO OCHOBHBIMHU CIIOCODAMM BBOJIA ObLIN ILJIAHIIETHBIE U CIIEIN-
aJIN3UPOBAHHbBIE CKAHEPDI, PacCIo3HABaHUE JOKYMEHTOB C IOMOIILIO KaMep CTaJjio
0COOEHHO aKTyaJbHO B TedeHue rnocjiegaunx 10 jer Ojaromaps IMUPOKOMY pPacipo-
CTpaHEHUIO TOPTATUBHBIX KaMep 1 MOOMIBLHBIX YCTPOHCTB, HAIIPUMED, CMapPTQOHOB.

B npenpiiymux pasjesax Mbl 0OCYIMIN OCOOEHHOCTHU TIOJIYUYeHHs M300parke-
Huii ¢ doTokamep u Kamep MOOUJIbHBIX TesieoHoB. CrioxKHOCTH IpH 00paboTKe
dororpaduii 110 cpaBHEHNIO CO CKaHAMU JIOBOJIBHO MHOI'OYKC/IeHbI. Bo-11epBbIX, hoH
B CJIydae CKAaHHPOBAHHOIO N300parkeHusl, KaK IPaBIIIO, OJHOPOIEH, B TO BpeMs Kak
ororpadust JoKyMeHTa MOZKET OBbITh C/ie/IaHa Ha TPOU3BOJIHLHOM (hOHE (CM. PUCYHOK
2.12). PasHoposHblil 1 HEKOHTPOJMPYEMbIil (DOH MOXKET OKA3aThCsl MPEIsATCTBHEM
JIUIsT TOYHOT'O JIETEKTUPOBAHUA U JIOKAJIU3AINK JIOKYMEHTa, 0COOEHHO ecyi (DOH CO
CTPYKTYPHOI TOYKU 3PEHUsI CJUIIKOM CJIOYKEH, NMeeT MHOI'0 BbICOKOKOHTPACTHBIX
JIMHUH MJIN JIOKAJIbHBIX 00J1aCcTeil NI COIEePXKUT TEKCT, KOTOPBI UCIIOIb3yeMblil aJl-
FOPUTM pacIO3HaBaHUsl MOXKET JIOYKHO <«IIPU3HATL» 38 YacTb JIOKyMeHTa. BTopasi
CyIIleCTBEHHAsI TPYJIHOCTH pacio3HaBanus poTorpaduii — 370 HEKOHTPOJIUPYEMbIE
yCJIOBUSI ocBellieHus. 300parkeHust, MOJIyUYeHHbIE CO CKAHEPOB, BCETJia paBHOMEp-
HO OCBEILIEHbI, B TO BpeMsi Kak (ororpadust MoxKeT ObITh IOJIydeHa IIPU CJ1aboM 1
HEepaBHOMEPHOM OCBEINEHNUH, OBITh [epe- NI HeJ0IKCIO3NPOBAHHOMN (BBIMTOJTHEHHO
¢ HeJI0CTaTOUHOIT sKcnosuueit ). HepaBHoMepHOe ocBeleHne co31aeT mpodJIeMbl J1st
JIETeKTUPOBAaHUs U JIOKAJIU3AINI JOKYMeHTa Ha (poTorpadun, a TakxKe JJisi aHa/Il-
38 CTPYKTYPbI JIOKYMEHTa, PacIIO3HABAaHUsI TEKCTa U JPYyIUX KOMIIOHEHTOB. Kpome
TOI'0, CEPbE3HOI TIPOOJIEMOIl sIBJIsIeTCsl pacOKYCUPOBKa MJIM HAJMYNE Pa3MbITHSI.

Ho campIM BaKHBIM pas3jndreM MeK]y H300parKeHUsIMHU, IOJIyYeHHBIMU C
IIOMOIIIbI0 CKAHEPOB U KaMep, SIBJIFAeTCA IeOMeTPHYEcKoe II0JIOYKEeHHe JIOKYMEHTa
Ha m3obOpazkenuu. Ha mzobpazkeHmun, KOTOpoe IOJIYYEHO C ITOMOIIbIO BeO-KaMepbl
WM KaMepbl MOOHJIBHOIO YCTPOICTBA, JOKYMEHT MOXKeT ObIThb IIOBEPHYT Ha, BCE
Tpu yrja ilyiepa 10 OTHOIIEHUIO K ONTHYECKON cucreMe Kamepbl. Ecim kKamepa

paccMaTpuBaeTCs B paMKaX MOJEIN KaMepbl-0OCKYPbI, TO CeMelCTBO BO3MOYKHBIX
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IIOMOIIBIO cMapPTQOHA.

reoMeTpUUIeCKUX IIPeodpas3oBaHuil JOKYMEHTa Telephb SABJISIeTCs II0JMHOXKECTBOM
MPOEKTUBHBIX, YTO, KaK ObLIO IMOKA3aHO paHee, 3HAYUTEJIHLHO YCIOXKHSCT 3ajady
Ipe/IBApUTETLHON JIOKAJIN3AIMN JTOKYMeHTa. bojiee Toro, Ha OJHOM M300parkKeHun
BO3MOXKHO HECKOJILKO ITPOEKTUBHBIX ITPE0OPa30BaHUil JIjIsd pa3HbIX YacTell JTOKyMeH-
Ta, KaK B cJIydae 3axBara 00erxX CTpaHul] cOPOITIOPOBAHHOIO JJOKYMEHTA, HAIIpUMED,
nacropra (cM. pucyrok 2.13a). IlockobKy mapamerpsl 00beKTHBA KAMepPbl MOTYT
OBITb HEM3BECTHBI, M300paskKeHus JIOKYMEHTOB TaK»Ke MOI'YT ObITh IIOJIBEPKEHBI Pa-
JIMaJIbHBIM HCKaxkeHusiM. Hakoner, ecim caM JOKYMEHT He dBJISCTCS YKECTKUM, OH
MOXKeT OBbITb I0JIBEpKeH (DU3UIECcKOil gedopMaliii, HallpuMep, BO3MOXKEH U3rud 0y-
MazKHBIX CTpaHHUIL macriopra (cM. pucyHok 2.13b).

[Tomumo ororpaduii, ucmoib30BaHne BeO-KaMep U MOOWJIbHBIX YCTPOWCTB
JUIsl TIOJIyUeHUsl M300parkKeHnii JOKYMEHTOB IPHUBEIO K IOABIECHUIO JPYyIroro BHJIA
BXO/IHBIX JIAHHBIX — I10CJIeJ0BATEIbHOCTH BIIEOKAIPOB BMECTO OJ1HOIT (poTorpadum.
Vcnosib3oBanne BUIEOIOC/IEAOBATE/ILHOCT BMECTO (hOTOrPaPUM IO3BOJILET JIyUIle
KOHTPOJIMPOBATH ITPOIECC PACIIO3HABAHUS JOKYMEHTOB, a TaKKe JeJaeT BXOJHbIE
JIAHHBIE MEHee TI0JIBEPXKEHHBIMU TIOJIJIe/IKE, TTOCKOJIbKY BHJIEO CJIOXKHEe IojjIeaTh
110 CPABHEHUIO C €JIMHUIHBIM 3aIrPyrKaeMbIM N300ParKeHHIEM.

C TOuYKM 3peHus paclo3HaBaHUsSI U aHau3a JOKYMEHTOB, MHCIIOJIb30BaHUe
HECKOJIbKUX BXOJIHBIX N300parkKeHUil OJIHOIO U TOrO K€ 00bEKTa JIAeT JIOTOJHUTE b
Hble IIPEUMYIIECTBA: OKA3BbIBACTCS BO3MOYKHBIM IIPUMEHSTH METOJIbl (BUJIbTPAIIIN

N yTOYHEHUA [JId ITOBBIIICHUA TOYHOCTU O6Hapy}KeHHH n JIOKaJIN3alllnnu O6']3€KT&7
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Pucynok 2.13 — Ilpumepsl dororpaduii BHYTpEHHENO POCCHIICKOrO Macnopra: a)

KHIKHBIN Pa3BOpOT, b) M30rHyTast CTpAHUIIA.

HCII0JIb30BAaTh TaK Ha3blBaeMble METO/IbI «CBEPXPAa3pElIeHUs» JIJIsl IOy IeHIsT 1300~
pazkeHuit 0oJiee BLICOKOIO KAUeCTBa, a TAKyKe YJIYUIINTD Pe3y/IbTaThl paclio3HaBaHUs
TEKCTa IIYTeM HaKOILJICHUs IMOKaJPOBBIX PE3YJIbTATOB PACIIO3HABAHUA U WX WHTE-
rpamnuu B oJuH Haubosiee joctoBepHblil. Ha pucynke 2.14 npejcraBiieHbl IIPUMEPDI

B OCOKaAPOB, CHATBIX HJId HOKYMECHTa, YIOCTOBEPAIOMIECTIO JIMIYHOCTD.

Pucynok 2.14 — IIpumepbl BuJI€OKaJIPOB MOJYYEHHBIX JIJIA YJIOCTOBEPEHUS JIMUHO-

CTH, TJIe CIIeHA U3MEHAETCA OT KaJipa K KaJpy.
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B COBpPEMEHHOM MUDE IIPAKTUICCK NHTEPECHDI OKa3bIBalOTCA TOJILKO TaKHNeE CU-
CTEMDBI PacCllO3HaBaHMA YAOCTOBEPAIOINX JOKYMEHTOB, KOTOPbLIE IIOJIYHalOT Ha BXO/

paz3J/InyHble 110 CBOEIl NPUPOJE JIaHHbBIE.

2.4.2 Omnenka kKadecTBa M300parKeHUs

MbI Bujie/in, 9T0O BXOJHBIE N300parKeHs CUCTEM OITUYECKOIO paclio3HaBaHMUs
MOI'YT IOJBEPraThbCsi OOJIBIIOMY KOJUYECTBY Pa3/IMUHBIX HCKaKeHHil, 0COOEHHO B
HEKOHTPOJIMPYEMbBIX WM €CTECTBEHHBIX YCIOBUSIX CheMKHU: J1eOKYyCHPOBKa, CMas,
g poBoil 1MIyM, pasJajka perucrparopa, apredarTbl C:KaTust, OJUKU, TPOEKTHB-
Hble MCKarKeHUsl, ITIOBPEXK IeHNsI 00beKTa 0bpaboTku u T.i. IIpodiiema 3ak/odaercs
B TOM, 9TO IIPHU NCKAYKEHHBIX BXOJHBIX JAHHBIX MOBEJEHIE CHCTEM PaCIO3HABAHUS
He Bcerjia IpejcKa3yeMo, 13-3a 9ero HeBO3MOXKHO KOPPEKTHOe IIPUMEHEeHNEe MeTO/I0B
olpe/jie/IeHust JJOCTOBEPHOCTHU Pe3y/IbTaToB paciosnaBanusd. Ciiel0BaTeIbHO, JJIs 10~
CTPOEHMs CUCTEM PaCIO3HABAHMS 3aJIaHHON HaJIe?KHOCTU HEeoOXo/MnMa pa3padoTKa,
METOJI0B KOHTPOJISI Ka9eCTBa, BXOIHBIX M300parkKeHmuil.

Beegem orpeenieHnst OeHKN KadecTBa n300paykKeHuil, HeoOXoAnMble JIJIs 110-
CTPOEHUsI MOJIEJIN X BHEJIPEHUS B CHCTEMBbI pacio3HaBaHusg. O0beKTUBHbBIE METO/IbI
OLIEHKH KadecTBa M300parkeHuil MOryT ObITb KJIACCH(MUIIMPOBAHBI 110 JOCTYIIHOCTU
HCXOIHOro n300parkerusi. Kpome 3Toro, pe3y/abTaToM MeTOJa MOYKeT SIBJIATbCS Kak
CKaJIsIpHasi OIleHKa, TaK 1 N300parkKeHne WK APYroit 00beKT, 3a1af0IInii OI0KEeHIe
U CTelleHb MPOSBJICHUS PA3IMIHBIX HCKAYKEHMUI.

ObosHaunM 3a 7 MHOYXKECTBO BXOJHBIX N300parKeHWil JIJIsi paccMaTpUBAEMO-
ro Meroja OoIeHKHu (), a 3a D — MHOYKECTBO BBIXOJHBIX OIEHOK KadecTBa. [lycThb
umeercss n3obpazkenne I € Z. OObeKTUBHOI (QYHKIMEl OIeHKH KadecTBa B CJIy-
yae OTCYTCTBUU MHPOPMAaIN 00 MCXOIHOM H300pazkeHnn Ha3oBeM (PYHKINO ()R,

NMPUHUMAIOIILYIO OJIMHOYHOE BXOJHOE M300parKeHue:
QNR:I%D. (21)

[Ipn wagumaum UCXOAHOrO (He MOJBEPraeMoro HCKayKeHWIO) HU300paskeHust

I* € T, cooTBeTCTBYIONIUIT MeTO OLeHKN ()pRr BBINVISIINT, KaK:

QFRizXI%D. (22)
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B ormenbHBIX ciaydasix JOCTYIIHA JIMIIb 9acThb HHQMOPMAINKE 00 HCXOIHOM
n300parkKeHn#, CIocoOCTBYIONIAs OlleHKe cTelleHn ero nckaxkenus. Q003Ha4InB 3a P
MHOXKECTBO YKa3aHHOI BCIIOMOraTeIbHON nHMOpMAI, HoaydaeM Bu MeTona (Qpr

¢ JacTU4HON mHopMaImeir 00 MCXOITHOM M300ParKeHNN:
QPRZIX’P%’D. (23)

Pacemorpum mogpobaee MHOXKeCTBO D BBIXOJIOB MeTOJ10B. B caMoM pacipo-
CTpaHEHHOM JIJIg O0IIell OleHKH KadecTBa ciaydae D = Dg upeicrapisier coOoit
MHOKECTBO CKaJIIPHBIX JieficTBuTe/IbHbIX unces R ¢ orpanuuennem Hal0,1], e 1
O3HA4YaeT OTCYTCTBUE HOBPpexKJeHuil, a (0 — Haju4dMe cepbe3HbIX IIOMEX Ha, M300pa-

KEHUNM:

Q(I) =D € Dr. (2.4)

O 1HaKO B KOHTEKCTE TPUMEHEHHS B CHUCTEMaX paclio3HaBaHus BayKHO 3HATH T10-
JIOZKEHUE B IIPOCTPAHCTBE U CTEIeHb NPOABJICHUSA COOTBETCTBYIONINX NCKAKEHUIT Ha
BXOJIHOM M300pazkeHnu. JJaHublit 3hPeKT MOKHO MOJTYIUTH MPAMBIM PACITHPEHUEM
D 10 MHOYKECTBa BBIXOJIHBIX N300parkeHuil. DT n300parkeHust MOI'yT IPEICTABISITD

co0oit OMHApHBIE MACKHU, 3aJiaBasi TOJbKO ITOJIOKEHIE NCKAXKEeHUsI B IIPOCTPAHCTBE:
Q(I)=DeDp, D={d,,, € {01}|xy:1,, €1}, (2.5)

WM KapPpTbl BEIIECTBECHHBLIX YHCEJI, OLCHNBAIOIIUE CTEIIEHDb IIPOABJICHM S UCKaKeHU it

B KazKJIoil Touke [, ,, MCXOJHOr0 M300parKeHusl:
QUI)=DeD;, D= {dey €Rpylz,y:Loyel}. (2.6)

J171s1 HEKOTOPBIX BUJIOB HCKarKeHuil nHdopMalins o Jerpajialiil B KaxK 10l To4-
Ke MCXOJIHOI'O M300ParKeHsI MOXKeT ObITh N30LITOYHON 1 HEYI00HOM JIJIs JTa/IbHe el
00pabOTKHU, IIOITOMY BBEJIEM JIONOJIHUTE/IbHbIE TUIILI BO3BPAIAEMbIX 3HAUYCHUIT Me-
TOJIOB OIICHKHN KavecTBa, TaKne, KaK KOMIIOHEHTHI CBSI3HOCTHU JIJIs CJIydasd OMHAPHBIX

MaCOK CO CTelleHbIO IIOBpeXK/JIeHud ¢ - DR B ,ZLaHHOﬁ KOMIIOHEHTE:
Q (]) = D - Dc,D = {(qZ,CZ)} ,CZ' = {(:E,y) ‘ZE,y . vay - I} ,CZ' N Cj = @, (27)

nJjim OKafIMJIE{IOLLLI/Ie NPAMOYTOJIbHUKHN ITOBPEXKIACHHDBIX O6JI&CT€ﬁ, 3aJJaHHbIE KOOPIU-

HaTamu (x,y) BEpXHEil JIeBOil TOUKM, MUPUHON 1 BbIcOTOH (w,h):

Q(I) =D € Do,D = {(qi, (zi,yi;wi,hi))} - (2.8)
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B jpasbHeiiem 101 MHOXKECTBOM OVJIET IOJpa3yMeBaThCsi OJHO U3 BbIIIEIe-

peYnCJICHHBIX MHOXKECTB!:
D e {DR,DB,D[,Dc,Do}, (29)

B 3aBUCHUMOCTH OT KOHKPETHOI'O IPUJIOXKEHIS 380X nH(OpMaInon 00 nCKarKe-
HUSIX.

OnumreM 1poIecc BCTPaUBaHUS MOMIYJIEHl OIEHKM KadecTBa M300parKeHuit
B cucremy. PaccMoTpuMm cucTemy pacrio3HaBaHusi OOINEro BHjia, COCTOSIIYIO 3
HECKOJIbKUX MojyJieit. OrpaHudumMced MOJy/IeM S; U TeMU BBbIXOJAMU 7T , KOMIIO-
HEHTBI V; j KOTOPBIX COJIepzKaT JlaHHble U3 MHOKecTBa u3obpazkenuii, T.e. , v;; € L.

Ilycrs Qi j — MOJyJIb OLIEHKU KadecTBa M300pazKeHuil Jj1d %,j-ro BbIXOJa 110/I-
cucreMbl S;, IPUHUMAIOMINE Ha BXoJ 7 ;. JlanHblil MOIyIb peanusyer OIHy u3
OIICAHHBIX B IIPEJIBLIyIeM pasjeste dyakiwit Q) (I) u Bo3Bpanaer oleHK KalecTBa
¢ij € D;j, xoropble, KaK OblLI0 0003HAYEHO paHee, ABJIAIOTCS IIPOCTPAHCTBEHHBIM
pacupe/ie/ieHieM OICHOK KadecTBa Jyld MOCTYIHUBIIEro U300pazkKenus v; ;.

BeejieM Mo/1y/ib KOPpeKIUNI U NPUHSATHsT PelleHnil o JajbHeiineil oopaboTkKe
;. j, IPUHUMAIOIIMIT Ha BXOJ, KaK OICHKI KauecTBa ¢; j, TaK U pe3yJbTatT 1; ;. Jannblit
MOJLyJIb BO3BpaaeT MojuduinpoBattble pe3yabTarhl 17 ;. BaxHoil ocobennocTbIO
), j ABJIFCTCH BO3MOKHOCTD BblJIaul OTKa3a B Jla/ibHeliineil oOpaboTKe, Korjia IoBpe-
JKJIeHUe HMOKPbIBaeT OOJIBIIYIO HacTh U300pazkKeHus v; j, U Iepejadn coodlienus oo
9TOM POJIUTENILCKON mojgcucTeme S; IOCPEJICTBOM OOPATHOI CBSI3N.

[TocaeHuM BBOIMMBIM MOJYJIEM B CUCTEMY SIBJISIETCSI OIIMOHAJIBLHBIN MOJLYJ/Ib
BHIUMAaHUsI WM UHTepeca A;, cooTBercTByIomuil mojcucreme S;. Ero zamada — mo-
CTPOUTH KapTy uHTepeca a; (x,y) momcucteMbl S; B ydacTKax 00pabaThIBAEMOTO
IIOJICUCTEMOT 00'bEeKTa IPU YCJIOBUHU €0 BBIJAEJICHUs Ha IMPEIbIIYIIAX dTalax, 3a
CYEeT Yero BO3MOYKHO KOHTPOJIMPOBATH IPUOPUTET 00PAOOTKU B BHJICOITOTOKE.

Ha pucynke 2.15 npouurrocTpupoBaHa Mojes b Ipada MOJCUCTeM U X CBs3eil

nocJjie jodaBJIeHnsT MOJTyJIeil OIEHKN KavecTBa N300parykeHuil B Mporece 00paboTKH.

2.5 Jlokanmzanusa n naeHTUUKAINSA JOKYMEHTOB

TpajuIuoHHo 3a/1a49a MoucKa 1 neHTHUKAINKT JJOKYMEHTa peliaJjach Ha O1-

HAPU30BAHHOM M300parKeHNH ¢ MPUBJICIEHIEM PA3JINIHBIX aJlTOPUTMOB (OMICAHHBIX
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SN

Pucynok 2.15 — I'pad cucrembl 00pabOTKU ¢ MOJYJISIME OLIEHKKM KadecTBa n300pa-

JKEHU.

B ['1aBe 1), B 0OCHOBHOM 0a3MpYIOMINXCs HA HAJOYKEHUH IMTA0JIOHOB WM CEMAHTUIe-
CKOM aHaJIn3e pe3yJibTaToOB paclo3HaBaHus UMEIONXcs TeKeToB. Oba 3TUX MoX0/1a,
c71a00 TMPUMEHUMBI K JIOKYMEHTaM, Y/0CTOBEPAIONINM JITYHOCTH, B TOM YHCJE 34
CYET CJIOYKHOCTHU TIOJIyUeHUs] aHaJU3upyeMoro m3odpakenus. HekoHTposmpyembie
YCJIOBHUSI M CIIEHA ChEMKH JIeJIal0T Ka9eCTBEHHYIO OMHAPU3AIINI0 ITPOOJIEMATHYHOI.
Kpome Toro, TpaJuimoHHbIe TOAXO0/IbI JIOKAJIM3AIUNA U UIeHTUMUKAINN JIOKYMEHTa,
OOBIYHO 0A3UPYIOTCS Ha aHAJIN3E XOPOIIO Pa3InINMbIX CTATHYECKUX TEKCTOB. B 3a-
Jlaye paclio3HaBaHUs JOKYMEHTOB, YJIOCTOBEPAIONINX JIMYHOCTh, KaK Mbl IOKa3aJ/1
BbIIIE B HACTOSIIEN IJlaBe, 3TO JlaJIeKO He TakK.

Takum obOpazoM HeOOXOMMO MPUMEHSTH JIPYTue IMOJIXOJbl K PEIICHUIO0 STHX
3aJ1a4, KOTOpble B COBPEMEHHOI Hay4HOIl IKoJe MPUHSATO Ha3biBaTh «Lowe-based

segmentation».
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O0o3HaYMM MHOXKECTBO HU3BECTHBIX THUIIOB JIOKYyMeHTOB Kak 1. IlockoJsibKy
HEKOTOpbIe NH(MOPMAIMOHHBIE 101 JOKYMEHTa IIOYTH He Pa3/JInIiMbl MEeXK Ty OO0t
MHAUYe Kak M0 MOJIOKEHUIO0 (HAIPUMEp — JaThl POXKJEHUs U BBIIAUN), JJIs YCIIelll-
HOII aTpuOyIuu 1oJeil Mbl JIOJZKHBI HE TOJBKO PENIUTb 3aJiady KJIaCCUPUKAIIN
n300parkeHuns JTOKYMeHTa U3 MHOKecTBa 1, HO U IPUBA3aTh (PU3NIECKYIO CHCTEMY
KOOPJIMHAT 9TOI'0 THUIIA JOKYMEHTa K N300parkKeHuto. /Iyt 9Toro MOXKHO BOCIIOJIB30-
BaThCA CJIEIYIONINM IIPUEMOM: I KaxkKaoro Tuma us3 1 3apaHee co3naTh 1mabJIoOH
(obpaser; m300pazkeHusl JAHHOTO JIOKYMEHTa), a I[PU PACIO3HABAHUU IOCJIEI0Ba-
TEJILHO DEIIaTh 3ajady YCTAHOBJEHHUs] COOTBETCTBHs (KOPPECIIOHIEHINN) MEXK Ly
BXOJIHBIM HM300parkKeHneM U KaxKJbIM 13 00pasioB. IIpu npussizke u3odparkeHmit
¢ MobOmIbHOrO TesedoHa CyIeCTBEHHBI TPHU IPOOJIEMbI: M€OMETPUYECKNe HCKazKe-
HUsl, HEKOHTPOJIMPYEMOe OCBellleHne U OKKJIo3uu. Jlake ecyim cauTaThb JOKYMEHT
JKEeCTKHUM U IIJIOCKHIM, ero o0pa3 IoBeprKeH IIPOEKTUBHOMY MCKaxKeHno. Pacrio3Ha-
BaeMblil JJOKYMEHT OCBeIlleH He TakK, KaK o0pa3ell, IpuieM, BO3SMOYKHO, HepaBHOMEPHO
U Ha HEeM MOryT ObITb Oyinku. HakoHer, JOKyMeHT MOXKeT He IIOIaJaTh IEJIUKOM B
Ka/Ip WK ObITh YaCTUIHO 3aCJIOHEeH TaJibliaMi. K ToMy ke, XOTsI paccMaTpuBaeMble
HAMI JIOKYMEHTBI I U3TOTABINBAIOTCS C UCIIOJIB30BaHIEM OJIaHKa, CO/IEPKAIIEero rpa-
bugeckue s7eMeHTbI, OOIIHe JIsT TAHHOTO THIIA, OHU COJIEPKAT U 3aIl0JIHEHIe (TEKCT,
MOJIITNCH, IIITaMIIbI, (poTorpadun u Jp.), HHANBIILYATHHOE [JIsT KAXKJ0TO IK3EMILIsi-
pa, Tak:Ke <«3acJIoHsIomeey OJIaHK.

st perienns 3aJiadqr yCTAHOBJICHUSI COOTBETCTBHUSI B TaKUX YCJIOBHUAX XOPO-
10 cebsl 3aPEeKOMEH/I0BaJI IOJX0/I, 0Aa3UPYIONINIiCs Ha COIOCTABJIEHHN JIOKAJIbHBIX
ocobennocreit m3o6paxkenuii [201]. Bmecto Toro, 9To6bl paccMaTpUBATE MHOZKECTBO
BCeEX IHUKcesIell mabJ/ioHa, Ha ero n300parKeHnn BbIJIEIsII0TCA TaK Ha3blBaeMble KJTIove-
BbIe TOUKH (0COOBIE TOUKN ), KOTOPBIE MPEJCTABIISIIOT COOOI TOCTATOUHO YHUKAbHBIE
YCTOWYNBO JleTeKTHpyeMble obsacTu. B ciaydae paccMOTpeHHsT CJBUTOBOM MOJICIH
HCKayKeHIsl OTHOCUTEJbHO IMIAabJI0OHA Karkjasl KJrodeBask TOUKa (DUKCHPOBAHHOIO
pasmepa MOKeT ObITh 3a/laHa JIByMs KoopinHaTtaMu. B adpdunrHON MoIem ToUKa, 110~
MUMO KOOPJIMHAT JOMOJHUTEILHO KOAUPYETCA HallpaBJIeHUEM M MaCIITaOUpYIOIIIM
ko dunmenTom. Ha JaHHBIII MOMEHT M3BECTHO MHOYKECTBO aJI'OPUTMOB JI€TEKTH-
poBanus kiodeBbix Touek (Harris, Shi-Tomasi, FAST, YAPE, SIFT u apyrue).
OTU AJITOPUTMbI PA3/IMYAIOTCA KaK 110 ObICTPOJIEHCTBUIO, TaK U IO YCTOWYUBOCTH
JIETEKTOPa K Pa3/JIMIHbIM KJIAacCaM HCKayKeHuil m3o0parkenus. [JlaBHbIM KpUTEpUeM
IIpU BBIOOPE JIeTEKTOPA B 3a/a4e PACIo3HABAHNS UIeHTH(DUKAIIMOHHBIX JJOKYMEHTOB

ABJIFAETCA COOTHOIIECHUE CKOPOCTHU pa6OTbI 1N BEPOATHOCTHU BbIACJICHNA YHHNKAJIbHBIX
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ocobeHHOCTel TPU (PUKCUPOBAHHOM JHCJIe JeTEeKINi Ha n300pazkeHun. TakomMy Kpu-
TEPUIO0 OTJIMIHO COOTBETCTBYyeT ajsroput™m YAPE.

s karkporo mabdsoHa mu3 1 MOXKHO 3apaHee BBIYHUCIUTL €0 «CO3BE3IHE»
KJIFOUEBBLIX TOYeK. IIpu 3TOM 04YeBHIHO, YTO B TaKOE CO3BE3/ue JIOJYKHBI BXOJIUTDH
TOJIbKO TOYKH, NpUHAJIeKaIe OJaHKY JIOKyMEHTa, a He ero samnoJjHeHuio. [lo
CO3BE3JIMI0 KJIIOUEBBIX TOYEK, BBIJICJICHHBIX YK€ Ha BXOJHOM H300parkKeHUu J10-
KyMEeHTa, MOXKHO OIIEHUTh COOTBETCTBHE KarkJoMy u3 IadjoHoB. Torma 3ajada
KJIaccMUKAIIMN TUIIA JIOKYMEHTa, CBOJIUTCA K BHIOOPY HAMJIYUIIEro U3 II0JIyUeHHbBIX
COOTBETCTBUIA.

st Toro, 4ToObl MOXKHO ObLIO IIPH IIOCTPOEHUM COOTBETCTBHSI Pa3/IMdaTh
HaflJIeHHbIe KJIIOUEBBIE TOYKH, JIJISI KaxKJIO0fl M3 HUX BBIUHUC/ISIETCS TaK Ha3bIBae-
Mblii jteckpurnTop. Ilo cyTu, on npejgcrapiser coboil BEKTOpP NMPU3HAKOB JIOKAJIbHOI
OKPECTHOCTHU JAHHON TOYKU U II03BOJIET CPABHUBATH MX MEXKJIy CO0Oi C IOMOIIbIO
HEKOTOPOiT BBeJIEHHOI MeTpUKH (0OBIMHO UCIOJIb3YEeTCs TIepBasi W BTOpas HOpMa
pasHocTn). YeM MeHbIIe BBIUUCJICHHOE 3HAUEHNE METPHUKHU, TeM OOJIbIe TOUYKHU T0-
XOJAT JAPYI Ha Jpyra.

Ha pucynke 2.16 npubejena oOlas cxema JIOKAJIU3AIUN U UJIeHTUPUKAIIN

JIOKYMEHTa, C IIPUMEHEHUEM JIeCKPUIITOPOB 0COOBIX TOYEK.

BbigeneHue BbidmncneHme

BxogHoe nsobpakeHue
A P 0coBbIX TOYEK AecKpunTOpos

v

ConocragneHue Tun AOKYMEHTE K
ConocTapneHue
NOKaNbHbIX AN HOOPAWHATBI
ocobeHHoCcTel YeTblipexyronbHUKa

-

Baza moaenei
AOKYMEHTOB

Pucynok 2.16 — Ob6mast cxema JoKaIu3aln 1 UIeHTH(MUKAIINT JOKYMEHTa ¢ IPHU-

MeHeHneM JECKPHUIITOPOB 0COOBIX TOYEK.

HecmoTpst Ha TO, 9TO Ha CEroOAHSIIHMII JIeHb CYLIECTBYET JIOBOJBHO OOJIb-

10€ KOJIMYECTBO Pa3JIMIHBIX CIIOCOOOB IOCTPOEHUS JIECKPUIITOPOB, MO3BOJISIIONINX
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CTPOUTH JOCTATOUHO 3(bDEKTUBHBIE JIJIs [eJIell OIICAHNs PErMOHOB (TaTyeil) n3006pa-
JKEeHNN Pas/IMIHoOl TeMaTHKU, ¢ TOUYKN 3PeHUs BEIYUCIeHUN U IOTPeO/IeHNsT TIaMSITI
s dheKkTIBHEE OKA3BIBAETCS TOCTPOEHUE CIIEINAJIbLHOTO IPU3HAKOBOI'O OIMCAHNS I1aT-
qeif, XxapaKTepHbBIX [IJIs1 n300pazkKeHuil T0KyMeHTOB. B ciemytomiem pasjesie omucaHo
CeMeIiCTBO JeCKPUIITOPOB, pa3zpaboTaHHoe KakK pas st 3(EKTUBHOIO PEIIeHns 3a-

da4dn COIIoCTaBJIEHUA JOKYMEHTOB.

2.5.1 lecKpunTopsbl AJsd 33JaYN JIOKAJIU3AINN 1 KJIacCUPUKAITIN
ID-nokymeHTOB

Kaxk ckazano Bbllie, BLIOOP MPABUILHOIO aJIFOPUTMA MOCTPOEHUS JIECKPUIITOPA
B 3a/1ave JIOKAJIM3alii 1 KJiacCuUKaIIN JOKYMEHTOB, YI0CTOBEPSIIONINX JITTHOCTD,
sIBJIIETCST KpaitHe BayKHBIM. [IpoMBbIIIIeHHBIE PACIIO3HATOIIIE CUCTEMbI 1O/ IePyKIBa-
I0T paclo3HAaBaHNE HECKOJBKUX THICSY PA3/JIMIHBIX YIOCTOBEPSIIONINX JTOKYMEHTOB
(B HaCTOsIIIIEE BpeMsT BO BceM Mupe jieficTByet 6osiee 2000 pasinIHbIX YI0CTOBEPSIIO-
mux jokyMenToB [202]). Eciin npe/nosioxKuTh, 910 KazKiblil JOKYMEHT MOXKeT ObITh
IpeJICTaB/IeH JIJIs 1esieil JoKaau3auun 1 ujaeHTudukanmn nopsaaka 300 Toukamu ¢
COOTBETCTBYIOIIMMHI JIECCKPUIITOPAMU, a KayKJblil jeckpunrop Tpedyer 2048 out =
256 GaiiT (coorBercrByer geckpuntopy SURF [78]), To mosmyuaercs, 910 TOJIBKO
JIAIIB JIJISI XpaHeH!sT TaKoil ommcaTe/IbHOM 0a3bl JOKYMEHTOB HOTPeOyeTcst MOPsIIKa,
220 M6. Kpowme Toro, pazmep AecKpHUIITOpa KpaTHO BJIMSAET Ha CKOPOCTh BbIUHMC/ICHHMIT
[pU peIeHUN 339l JIOKAJIM3aIu U WICHTUPUKATIIH.

[ToMuMO M3BECTHBIX M 3aPEKOMEH IOBABIINX CeOsi MHXKEHEPHBIX JIECKPUIITOPOB
SIFT [203] u SURF [78], B Hacrosiiiee Bpemsi aKTHBHO HCIIOJIB3YIO 0OydaeMble
neckpuntops: RFD [204], BEBLID [205], BinBoost [206]. Ilo kauectBentbiM n
BBIUNCINTEIBHBIM XapaKTePUCTUKAM TaKie JTeCKPUIITOPBI 00XOIsIT MHKEHEPHBIE J1e-
cKpunTopbl. OIHAKO BaKHO OTMETUTL, UTO HPH OOyUYEHHH TaKUX JIeCKPUITOPOB
OYeHDb BayKHO HUCIIOJIb30BATDH MMPAaBUJILHBIN HAOOD JAHHBIX JjIs 00yUIEHUS.

Heckpunrop RFDoc — obydaemblit JIeCKpUIITOP, MOCTPOEHHBIN 10 MPUHITAITY
RED [204], npejHasHaveHHbIN ClENUAIbHO I PeIleHnst 3a/1a4d JIOKAJIU3alun 1
nJIeHTUUKAIIIT JTOKYMEHTOB.

B kadecrBe Habopa JaHHBIX JJIsi OOYYEHHSI JIECKPHUIITOPA OBLIM KCIIOJIb-

30BaHbl CJIEAYIOIIMeE Ha60pb1 JaHHbIX HOKYMEHTOB, YIOCTOBEPAIOIINX JIMIYHOCTDL:
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MIDV-500 [207] u MIDV-2019 [208] (cm. pucyrnok 2.17). B macrosmeii pabore
yKa3alHbIM HabopaM JaHHBIX Oy/IeT yjeldeH OTAebiblii pasmena. OjamHako 3/1ech
BaKHO OTMETHTB, UTO IO CBOEil CTPYKType JaHHble HAOOPbI JaHHBIX COJEpIKAT
1300pazKeHNs MYJISZKEH YIIOCTOBEPSIIOIINX JOKYMEHTOB, TOJTyYCHHBIC IyTEM ChEM-
KN Ha KaMepbl MOOMJILHBIX yCTpoiicTB. Bee m3obpazkennst anHoTHpoBab! (yKasam
IETBIPEXYTOJBHIK JTOKYMEHTA Ha KaKJIOM H300PayKeHUH, KOODIMHATHI CTATHIECKIX

OOBEKTOB U JIAHHBIX 3allOJHEeHUs U T. II.).
r s |

-t' *.L Tm'n.l.-u-

.-_‘_‘F.

h | P, i |
Pucynoxk 2.17 — WmocTpalinsg peruonoB CTATUYECKNIX 9JIEMEHTOB JIOKYMEHTa, (Bbme—

JICHBI 3CJICHBIM HBGTOM) " IIEPEMEHHBIX IIEPCOHAJIbHBIX JaHHbIX (BbI,ZLe.HeHbI KpaCHbIM

IIBETOM ).

Ha pucynke 2.17 npupejen npumep nsoOparkeHus JOKYMeHTa, Ha KOTOPOM
JIOIIOJIHITE/IbHO OTMEYEHBI 3€JIeHbIM I KPACHBIM I[BETAMI 00JIACTU CTATUIECKUX dJIe-
MEHTOB JIOKYMEHTa, a TaKxKe 00J1aCTH, OTHOCAIINECs K 3aliotHeHnio. Vcnoib3oBanue
TaKUX aHHOTUPOBAHHBIX M300parKeHUil 103BOJIIET MOJTIOTOBUTH 00ydaeMblil HaOOP
— KOJLJIEKIINIO II0JIOYKUTEJIbHBIX W OTPUIATEIbHBIX IaTdeil, HeOOXOIUMYIO JIJisi 00Y-

JqeHust JeCKpHUITopa (cM. pucyHOK 2.18).

W oo EE e
25 - BERF Rl S

Pucynoxk 2.18 — IIpumepsl 0JIOKUTENBHBIX U OTPUIATETBHBIX MTap MaTydeil, NCIOb-

3yeMbIX IIpu obydenun jgeckpunropa REFDoc.
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Ta6JII/ILLa 2 — KadgecrBo JIOKaJIN3allnu 1 I/I,ZLGHTI/I(i)I/IKaLLI/II/I JOKYMEHTOB C UCIIOJIb30Ba-

HUEM Pa3/IMYHBbIX TUIIOB JIeCKpUITOopoB Ha Habope MIDV-500

KagecrBso wmaccu-

Ne | Heckpunrop P Kauectso sokasmsammu | PasMep 1ecKpHITOpa

| 1 | RFDoc | 93.458% | 85.128% | 192 6ura |
| 2 | BEBLID-512 [205] | 93.508% | 85.226% | 512 6ur |
| 3 | BEBLID-256 [205] | 92.783% | 84.072% | 256 GuT |
| 4 | BinBoost-256 [206] | 91.116% | 81.132% | 256 Gur |
| 5 | BinBoost-128 [206] | 85.958% | 73.588% | 128 6ur |
| 6 | SURF [7s] L ol2a1% | 82.783% | 2048 Gurr |

Tabymia 3 — KadecTBo jioKamu3anuy n uaeHTUMUKAINN JOKYMEHTOB C UCII0JIb30Ba-

HUEM pa3/IMYHbIX TUIIOB JIeCKpuITopos Ha Habope MIDV-2019

No | Ieckpumrop Rarecrno  nacen- | oo mokammsamm | Passep teckpiopa
duxamm

| 1 | RFDoc | 88.875% | 75.535% | 192 6ura |
| 2 | BEBLID-512 [205] | 85.854% | 75.001% | 512 6uT |
| 3 | BEBLID-256 [205] | 83.833% | 72.368% | 256 GuT |
| 4 | BinBoost-256 [206] | 79.916% | 63.074% | 256 6T |
| 5 | BinBoost-128 [206] | 68.791% | 50.262% | 128 6ur |
| 6 | SURF [7s] L TB666% | 61.542% | 2048 Girr |

Heckpunrop RFDoc obyuasica mo mpuniumny odoydenus: jeckpunropa RED,
¢ JIOTIOJIHUTETHHBIM OTPAaHUYeHNeM Ha pa3Mep JIecKpunTopa. B pesyiabrare oOyduen
OMHAPHBIN JIeCKpUIITOP pasMepoM 192 Oura.

KadecTBo paboThl 00YYEHHOrO JIETEKTOPa ITPOBEPSAIOCH B PaMKax pelleHust
3a/1a91 JIOKAJU3AIMN 1 WJIEHTUPUKAIINT YJIOCTOBEPSIONNX JTOKYMEHTOB Ha HabO-
pax gaxabix MIDV-500 u MIDV-2019. Tabuns: 2 u 3 comepzKar KOJIMIeCTBEHHBIE
noKazaTe i PabOThl CUCTEMBI PACIIO3HABAHUA MPU UCIOJHL30BAHUN PA3JIMIHBIX Jle-
CKPHUIITOPOB.

Hnsa onenkn sdpdekruBnoctn jgeckpurnropa RFDoc ¢ Touku 3penus morped-
JIEHUsI TaMsTH ObLJT BBINOJIHEH CJeayionuil sKcrepuMenT. s Bcex 1mab/ioHOB

JIOKYMeHTOB 13 Habopa Janabix MIDV-500 Oblin mocunTanbl 0coOble TOYKU U CO-
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Tabnnia 4 — HeobxommMoe KOJIMIecTBO MaMITH JIJIsl OIUCAHNI I1a0JI0HOB

BCeX JOKYMEHTOB Habopa ganubx MIDV-500

| Ne | Jleckpurrop | Pasmep necxprirropa | Heobxommmrit o6men mamsr, M6 |
| 1 | RFDoc | 192 6ura | 8.6 |
| 2 | BEBLID-512 [205] | 512 6ur | 22.7 |
| 3 | BEBLID-256 [205] | 256 Gut | 11.5 |
| 4 | BinBoost-256 [206] | 256 Gut | 11.5 |
| 5 | BinBoost-128 [206] | 128 Gur | 5.8 |
| 6 | SURF [78] | 2048 Gur | 82.0 |

OTBETCTBYIOIIE JecKpurTopbl. OOl 00beM HaMsITH, HEOOXOMMMBbII JIjIsI TaKoii

oreparyu, mpejcrapjiel B Tabsuie 4.

2.5.2 AaroputMm BbIOOpa JIydIiero ImadJjioHa

Tak Kak KOJIMYECTBO 3arOTOBJICHHBIX IMabJIOHOB JIOKYMEHTOB MOXKET ObITh
BEJINKO (Ha CeroHAIIHuiT geHb n3BecTHO 6ostee 2000 YHUKATBHBIX MMAabIOHOB pa3IN-
HBIX YJIOCTOBEPSIONINX JOKYMeHTOB [202]), TO mMeeT CMBIC/ [epe]] TeOMEeTPUIeCKIM
COIIOCTaB/IEHNEM I1a0JI0HOB OTOPOCUTH 3aBeJ0MO HEIIOIXOISIIIIe. JTO MOYKHO JIeJIaTh
B MOJIEJIM «MEIIKa JIECKPUIITOPOB», JIJIsT 9ero Tpedbyercs 3 PeKTUBHBIN aJIrOPUTM I10-
HCKa COOTBETCTBUSI MEXKJIY HallJIEHHBIM Ha, U300ParKeHUN JIOKYMEHTa, JJeCKPHUIITOPOM
1 BCEMU JIOKAJIbHBIMU OCOOCHHOCTSIMH Ha BCEX ITa0JI0HAX, KOTOPbIE ITOCJIe OJIHOKPAT-
HOT'O IIPEIBAPUTEILHOTO BBIYNC/IEHNUsT MOXKHO 3allOMHUTH B HEKOTOPOIl CTPYKTYpe.
JIJ1s1 9TOro JIOrMYHO HUCIOJIB30BAaTh IIOMCKOBbBIE JIEPEBbsl, IIO3BOJISIIONINE OCYIINEeCTB-
JIATH OBICTPBINT TPUOIMKEHHBIH TOUCK k Hambosee OJU3KUX TOYEK 110 BLIOPAHHO
MeTPHUKe. DTO MOKeT ObITb, HaIpUMep, MEeTOJ uepapxudeckoil kiacrepusaiun. C
€ro MCII0JIb30BaHIEM BCe IIa0JIOHbI COPTUPYIOTCSI 110 KOJIMYIECTBY YCIIEITHO COIIOCTaB-
JIEHHBIX OCOOEHHOCTE(l, 1ocsie yero oroupaercd M Jiydmux madI0HOB-KaHNIATOB
1 Jlajee pacCMaTpPUBAIOTCS TOJbKO OHHU.

M3BecTHO, 9TO UCKOMBIIl IIA0JIOH 1 BXOJIHOE M300PazKeHne JOKYMEHTa CBSI3aHbI
HEKOTOPBIM ITPOEKTUBHBIM IIPeoOpa30BaHueM. BygeM oleHnBaTh ero mapaMeTpbl JIJIsd

Kazkj10ro u3 M orodpaHHBIX MAaOJIOHOB. DTO IO3BOJIET BbIIEJIUTL CPeIn MabJIOHOB
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ayaimii (o HekoTopoit merpuke). IIpu 9TOM, cpejn HallJleHHBIX CONOCTABJIEHMUIT
JIOKAQJIbHBIX OCODEHHOCTE HEpPEJIKO BCTPEYAIlOTCs JIOYKHBIC, TTO9TOMY METOJ] OIeH-
KU TTapaMeTPOB MPOEKTUBHOTO ITPeoOPa30BaHus JIOJZKEH ObITH pobacTHBIM. Taxkum
cBoficTBOM 0Ostajiaer mupoko m3sectHas cxema RANSAC [209]. B srom mosxome
YCTOMUNBOCTL OOECTIEUMBAETCS TEM, UTO TTapaMeTphl IPpeodpPa30BaHNs OIEHNBAIOTCS

He 110 BCeM JIaHHBIM, & I10 MaKCHUMAaJIbHOI caMOCOrIacOBaAHHOI 110/IBHIOOPKE.

2.5.3 WNaentudukalimoHHbIE TOKYMEHTbBI C «OeHbIM» IMabJIOHOM

Cyl1ecTByeT KJjacce JIOKYMEHTOB, YCTAaHOBJIEHHE IMIa0JIOHa I KOTOPBIX Me-
TOJOM KJIFOUEBBIX TOYEK BecbMa IpobsemMaTndHo. CBsi3aHO 9TO JUOO € MaJjbIM
KOJINYECTBOM IIOTEHINAJIbHO JIETeKTUPYEMbIX KJIIOUEBbIX TOYEK Ha, ImabJIoHe JOKY-
MeHTa, Jin0O C HEeyHHKaJbHOCTBHIO HX JdecKpunropoB. Ilocientee 1mojpasymeBaeT
CUTYAIMIO, KOTJIa BHYTPUKJIACCOBAS BapHUALMS JIJIsl JECKPHUIITOPaA KJIIOUYEBOl TOYKU
Ha Habope M300parkeHuil cpaBHUMa (& He TMPEeHEOPEKIMO MaJa) ¢ MEKKJIACCOBBIM
paccTosiHueM J10 OJIMZKAMIIero JeCKpUITopa cpeau IPounX KII04eBbIX ToYeK. OmHOoi
U3 IPUYNH TaKOW CUTYAIUN SIBJISIETCsl COBIAJICHIE OKPECTHOCTEH KJIFOUEBBIX TOYEK.
TunuaHbIM IPUMEPOM JIOKYMEHTa € «OeJHbIM» IabJIOHOM SIBJISETCA BHYTPEHHUI
nacropt rpaxkjaannaa P@, mab/ioH KOTOPOro COCTOUT U3 TEKCTOBBIX 0JIOKOB, MHOI'O-
KPaTHO IIOBTOPAIOIINXCSI TOPUBOHTAILHBIX JIUHUNE U OpHAMEHTa B BHUJE I'YCTOI ceTn
BOJTHUCTBIX (PUTYPHBIX JinHAI (cM. pucyHok 2.19). fcHo, uTo Takoit mabion He obec-
IeIUT JIOCTATOYHON JIJIs PEIIeHnsl 3391 YCTAHOBJIEHNsT COOTBETCTBHSI C IIAOJIOHOM
VHUKAJIBHOCTU JIECKPUIITOPOB KJIFOUEBBIX TOYEK.

Ha cerognsimuunii jeHb TPaJUIMOHHBIN CIIOCOO yCTAHOBJIEHHS COOTBETCTBUSI
1a0JIOHY J1IJIsl TAKOI'O POJIa JOKYMEHTOB 3aK/II0UAeTCs B BbIJIEIEHNN Ha N300parkKeHnn
rpaduIecKuX MPUMUTHBOB (CTATHYECKUX JIEMEHTOB), MOC/Ie Yero BBIIOJIHACTC UX
COIIOCTAB/IEHNE C IPUMUTUBAMU, 33 IJAHHBIME B 1a0/10Hax [13]. OjiHaKo Takoil mojixo/
00J1a/1aeT CYIIEeCTBEHHBbIM HEJOCTATKOM: IIOUCK CTATUYECKUX 3JIEMEHTOB — CJIOXK-
Hasd 3aJiada, TpeOyrolas st pelieHns: b0 MCIIO0JIb30BaHUsT METOI0B MalTUHHOTO
obyuenusi [12], mbo HeTpuBHATIBLHON MpeaBapuTe/bHON 06pabOTKI M300paKeHUst
JIOKYMEHTa, KOTopas cama 10 cebe JIoJKHA ONUpAaThCs Ha 3HAHHE O THIle obpabda-

TBIBAEMOIO JIOKyMeHTa [98].
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Pucynok 2.19 — Ilpumep macnopra rpaxkaanuna PO.

Ha npakTnke 9acTo OKa3bIBaeTCs, UTO JOKYMEHTHI C <«OeJHbIMY» I1abJI0HOM
00JIaIat0T YKEeCTKON TeoMmeTpueil (pasaumdHble 00pasI(bl OJHOTO THITA JIOKYMEHTA
PAKTUIECKN COBMEIAIOTCS «Ha TpocBer» ). B gactrocTH, macmopt P® yaoBierBo-
psieT 3ToMy cBoiicTBY. Jlj1s1 TaKOTO Pojia JJOKYMEHTOB 3a/1ada YCTaHOB/IEHUs 11a0JI0HA,
MOKET OBbITH repedopMyJINpOBaHa B TEPMUHAX JCTEKTUPOBAHUA Ha N300PaYKCHIH
00 beKTa 3a/IaHHOIT TeOMETPUHN, KOTOpasl MOXKET OBITh pellieHa, HAIPUMED, METOJIOM
Buosibl n JIxkoHCca, cBOJAAIINM 3ajiady JIeTeKIUN K 3ajade OnHapHOil KJaccuduka-
I[N BCEBO3MOKHBIX MOJIOKOH Ha m3o6paxkennu [97|. [Tokazano, 910 9TOT ajropuTm
00eCIeInBaeT BBICOKOE KAUeCTBO JETEKTHPOBaHUs JOKyMeHTOB (98% B peasbHOIl
pacIo3HaIeli cucTeMe), yIO0CTOBEPSIONUX JHIHOCTh, KAK HA CKAHAX, TAK U Ha
dbororpacdusix [98|. Biaromapst ucrosib3oBannio mpusHakoB Xaapa MeToj Buosibr u
JI>KoHCca 1OKa3bIBaeT BBICOKOE OBICTPOJIENCTBIE 1 POOACTHOCTh K HE3HAUUTE/HLHBIM
BapuamusaM obpasa JOKYMEHTA.

OjiHako Ha npakTHKe obydeHune Kiaccudukaropa Buosbl n JIxkoHca jlocTaTod-
HOI1 TOYHOCTU YaCTO OKa3bIBAETCSI HETPHUBHAJIbHON 3aiadeil. B OosblnHCcTBE PadorT,
paccMaTpUBaIOINX BOIIPOC 00y YeHHs 1I0I00HBIX KIaCCU(MUKATOPOB, IIPUBOIATCS aJl-
TOPUTMBI 00y YeHU s 0UePeTHOTO YPOBHS KAacKaIa ITPU HEKOTOPOIT JIOKAJILHO TeIeBOit
pyHKIIN, HO HEe 00CYKIal0TCs MTpobIeMbl 00ydeHNs Kackaia B 1esioM. [Ipu sToM 06-

MIEN3BECTHLIC 3BPUCTUYCCKUE ITOAXOIbI (K&K, HaIllpuMEp, AO0BCACHUA IO HYJIA HUCJIA
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JIO’KHOOTPHUIIATEJIbHBIX PEe3YJIbTATOB HA OYePeTHON TOBBIOOPKE) He 00eCIeInBaIOT
BBICOKOII TOYHOCTH JIJIsl KackKajia B I1eJIOM.

Hy:xnyio TodHOCTH KJaccHpUKAIUU ¢ OOJILINUM 3allacoM 00eCIIeunBaIOT
HeifpoceTeBble MOJIeNN (3a/1ada OUHAPHON KJIacCuDUKAINN OKHA TI0 TPU3HAKY COJIep-
JKaHWS JOKYMEHTa He CJIOKHee 3aJladl PAclo3HABAHUS CUMBOJA Ha MTPOM3BOJIBHOM
ore), HO BBI30B HelfpoceTH JjIs KAyKJOrO IMOJIOKHA HelpueMjeM C TOYKH 3pe-
HUS TPOU3BOUTENbHOCTH. C y4eToM TOro, 4YTO INPOEKTUBHBIE HMCKAXKEHUsI, Kak
U3JI02KEHO BBIIIE, MOXKHO OIEHUBATH HE3ABUCUMO 110 B3AUMHOMY PACIIOJIOKEHUIO 1Ty Y-
KOB JIMHUIT U CTPOK, W JieTeKTop Buosibr m />KoHca paboTaeT B reoMeTpuvecKoil
MOJICJIE TIOJI00MsI, YMCJI0 TIOJ0KOH Ha m300pazkeHnu coctasider 109-107. ITpuem-
JIeMoe JKe HHCJIO 3allyCKOB HeWpOCeTH MOXKHO OIEHUTH 110 YHNC/Iy CHUMBOJIOB HA
nokymente (10%-10%), us coobpazkenust, 4To BpemeHa pabOThI NPUBAZKU ([OJCH-
CTEMBI JIOKAJM3AINN JIOKYMEHTA) U PACIO3HABAHUS JIOJIKHBI ObITH COMOCTABUMBI.
[TosTOMy ciieyer ncro/b30BaTh KOMOMHUPOBAHHBIN KJIaCCU(PUKATOD, COCTOSIINI 13
OC/IE/TIOBATETHHOCTH «HEJ0YIeHHOT0» Kackasa Buosibl u JIxkoHca (KOTOpBI nMeeT
JIOCTATOYHYIO C TOYKHU 3PEeHUsl KOHEUHOI Ie/1eBOil (DyHKIUN TOJHOTY, & TOYHOCTD
— Bcero Jiuib nopsiyika 1%) u aByxkiaccosoit mefipornoit cern [210]. doctmxkenue
TaKOl TOYHOCTHU O3HadaeT cokparienne amncia 1mo0koH B 10000 pas. Ilocme sToro
cpejiHee YNC/I0 BBI3OBOB HEMPOCETH, OTHECEHHOE K YHUCJY UCKOMBIX OOBEKTOB, CO-
craBut 100, 4TO pazymMHO, ¢ y4eTOM TOI'O, YTO JIOKYMEHT coAepzKUT nopsjiaka 100
3HAKOMECT.

Taxkum obpazom, metoj; Buosbr n JIxkoHca B 1ape ¢ moct-Kjaaccuuiupyomei
HEHPOHHOI CeThIO IPEJCTaB/IsIeT COOOM MOIIHBI MHCTPYMEHT JIjIsI IOUCKa Ha 1300-

pazKeHusX JJOKYMEHTOB YKECTKON IeoMeTpHUr ¢ «OeTHBIM» ITabJIOHOM.

2.6 Ilouck TekKCTOBBIX IoJIeil

PaccmoTpum mocTaHOBKY 3a/1a91 MOUCKa, TPAHUI] TEKCTOBBIX 1TOJIEl JJOKYMEHTA.
Vexoanbrit JOKYMEHT COCTOUT U3 OJIHON MJIM HECKOJIBKUX 30H, KaxKJasd WX KOTOPBIX
COJIEPYKUT TEKCTOBBIE T10JIsl, COCTABJISIONINE COAEPIKIMOE JIOKYMeHTa. 30Ha COCTOUT
13 CTPOK, Kaxk]las U3 KOTOPbIX COCTOUT U3 OJIHOT'O UJIM HECKOJBbKO TEKCTOBBIX IOJIEI].
[Tonist B cTpoKe OTJHENEHBI APYD OT JApPyra pPacCTOSHUEM, XapPaKTEePHBIM JJIsi JaHHO-

ro JIOKyMeHTa, Oojiee OJIM3KME TEKCTOBBIE I10JIs1 CUNTAIOTCH OJIHUM OOIIUM IOJIEM.
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KosmmuecTBO CTPOK M 10JIell Ha JOKYMEHTe MOXKeT ObITh IepEeMEHHON BeJUYNHOIN,
caM# TEKCTOBBIE I10JIs1 BbIJIeJIEHBI C IIOMOIIBIO IPKOCTH 1 Pa3MepoB. TpebyeTcs orpe-
JICJIATH TPAHUIBI TAKUX I0JIEHl M COMOCTaBUTH MX COOTBETCTBYIOIIUM aTPUOyTaM
JIoKyMeHTa. PaccMoTpuM pellienne 3ajady Ha IPUMEPe HalMOHAJBHOIO IacIopTa,
P® B kauecTBe NCXOMHBIX JTAHHBIX. /151 30HDBI JIAHHBIX CTpaHUIB! aciopta P® (cM.
pucyHOK 2.20) HE0OXOIMMO OIPeJIeUTD TToJI0XKeHne cietyomux mnoseii: YO, o,
JaTa 1 MecTo poxkjaeHusd. [lose oTaecTBO MOXKET OTCYTCTBOBATH, KOJTMIECTBO CTPOK
OJIel MeCcTa POKJICHNUS SIBJISIETCST [IePEMEeHHOM BeJIMINHON, 0T OJIHO#T /10 Tpex (Takue

II0JIST BBIJICTICHBI Ha M300paKeHHN 00JIee CBETILIMU PAMKAMI).

Pucynox 2.20 — IloJig 30HBI JaHHBIX HAIIMOHAJILHOTO TacrnopTa Pd.

AjtropuTym perreHnst IOCTaBJIeHHON 3aa41 COCTOUT U3 TPeX ITallOB:
1. Ilpenobpaborka n3obparkeHust
2. Bwlgenenne cTpoK 1 TEKCTOBBIX IOJIEit

3. Conocrapjienne HailJIeHHBIX MOJIeH TTabJJIOHY 30HBI JJOKYMEHTa,

2.6.1 IIpenobpaboTka m300pakeHms

OcHoBHast ujes npeo0PabOTKI 3aK/II0YAeTCsI B IIPeodpa30BaHUN MCXOTHOIO

n300parkKeHns TaKuM 00pa30M, 4TOObI IPEJACTABUTh UCKOMbIE TEKCTOBBIE I10JIsI B BU-
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Jle JIeTKO HaXOJMMBIX U BU3YaJIbHO OIpPeessieMblXx 00bekToB. [y pernenns sToit
3aJiadu OyJieM HCI0JIb30BaTh Mopdosiorndeckue orepaiiun. OCHOBHbIMU MOPMOJIO-
IIYECKUMI OllePAIUSIMU SABJISIIOTCA JIUJIaTalisl U 3PO3Usi, KOTOPbIE BBIIOJJIHSIIOTCSI
JUIST KaxKJI0i TOUKM M300parkeHusl ¢ BBIYUCICHNEM MaKCUMAJbHBIX M MIHIMAJIb-
HBIX 3HAUEHNII B €€ OKPECTHOCTHU, 3aJaHHONH HEKOTOPBLIM HPUMUTHBOM. B 0OBIUHBIX
YCJIOBHSIX MOYKET HCIIOJIb30BaThCcsa ajroput™m Ban Xepka, KOTODBIN MO3BOJISIET BbI-
YUCASATh MOPQOJIOIHYECKUe Ollepalui ¢ HPSIMOYTOJbHBIM IPUMUTUBOM 38 BpPeMsI,
HEe 3aBHCSINEee OT €ro pa3sMepoB.

Autropurym 1pegoopaboTKN IPOUJLIIOCTPUPOBAH Ha puUCyHOKe 2.21 um cocTouT

03 CJAeYIOMNX IIaroB:

WaochpameHwne (3] 14) (7} . (8) Yron
JAMBIHAHWE WHBERCHA IamMbikaHWe HEHNoHA
* F
¥ 1
(1) NeayToma (2) » (5) - (6)
MacwTtab CAoHaHHE PazmeiHaHHe

Pucynok 2.21 — Anropurm npeodpaboTKn n300parkKeHms.

1. TekcToBbIe TOJIA JOKYMEHTOB B OOJILIINHCTBE CIyYaeB MPEJCTABISIOT CO-
Ooit mocsieloBaTe/IbHbIE HAOOPHI OYKB, APKOCTH KOTOPBIX OTINYAETCS OT
sgpkocTu ¢ona. Takum oOpa3oM, MEepBLIM IMIATOM OCYIIECTBJIAEM IIEPEXO/l
OT IIBETHOI'O M300parkeHusi K TOJIyTOHOBOMY. Ecim on mMmeeT xapakxTrep-
HBIIT IIBET, TO BMECTO YCPETHEHNsT KAHAJIOB MTPEIIOYTUTE/IHHO B3ATH JTaHHbIE
KOHKPETHOTO IIBETOBOIO KaHAJIa, JIJIsl JIYUIIero KOHTPACTHPOBaHus (hpoHA OT
TEKCTA.

2. IlpousBojiuTcs MacITabMpoBaHue UCXOJIHON 30HBI K 33JJaHHOMY pa3Mepy
mab/I0Ha 30HBL. DTO JIEIAETCST IO CJICJIYIONINM COOOparKeHnsIM: (&) Mexo/I-
Hble N300payKeHusl UMEIOT Pa3JInIHbIe pasMepbl, B 3aBUCHUMOCTH OT
HCTOYHUKOB JIAHHBIX, M09TOMY Tpebyercst ux yHudukanus; (6) pasmep
11a0JI0Ha, BEIOMPAETCsT HEOOIBIIINM, HO OJHOBPEMEHHO TEKCTOBBIC TTOJIA
JIOJKHBI OBITH JIOCTATOYHO OTJIHIUMBIME OT (hoHA; (B) MaciTabinpoBaHue
[I03BOJISIET CIJIAJATh 0COOEHHOCTH T'UJIbOINA JIOKYMEHTa U IIpeodpa3o-
BaTh €ro B OJIM3KMI K OJTHOPOTHOMY (DOH.

3. IlpomsBoauTecs otaenenne pona OT TEKCTa Iy TEM 3aMbIKaHNs N300 parKeHsT

mabI0Ha 30HBI ¢ TPUMUTHBOM HEOOJIBIIOTO pasmepa (4, 4], B pesy/brare
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[OJIyYIaeM ITOYTH OJHOPOIHOE M300parKeHne, COCTOAIIee U3 YCPEIHEHHOTO
1Bera (POHA U COXPAHSIONIEe OCOOEHHOCTH HEPABHOMEPHOCTH OCBEIIEHIHS
pPa3/IMUIHbIX JacTeil JOKyMEHTA.

uBeptupyem nzobparkenue oHa.

5. CkiajpiBaeM IoJIydeHHOe m300parkeHne (poHa ¢ n3o0pazkKeHneMm mara 2 u
noJiydaeM pe3yJibraT, rje (oH cTaj OJU30K K Oe/IoMYy, a TEKCTOBBIE I10JIsi
OCTAJIICh KOHTPACTHBIMIA.

6. IlpomsBoauM pasMbIKaHIe MOJIYIEHHOTO M300parKeHns ¢ IPUMUTIHBOM pa3-
mepa [s,0], e s — npubsimsuresbHas MUPHHA CUMBOJIA. B pesyibrare
TAKOI'o Ipeodbpa3oBaHus MMOJIydaeM H300parkeHue, IpejicTapisioniee codoit
CKJIEEHHBIE B KOMIIOHEHTBI TEKCTOBBIE T10JIsI Ha, OJHOPOJIHOM (hoHe.

7. Ilpomssenem 3ambIKaHme W300pazkeHust ¢ mpuMuTuBoM pasmepa [0, h/2],
rje h — npubIN3uTe/IbHASA BBICOTA CUMBOJIA. DTO IIpeodpasoBaHue yOepeT
BBICTYIIbI KOMIIOHEHT, & TaKzKe HeDOJIbIIIe CTaTUIeCKNe TeKCThl U CBA3U C
Humu. B pesyibrare mosydaeTcs BbIXOJHOE N300paykeHne, Ha KOTOPOM TeK-
CTOBBIE TI0JIsI TIPEJICTaB/IEHbl B BUJIE BIU3YaJbHO OTJIMYMMBIX KOMIIOHEHT Ha
MOYTH OJIHOPOJIHOM (pOHE.

8. B psiie ciaydaes, ¢BsI3aHHBIX C ONINOKAMEI HAXOXKJIEHNsT TPAHUIL JOKYMEHTa
WK IPOoOJIeMaMi IIPU HedaTH JTaHHBIX, TEKCTOBbIE OIS JTOKYMEHTa MOTYT
UMETH 3HAYUTE/IbHBIC YIVIbI HAKJIOHA, ITO 3aTPY/IHAET UX MOUCK W TOC/IeTy-
folee pacriosHapanue. [ljist ompesiesiennst yriia HaKJIOHA U KOPPEKITIH 110J1eit
HCII0JIb3YyeTcs OblcTpoe IpeobpasoBanne Xada, Iocje J4ero OCyluecTBIIsSIeM
IIOBOPOT M300paKeHMsI.

Ha pucynke 2.22 mpouuIrocTpUpoOBaHbl pe3yJibTaThl IPego0padoTK n300pa-

KeHu4d IIO0 dTallaM.

2.6.2 BpbljesieHne CTPOK U TE€KCTOBBIX MHoJieit

PaccmoTpuM aropuT™ BblJIe/IeHUsI TEKCTOBLIX CTPOK U II0JIel, B KadecTBe
NCXOJIHBIX JAHHBIX TOJIYYAIONINil Pe3yabTaT Ipeo0paboTK N300parKeHns ¢ Mpe/ibl-
nymieit cragun. Cxema ajaropuTMma IpejcraBieHa Ha pucyHke 2.23. Huzke onmcanbl

marm aJiropurma.
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Pucynok 2.22 — Pe3yabTaThl pe100padOTKI M300parKeHust IO STaIaM.

1. Ucxonnoe m3o0pazkeHne COJAEPXKUT XapaKTepHble KOMIIOHEHTHI TEKCTOBBIX
noJieit. Jist oTjiesieHnst ux oT poHa BBIUUC/IsIEM ITOPOTOBOE 3HAUEHUE OJTHIUM
13 METO/IOB OMHapu3ammy, Harpumep, Mmetogom Otcy. JanHoe 3HAUEHTE TC-

I[IOJIB3YyETCA AJId IIoACYETa I'MCTOI'paMM Ha CJAEAYIOIIUX IIalaX aJI'OpuTMa.
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nopora rMcCTorpamMmel

[ WsoBpaseHne ] (1) HaxomaeHue | (2) Bermcnexme Y (3) Nowmck AnHWi

(E) Pacwrpexue {4) Boqucnexne X

i - (5) Nowck noneid |«
rPaHMy nonen FUCTOrpaMM

Pucynok 2.23 — AjropuTm 1momcka T€KCTOBBIX IOJIEH.

2. BpbrumcisieM BepTUKAJIbHYIO TUCTOIPpAMMY, CYMMUPYsI JIMIIb T€ 3HAYEHUS,
KOTOpbIE MEHbIIE MOPOra, TaK KaK KOMIIOHEHTHI TeKCTa TeMHee (hoHa (CM.
PUCYHOK 2.24).

3. Borumensgem Bepxume M HIKHIE TPAHUIBI CTPOK, COJAEPKAIIIMX TEKCT, Ha-
XOJIsT BBIOpOCHI Ha rucrorpamme. jisi orcedeHus: ciydailHbIX BBIOPOCOB
UCIIOJIb3YIOTCs TaKne XapaKTePUCTUKU KaK MUHUMAaJIbHbIE U MaKCUMaJIbHbIE
pasMepbl BBICOTHI CUMBOJIOB. BBIOpOCHI, pa3zMepbl KOTOPBHIX 3HAYUTETHHO
MeHbIIIe MUHUMAJILHON BBICOTBI, MHTEPIPETUPYEM KakK ciydaiinble. Ecin
»Ke OHM 0O0JIbIIIe MaKCUMaJIbHOI'O pa3Mepa, TO 9TO CJIydail cJuIaHus CTPOK
1 110TpedyeTcst JOIOJHUTEIbHBIN aHaIN3 s HAXOXKIEHI TOUYEeK pa3pe3a-
HUsI IIyTEM OIIPeJeIeHNUsI IIePeraioB yzKe BHYTPH CaMOro BbIOPOCA.

4. Jlng xKazk10it HailJeHHOl CTPOKM BBIYNC/IsIEM NOPU30HTAJILHYIO THCTOTPAM-
MY € UCIIOJIb30BaHUEM IIOPOTa OTCedYeHns, aHAJOTUYHO Iary 2.

5. Haxomum rpanutispl mojieit BHyTPHU CTPOK C TIOMOIIBIO aHan3a FrOPU30HTA b=
HOIl THCTOrpaMMbl JijisT Kazkjioit crpoku (pucyHok 2.25). [lns orceuenns
BBIOPOCOB HCIIOJIB3YETCsl MUHUMAJIbHBIN JIOIYCTUMBIN pa3Mep TEeKCTOBOI'O
noJist (Kak MUHUMYM IIUPHHA OJHOrO cuMBojia). st ormesnennst oiHO-
o TEKCTOBOT'O 1OJIg OT JIDYTOro BHYTPU OJHON CTPOKHU YCTAHOBUM TaKYIO
XapaKTePUCTUKY KaK MUHHUMAaJbHOE PACCTOSIHUE MEXK/Ly IHOJISIMI. DTO BO3-
MOXKHO, BBHJIYy TOI'O YTO B OOJIBIINHCTBE CYIIECTBYIOIINX JJOKYMEHTOB JIJIsi
BU3YaJIbHOTO OTJINIHNS TEKCTOBBIX TOJIEH, CoMep KallinX pa3jandable JanHble,
UCIIOJIB3YETCS OTJe/IeHre UX JIpyr OT Jpyra Ha pacCTOsiHUe, 3HAYNTE/ILHO
IIPEBBIIIAIONIEE pa3Mep CUMBOJIA. Takum obpaszoM, OJIM3KNE KOMIIOHEHTDI
CJINBAIOTCS B OJIHO 110J1€, JaJIeKue JIPYT OT JPyTra MM0Jis OCTaHYTCs OTJIe/IbHbI-
MU TIOJIIMU U B Pe3YJibTaTe MoIydaeM IPIMOYTOJILHUKN HalJIEHHBIX 110J1eit

JIOKYMEHTA.
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6. Mopdosorndeckue orepaiun MOIyT “CheJlaTh  9acTh 9JIEMEHTOB IIEPBbIX 1
II0CJIETHIX CUMBOJIOB II0JI€l, & TaKyKe TePsITh Ha/l U 10/l CTPOUHbIE CIMBOJIbI
(HampuMep, yMJISYThI) BBIJLY UX MajIoOCTH. UT00bI n36e:KaTh 3TOr0, TPaH-
I[bI HallIEHHBIX [IPSIMOYTOJILHUKOB HEMHOI'O PACIIIPAIOTCSI 110 TOPU30HTAJIN

1 BepTHKAJIN (CM. pUCYHOK 2.26).

Pucynok 2.24 — Brraucienne BepTUKAJILHON IHCTOTPAMMBL.

Pucynoxk 2.25 — Boruncjienne ropm30HTaIbHON THCTOIPAMMBI.

2.6.3 ConocraBjieHue HaeHHBIX MOJIeil IMabJ/IOHy 30HbI JJOKyMEHTa

[IpuBeieHHbIN BBITIE METOJT, TIONCKA TEKCTOBLIX MOl BbIIaeT KaK Pe3yabTaT
HEKOTOPBIIT HAOOpP KOOPJIMHAT CTPOK W HAMIEHHBIX B HUX IOJIEll, HO TaKyKe HeoOXO-
JINMO COTIOCTABUTH HailJIeHHbIE TEKCTOBbIE IO/ aTpuOyTaM JOKYMEHTa, C yIEeTOM
BO3MOYKHOI'O YaCTUIHOTO WX OTCYyTCTBudA. Harnpumep, /i paccMaTpuBaeMOil 30HbI

nacropra P® “oTyecTBO” MOXKET OTCYTCTBOBaTh, 8 KOJHMYECTBO CTPOK, COJIEPKAIINX
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Pucynok 2.26 — PesyiibraT paboThl ajJropuTMa IOUCKa TEKCTOBBIX I0JICH.

JIAHHBIE O “MecTe POXKJEHUs , BapbUpyeTcs OoT oJHoi 10 Tpéx. s perrenus: 9Toit
3a/1a91 1IPEJIIaraeTcs IIPOU3BOJUTD OIEHKY ITOJIYICeHHOTO Habopa CTPOK U IoJieit
HA COOTBETCTBHUE MMIa0JIOHY, OIMUCHIBAIOIIEMY 30HYy JoKyMmeHTa. Jljis co3manust onuca-
HUS 11a0JI0HA UCIIOJIB3YETCsI TeOMeTPUUIecKas MOJIEb COOTBETCTBHsA CTPOK U TOJIeit
JIpyT Japyry. PacemarpuBaem 30Hy JIOKyMeHTa Kak HaOOp CTPOK, & KarKJIyl0 CTPOKY
Kak Habop mosieii. Jljist ¢cTpOK BBOJIUTCsT OTHOIICHWE BBIIIE/HUXKE, JJIst TTOJIeH — Jie-
Bee /mpaBee. CTPOKU U MOJIsT MOTYT OBITH HEOOSI3ATEIbHBIMI, TAKKe JIJIT HIX MOTYT
BBOJIUTHCST JIOTIOJIHUTETHHBIE XAPAKTEPUCTUKU, TaKle KaK XapaKTepHbIe Pa3Mephl,
10JIOYKEeHHe BHYTPU 30HbI (HAIIPUMED, 10JIe IPUKATO K JIEBOMY KPato) 1 JpyTriue, Bee
OHU UCHOJIb3YIOTCH JIJIsi OIIEHKU COOTBETCTBUSA 11OJTYUCHHBIX JAHHDBIX 10 I0HY 30HHbI.
[Tocsie aTOTO IPOUBBOIUTCS PEKYPCUBHBIN 11epebOp BCEX BO3MOXKHBIX BAPHAHTOB CO-
IOCTABJICHUS] CTPOK U M0JIel, HANIeHHbIX Ha N300pa’KeHUn, CO CTPOKAME U MOJISIMU
Ha 11abJI0He, ¢ OMEHKON KazKJ0r0 TAKOIro COMOCTABJCHUs (CM. pHCYHOK 2.27).

[Tpu orcyTeTBUN TAKOTO COMOCTABJICHUSI UM OY€Hb HI3KOM OIEHKH BbIJIAETCS
OTKa3, MPU HAJMYNU HECKOJIbKO BAPUAHTOB — BLIOUpAETCS BapHaHT ¢ HAMOOJIbIIEH
OIIEHKOIT 1JIN pacCMaTpUBAECTCs JIONOJTHUTE/IbHAS 3a/1a9a Bbioopa. OTKa3 B O0JIbIIIH-
CTBE CJIy9aeB O3HAYAET, IYTO I'PAHUIIBI JOKYMEHTa U ero 30HbI ObL/IN Hall/IeHbl HEBEPHO

nJIn NCxXoaHoe I/1306pa}KeHI/Ie CJIMIIIKOM HM3KOI'O KadeCTBa, a JaHHbIC — HE YUTacMbIe.
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| M APEK] | SURNAME |
SURMAMEZ (opticnal)
_ EOUEHAN | NAME ]
AJNER SR PATRONYMIC [optional)

_: !-"-:_;.:;12,(1:'!_ 19K | BIRTH DATE |
o iﬂ?.‘ -'.l};’.?‘-'.-\ﬂl"l-'-llni K| ] BIRTH PLACE |

I | Al i BIRTH PLACEZ {optional)

l i BIiRTH PLACES (optional)

Pucynok 2.27 — Haiigenmnbie mosis (csieBa) u 1mab/ioH 30HBI JTOKYMEHTa (cripaBsa).

2.7 OcobeHHOCTH paclo3HABAHMUS TEKCTOBOII CTPOKU

PacrniosnaBanume TEKCTOBBIX CTPOK Ha M300parKeHUsIX JOKYMEHTOB, yJ/IOCTOBE-
PAIOIMINUX JINYHOCTD, NMPUHIMIINAIBHO OTJIMYAaeTCd OT 3ajad, B KOTOPLIX pelraeTcs
obriasi 1mpobJieMa  ONTHYECKOIO paclio3HaBaHMd TeKcTa. Kak ObLIo yxKe paHee
CKa3aHO, BayKHBIMU OCOOEHHOCTSIMHU TEKCTOBBIX CTPOK, MPUCYTCTBYIONINX Ha, YJ0-
CTOBEPATONINX JIOKYMEHTAX U CYNIECTBEHHO YCJIOXKHAIOMNX MTPOIECC PACTIO3HABAHIS
TEKCTA, SIBJISIIOTCS: &) CJOXKHBI TeKCTYPHBI (DOH 1 6) MYJIBTU-SI3bIKOBOCTb.

OrmeTnM, 9TO caMma 110 cebe 3a/iaua paclio3HaBaHusi TEKCTOBOM CTPOKU, MOZKET
OBITH pa3duTa Ha CJIEYIONINe 110133/ 1a9u:

— CerMeHTalllsl TeKCTOBON CTPOKM Ha CUMBOJIBI;

— pacro3HaBaHne KaxkKJoro CIMBOJIA;

— 0000I11IeHIEe TIOJIYIYEeHHOTO Pe3y/IbTaTa PaCcliO3HaABAHUS.

[Ipu sToM, peras 3ajiady paclo3HaBaHUsi TEKCTOBON CTPOKM OIMMCAHHBIM CITO-
coOOM, CJIe/lyeT UCIIOIb30BATh Pa3IndHbie HeIfPOHHbBIE CeTH JIJIst CEIMEHTAINN CTPOKH
Ha CHMBOJIBI U TIOC/IE/IYIOIIEro Paclo3HaBaHUN KaxKi0ro cuMBoJia. Huke rpejcras-
JIeH YHUBEPCAJIBHBII aJITOPUTM TIOCTPOEHUS TIOJICUCTEMDBI pACIIO3HABAHNST TEKCTOBOI
CTPOKM, KOTOPBIII MOXKET MCIOJIb30BaThCs B paMKaxX CHUCTEMbI paclo3HaBaHUs Y0~
CTOBEPAIONINX JOKyMEHTOB (CM. pucyHOK 2.28).

IIycrs y nac ects nosnocBepTodHas HefiponHas ceTb (N Nyegy, ), KOTOPast BO3-
BpalllaeT OIEHKY HAJNYIUsI B JAHHON TOYKHN N300paskeHust paspe3a MexK 1y OyKBaMHU.
[Iyctb Takzke ecTh KjaccubuIpyoiias (pacno3Haolas) cBepToIHas HelPOHHAST
ceThb (N Ngjgss ), TO3BOJISTIONIAS BBITOJTHUTH HEIIOCPEICTBEHHO PACIO3HABAHIE KAYK I0-

I'0 CUMBOJIA. AJIFOpI/ITM pacClioSHaBaHUA COCTOUT M3 CJICAYIOINUX HIalOB:
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[ToxroroBum m3obpazkeHne TEKCTOBOI CTPOKM K paclio3HaBaHUIo, 00pe3aB
ero TI0 3apaHee OlpeIeIeHHBIM OA30BBIM JIMHUSM I IPUBE/IS €10 K [IEIEBOMY
MacmTaby (1o BbIcoTe).

[IprMennM cerMeHTUpYIONLYIO HOTHOCBEPTOUHYIO HelfpoHHY10 ceThb N Nyegm
JIJIsl TIOCTPOEHMST KAPThI MOTEHINAJILHBIX paspe3oB P.

[IpumeHnM  MexaHH3M  TOJ@BJEHUS  HEMAKCHMYMOB  (non-maximum
suppression) K KapTe MOTEHIMAJbHBIX Pa3pe30B P /i NCKIUeHNs JIOK-
HBIX cpabaTbIBaHUil, TOCTPOUB B pe3yiabrare P.

[TocTpoumM mapbl HEHYJIEBLIX TOUeK U3 P, paccTosHue MeXKJy KOTOPBIX
fdnexur B 3apanee 3ajanaoMm uarepsaie fd € [fdmin; fdmaz]-
[IpeaBapuTenbHO MpoBeAeM KIacCu(pUKAIINIO HallIeHHBIX yIaCTKOB H300pa-
JKeHuit ¢ rmoMonibio Kiaccudumupytomieit cetu N N jqss-.

[IpuMeHnM TEXHUKY AMHAMITIECKOrO IIPOrPAMMIPOBAHUS I TOCTPOECHUS
IIyTH CerMeHTAI[N CTPOKM Ha CHUMBOJIBI, MAKCUMU3UPYSI CYMMY CTeIeHeit
YBEPEHHOCTEl TOUEK pa3pesa I cTelleHeil yBepeHHOCTH PACIIO3HABAHNS KazK-
JIOT'O CUMBOJIA.

[Iposesem unasmbHOE pacrno3HaBaHUe CHMBOJIOB B HallJIEHHBIX I10CJIE

PEJIbLIYIIErO Iara Mo3uInsX.

Ha pucynke 2.28 mpupejiena cxema OIMHCAHHOTO aJIOPUTMa PaCIO3HABaHUA

TEKCTOBOII CTPOKH, a TaKzKe IIPOUJIJIIOCTPUPOBaH K&)K,ZLI)IPT rar aJaropuTMma.

HpeﬂHO}KeHHaH CXeMa pacCIIO3HaBaHUA TEKCTOBBI1 CTPOKH ObL/Ia UCIILITAHA C

TOYKHU 3PEHUs KadecTBa M CKOPOCTH paclio3HaBaHus Ha Habope janHbix MIDV-500.

B cieayromux Tabmnax MnpejicTaBieHbl CpaBHUTEIbHBIC XapaKTEPUCTUKU P10~

JKEHHOIl cXeMbl B CpaBHEHUN C IIOIIYJIAPHBIM CHUCTEMaMM PaCIIO3HaBaHMA.

ZLHH OIIEHKMN Ka4deCTBa pacClIO3HaBaHWA WMCIIOJIb30BaJICA METOJ OHINEHKH II0-

CUMBOJIBHOTO pacrnosnaBanust (per-character recognition, PCR), ompenensiembiii

CJICJIYIOIIM 00pa30M:

ZiL:tolml min (lev (liidea”lirecog) 7len (liideal))
Zz(itloml) len (liideaz)

PCR=1- (2.10)

B Tabsunax 5 u 6 npejicraB/JIeHO CpaBHEHHE KadecTBa Paclio3HaBaHUs W BpPe-

MeEHM pacCIlO3HaBaHMA oJieit Pa3/IM9YHOro THUIla Ha pa3HbIX CUCTEMaX PaCllOSHaBaHIA

CTPOKH.
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2
Hauano pacnosHagaHqe (
H2OOpakeHUA &
b,
. W | . W

Monyaerke FCMN npossuKii

WETAHOBMA MyYWHy
paspeson

PacnoadasaHue
MNETEHUMINBHEIR CHAMBONOD

W

Bribop myswero
CErMEHTALMOHHOM MyTH

Bee cHMBOABI

pacnoaHaHb:?

Het
L.

Ia PacnoaqapaHue
MEONYLLEHHB CHMBONOE

sLrdngl )¢ JAMES

F

Bopapar pesynwTaTta
pacnoIHaBaHKA

s

Pucynok 2.28 — Cxema paciio3HaBaHUsl TEKCTOBOI CTPOKHU.
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Tabsuia 5 — CpaBHeHnne KadecTBa paclio3HaBaHUs OTJIEIbHBIX I0JIefl HA CTEH/Ie

MIDV-500 (B eqununax PCR x 100%)

| Bua crpok | Tpeosenmiii metoz | Tesseract 4.00 | Tesseract 3.05 | FineReader 15 |
| Marunckne mvena | 79.04 | 75.44 | 37.29 | 55.76 |
| Hars: | 84.59 | 57.80 | 41.85 | 56.67 |
| MRZ | 92.98 | 47.94 | 58.52 | 7411 |
| Homep noxywmenta | 80.06 | 41.83 | 27.27 | 57.11 |

Tabiuna 6 — CpaBHeHue BpeMeHU pacIO3HABAHUSI BCeX H300parke-

HUi 7151 KaeK1oro ot B Habope panabix MIDV-500 (B cexynax)

| Bux crpox | Tpeanomenbrit meroz | Tesseract 4.00 | Tesseract 3.05 |
| TMatmmckue mverra | 112.697 | 304.269 | 714.159 |
| Hars: | 121.755 | 371.914 | 696.674 |
| MRZ | 233.179 | 586.808 | 731.757 |
| Homep noxywmenta | 110.067 | 227.961 | 446.367 |

2.8 IIpoBepka MOAJMHHOCTHI

Kak yzke ObLIO CKa3aHO BbIIE, JOKYMEHTBI, Y/JI0CTOBEPSIONINE JINYHOCTD,
00pas3yIoT clelaabHblil KJIacC JOKYMEHTOB, KOTOPBI OTJIMYAeTCsAd OT OCTaJIbHBIX
OCOOCHHOCTSAIMU UX U3TOTOBJIEHUS U IpHUMeHeHHUdA. Kpome Toro, cyIecTByIOT MexK-
JlyHapOJIHble CTaHJapThl U3rOTOBJIEHUS I1aCIIOPTHO-BU30BbIX JOKYMEHTOB, KOTODbIE
olpe/ie/IA0T JOIOJHUTE/bHbIe YepTbl TaKUX JOKYMEHTOB, HallpUMep, Ha Bcex
IaclopTax IpeJiHasHaueHHbIX JJld IIyTellecTBUNl MMeeTcd clieliajibHas 30Ha —
marmnounTaemas 3oua (MY3, MRZ), koropas creruagbHO HAHOCUTCS JJist aBTO-
MATHYECKOI'O CUNTBIBAHUS U B KOTOpOH JyOsmpyeTrcsd 4acThb JaHHBIX. 1 dero
HCIIOJIb3YeTCsl N30bITOUHOE KOIUPOBaHe NHMOPMAIIN 33 CUCT UCIOJIb30BaHNA KOH-
TPOJIBHBIX CyMM. Takzke OOJIBIIMHCTBO JOKYMEHTOB TaKOI'O THIA H3TOTOBJIAIOTCH
C IPHMEHEHNEeM Pa3IMYHBbIX TEXHOJIOIUH, YCJOoKHAIMNX nx danbendukannio. e-
IOJIB3YEeTCsT MABJIOBCKAs Ie9YaTh, CIENnaIbHble MPUQGTH (MHOTIA OHU SIBJISIIOTCSI
CEKPETHBIME), IeYaTh METOIOM THCHEHUS, Ja3epHas IDABUPOBKA U MHOLO JIPY-

roe BHJIMMOEC 0e3 HCII0JIB30BaHNSI ClienraJIbHBIX CpPEIACTB. Bce st ClieiaJIbHbIC
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0COOEHHOCTH MOXKHO W HY?KHO HUCIOJIb30BaTh JIJIA JI0KA3aTe/ILCTBa, O TUHHOCTH
JIOKyMeHTa. Takum 006pa3oM, MOKHO cPOPMYIUPOBATE CJIEIYIONIYIO TOCTAHOBKY 3a-
JIaun: B IIPOIECCe paclo3HaBaHUs JOKYMEHTa HeOOXO/IMMO ITPOBEPUTH BCE BUIUMbIE
crernyasbHble 0COOEHHOCTH N3TOTOBJIEHUsI JJOKyMeHTa. BarkHoit 0coOeHHOCTBIO 9TOi
3a/1a491 sIBJISIETCsl HU3Kasl TOJIEPAHTHOCTD K ONINOKAM THIIA JIOYKHOTO cpabaThIBaHUSI.
OTO CBABAHHO C TE€M, UTO B OOJILITMHCTBE CTPAH MOTBITKA ITPEIbIBICHN 3aBEI0MO
MO/IJIETLHOTO JIOKYMEHTa YTOJIOBHO ITPEC/IETyeTCsl, TIO9TOMY JIOZKHbIE CpabaThIBAHIS
KpaitHe “TOKCHYHBI , XOTd BHEIIHE 3TO U He OYEBUJIHO.

Takum 00pa3oM BO3HUKAET BHYTPEHHHUE IPOTHBOpPEYNE, C OJIHOI CTOPOHDI,
HEOOXOIMMO MAKCHMaJIbHO TIIATEIbHAsS IPOBEPKa BCEX OCODEHHOCTEH M JIaHHBIX,
¢ JIpyroii CTOPOHBI, JIOXKHBIE cpadaThIBAHUS O0XO/IATCA JIOpOro. B mpuHIume 1mo/i-
O0p IPaBUJILHOI'O IIOPOra 3aBUCUT OT CIIOCODa U MecTa IpuMeHeHusi. B sroii pabore
HE CTaBUTHCS TEJIb JIeTaIbHOTO MCCJIEIOBAHNA 9TOTO BOIpoca. B HacTosmeM pas/ie-
JIe OTPAHUINMCST TTOCTAHOBKOI 3a/ladll U UCCJIEyeM OCHOBHBIE CIIOCOOBI KOHTPOJIS:

CBEPKY N30BITOTHDBIX JaHHBIX, CIIOCOOBI HAHECEHNs TEKCTOB U aHaJIu3 IevaTeil.

2.8.1 CBepka M30BITOUYHBIX JAHHBIX

OJIHUM 13 IPU3HAKOB IOJIJIMHHOCTH sIBJISTIOTCST PACITIO3HAHHBIE CUMBOJIBI ITOJIE.
3-3a ommbok onudpoBKH 00pa3a BO3MOYKHO IOSBJIEHHE ONINOOK PACIIO3HABAHMSI.
OjtHuM 13 €criocoOOB MOBBIIIEHNsT HAJICXKHOCTH PACITO3HABAHUS SBJISICTCS 00bEIMHE-
HUE pe3y/bTaTOB PACIO3HABAHUSA JIBYX WK OoJiee TOJIel, COAepKAINX OJHY U TY
ke madopMaruio. [Ipumepom siBJIsieTcst 3arpaHnyHblil TacopT rpazkiannna PO, B
KOoTOpoM uHbopmalnud u3 mnojs «Pamuings jayoaupyercs B dactu ctpokn MRZ.
OueBnjIHO, YTO COBIIaJIEHNE PE3YJILTATOB PacCIlO3HaBaHUs JIBYX 00pa30B, cojeprKa-
X OJHY U Ty »Ke NH(MOPMAIINIO, IOBBIIIAET YBEPEHHOCTb B pe3yJibTaTe.

B nannom pasjiesie pacCMOTPEHBI BOIPOCHI ONEHKN HaJIC?KHOCTH PaClioO3HaBa~
HUSI TI0JIeH yJIOCTOBEPAIONINX JINYHOCTD JIOKYMEHTOB C JyO/mpoBaHueM nHMOpMa-

LI,
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BepositTHocTHas MOie/b

Beegem Mojenb pacosHaBaHnsl TEKCTa JOKyMeHTa. [1ycTh nmeeTcss KOoHeIHbIi
andaBuT A MHOXKeCTBa JOIYCTUMBIX CHUMBOJIOB. Byaem cunrarh, 9T0 m300parkenne
CHUMBOJIA Ha JJOKYMEHTEe — 9TO 3JIEMEHT HEKOTOPOI0 MHOXKeCTBa [ 4 BO3MOYKHBIX N300~
paKeHnii cuMBOJIOB. BBejieM JiBa oreparopa.

1. T : Iy — A — orobpaxKenue, Bo3Bpalaoliee n300paKeHHbI CIMBOJI OT

ero n300parKeHusl.

2. G : Iy - A — omeparop paclo3HaBaHUs, 0OTOOparkeHre, BO3BpAIaioIiee

PACIIO3HAHHBII CMBOJI OT M300parkeHusi CIMBO,JIA.

Bynem cunrarh, aro oneparopsl G u 1’ onpejie/ieHbl U JeTepMIHIPOBAHbI, a Ha
npocrpaHcTBe [ 4 3ajlaHa curMa-ajaredpa, oTHOCUTe/IbHO KoTopoit T' n GG m3MepuMBbl,
I BEPOJATHOCTHAs Mepa Ha Heil.

Ilycts S — MHOXKeCTBO CJI0B (PUKCHPOBAHHOI JJINHBI, COCTABJIEHHBIX U3 CHM-
BoJI0B asichaButa A, Ig — MHOXKECTBO mM300paskKeHHil cJI0B Ha HJOKyMeHTe. Bymem
CYNTATh, YTO IJEMEHTHI S — 9TO YIOpPsI0UeHHbIe HAOOPhI (PUKCHPOBAHHON JIJINHbI
s7eMeHTOB A, a sjeMeHThl Ig — yrnopsiodeHHbie HaAOOphl (PUKCUPOBAHHON I THHEI
semenToB [ 4. Curma-ajaredpa na [g UHAYIUPYETCs MIINHIPUIECKIMI MHOXKECTBA-
MU, 00Pa30BAHHBIMI 110 3JIeMEHTAM CUIMa-aJreOphbl /4 U BLIOpAHHBIM IO3UIUSIM B
Habope. Pacmmpum objactb onpejienenns: oneparopos G u T’ Ha cJioBa.

1. T: I¢ — S — Bo3BpalaeT n300paKeHHoe CJI0BO OT ero M300PazKeHus.

2. G:Is — S — Bo3BpalllaeT paclo3HaHHOE CJIOBO OT M300parkeHusl CJIOBA.

3anuiiemM ycaoBre COIVIAaCOBAHHOCTHU JIjIs U300PayKeHuil cjoB U n300parKeHuit

CUMBOJIOB.
[Tyctn
is = (iay, a9, ..., iay,), is € Ig,iay € [4, k=1,...,n, (2.11)
TOrIa
T(is) =s= (a1, as,...,a,) <
& T(iay) = a1, T(iag) = ag, ..., T(ia,) = ay, (2.12)

seS,ar€eAk=1,...,n.
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By,ZLeM CHUTaTb, 9TO pacCllO3HaBaHMUE CJIOB IIPOMCXOAUT IIOCHUMBOJIBHO M HE3a-

BUCHUMO:

Glis) = (Gliar), Glias), .., Glian)),
1s € lg,tap € [4, k=1,...,n.

(2.13)

Pacmo3znaBanme cjioBa

PaccmorpuM ympolnennyio BeposATHOCTHYIO Mepy Ha MHoxkecTBe [g. [Ipemmo-
JIOKUM, 9TO U300payKeHWsl CUMBOJIOB B CJIOBAaX, JJINHA H300Pa’KEHHOTO CJIOBA —
HE3aBUCUMBI B COBOKYITHOCTHU. Tak »Ke MPeJIIoI0KIM, UTO N300parKeHsI CMBOJIOB

B CJIOBaX UMEIOT OJIMHAKOBOe pacipejienerne. [IlycTh HaM n3BeCTHBI BEPOSITHOCTH
P(G(ia) = b|T(ia) = a), i, € 14,V b,a € A. (2.14)
[ist yrportenust, OyjeM CYUTaTh, 4TO
P(G(ia) = a|T'(ia) = a) = p, p € [0,1],Va € A. (2.15)
Yr1BepxkKaenune 1. [lycmo daro uzobpasicenue 1S cA06a 0aurb, 1, mo2da
P(G(is) = s|T'(is) = s) = p". (2.16)
Jloxazamesvcmeo. 3aruiiem
is = (tay,iag, ..., ia,), s = (a1, a9, ..., a,), (2.17)
TOT/Ia
P(G(is) = s|T(is) = s) = P(G(ia1) = aq,...,G(ia,) = a,). (2.18)
B upejirosiozkeHnn He3aBUCUMOCTH N300parKeHU{T CUMBOJIOB CIIPABE/ITIBO

P(G(iay) = ay,...,G(ia,) = a,) = (2.19)
= P(G(iay) = a1) P(G(iaz) = a9) ... (G(ia,) = a,) = p".

[]

OTCIO,ZL& cJjIeAy€eT, 94TO BEpPOATHOCTL BEPHOI'O pacCllO3HaBaHUA CJIOBa IKCIIOHEH-
IHaJIbHO Y6bIBa€T Ipn yBeJIn4eHnn AJINHBI CJIOBa B TaKOM MOZIEJIN. SameruM TaKzKe,
4qTO B rZLaHHOIL/'I BepOHTHOCTHOﬁ MOZEJIN BEPOATHOCTL BEPHOI'O pacCllO3HaBaHMA HE 3a-

BUCHUT OT CMMBOJIOB B CJIOBE, HO 3aBUCHUT OT €r0 JOJIMHLI.
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PacmoznaBaHme HEeCKOJIbKUX I10JIe

Tenepb paccMOTPUM BEPOATHOCTD COTVIACOBAHHOCTH PE3Y/JILTATOB PACIIO3HABA~

H1d B HECKOJIbKUX IIOJIAX.

YT1BepxKaeaune 2. [lycmv umeemcsa k usobpasrcenutll caosa 181,189, .. ., LSk,
HA  KOMOPBLIT U300pasceno cno60 S daunve n. Qbosnavum 3a H cobwmue
{T(is1) =T(isy) = ... =T(isg) = s}. Toeda dasn eepoammnocmu coenaderus pe-
3YALMAMOE PACNO3HABANUA BEPHO

1) P(G(is1) = G(iss) = ... = G(isp)|H) < (0" + (1 — p)")",
e L (1=p)F \" (2.20)
2) P(G(isy) = G(isg) = ... = G(isy)|H) > (p + A = 1)k_1> :
Joxazamenvcmeo. Sanuiiem
18, = (taj1,2a590,...,1a:,), 7 € {11,2,...,k},
j = (tajq, a2 jin)s J €4 } (2.21)
s = (a1, as,...,a,).
Torna
P(G(is1) = G(isg) = ... = G(isy) = s|H) =
‘ 2.22
= [ P (Gliar;) = Gliaz;) = ... = Giay;)|H). (2.22)
7=1
Kazkiyto BeposSTHOCTh B MPOU3BEJICHUN MOYKHO 3allUCATh Kak
P (G(ia”) = G(?:CLQ,Z) = ...= G(zak,l)]H) =
ZP (tary) = j,...,Gliag) = j|H) =
jeEA (2.23)
=p"+ Z P(G(iary) = j|H) ... P(G(iary) = j|H).
jeA\{ai}
Ormernm, uro Beposgtaoctn P(G(ia;;) = j|H) pasubt st Beex @ € {1,... .k},

B CHJIY OJINHAKOBOII pacipeieIeHHOCTH n300parkeHuit cuMBOJIOB. Pernm 3a1a1y o1-
TUMU3AIUN
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r;20,j=1,...,n, (2.24)

n
E $j = .
J=1

Oyuknug Jlarpamka npuMeTr cjejIyonnii Bui

Lz, A, n) = Zx +Zujx]+7\<2x]a>. (2.25)

Yenosus u3 reopembl Kyna-Takkepa [211]:
1) ].ljszo,jzl,...,n;
=Y x;—a=0; (2.26)
j=1

3) Ly = kel 4+ +A=0,7=1,...,n; z; #0.

[Tocse mosydeHns: perieHuili cucTeMbl U HAXOXKJIEHUsT MIHUMYMa CPEeJI HUX,

OJIy9aeM peleHne 3a/1adu
T =X9=...=Tp=—, (2.27)

U3 9TOI'O

Z P(G(iary) = j|H) ... P(G(iay;) = j|H) =
jeA\{ai}

. (2.28)
S (Y
g [Al=1)
TEeM CaMBIM II0JIy9aeM BTOPOE HEPABEHCTBO.
Kpowme Toro, u3 3ajiaun
f(z1, 29, ..., x) = fo — max (2.29)
MeeM
> P(Gliay) = j|H) ... P(Gliar) = j|H) < (1= p)*. (2.30)

jeA\{a}
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MTak, oKOHYATE/IBHO OJIYJIaeM

P (G(iau) = G(z’ag,l) =...= G(i&k,l)‘H) <

< H(pk + (1 _p)k) _ <pk + (1 _p)k)n. (2.31)

J=1

[IepBoe HEpaBeHCTBO TaK:Ke JOKA3aHO.

BepositTHOCTH OmmmMOKM BTOpPOrO poja

HpOI/ISBeﬂ;eM OIIE€HKY BEPOATHOCTHU JIOZKHOT'O COBIIaJCHUA PE3YJILTATOB PacCIIO-

3HABAHUSI IIOJIEN.

YrBepxaenue 3. [lycmv umeemcs 2 u3obpadicenus cao6 isy,1Sy daunos n. Hycmo
p > 0.5. O6osnavum 3a H cobwmue {T'(is1) # T(is2)}. Toeda das eepoammocmu

COSTLOL@GHU}L p€3y./bbmam06 paCTLOSHQSGHUﬂ 6€p'H,0
P(G(is1) = G(iso)|H) < 2p(1 — p)(p* + (1 — p)?)" . (2.32)
Jlokaszamenvcmeo. 3anuinem

is; = (taj1,1a59,...,1a5.),

. (2.33)
Sj = (aj71, Aj2y -y aj,n), ] € {1,2}

OrneHnM BepOSITHOCTH COBIIQICHIST PE3Y/IbTATOB PACIIO3HABAHIS M300parKeHn
pPa3HBIX OYKB, HAXOMAIINXCA B OJJMHAKOBBIX TO3UIUSX, JJIsSI JIBYX Pa3HBIX N300parke-

HUI CJIOB.

P (G(iar;) = Gliagy))|H) =

_ZP (tary) = j,Giag;) = j|H) =
jeA

=Y " P(Gliay,) = j|H)P(Gliaz,) = j|H) = (2.34)
jeA

=p (P(G(iau) = CLQJ‘H) + P(G(Z'agvl) = a17l|H)) +
+ Z P(G(iary) = jIH)P(G(iag) = j|H).

jeA\{a1 1,02, }
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CrieslaeM OIIEHKY CBepXy B Ipe/nosiozxkennn p > 0.5. AHaJOrMYHO JI0Ka3aTe b-

CTBY BTOPOI'O HEPABEHCTBa U3 YTBEP2KICHUSA 2

> P(Gliany) = j|H)P(Gliaz,) = j|H) <
jeA\{a11,a0,} (235)

<(1 —p— P(G(Z'GLZ) = QQ,Z‘H))(l —p— P(G(?;CLQ’[) = CL1J|H)).
Torna
P (G(iay;) = G(iagy))|H) <

< y% (P(G(Z'au) = CLQ,Z‘H) + P(G(Z'CLQJ) = al,l|H)) + (2.36)
+ (1 —p— P(G(iay;) = )1 —p— P(G(iag;) = a1,|H)).

Bsenem obosnagenms

H)=p €[0,1-p],
(G( )= u\H) p2 € 10,1 —pl, (2.37)

F(p1,p2) =p(p1 +p2) + (1 —p—pl)(l —p—Dp2).

st dyuknuu F(pr, pe) cripaBeimBo
F(p1.p2), =p—(1—p—p2) =2p—1+4py >0,
TK. 2p—1>0; ps > 0. (2.38)
Ananornano F(py, ps),, > 0.

CuenoBaresbHo, GyHKIM F' IpUHIMAET CBOI MAKCUMYM Ha, IIPaBbIX I'PAHUIIAX

3HAYEHU p; U po. Takum odpasoM,

P(G(iary) = G(iazy))|H) = F(p1,p2) <

(2.39)
<F(1—=p,1—p)=2p(1—p).

Tak Kax BepOSITHOCTH COBIAJEHHS PE3YJILTATOB PACIOZHABANUS iy, j U 10y,
Bbitte 1pu 1'(iay, j) = T (ia;j), p > 0.5, TO JJIsl OIEHKN CBEPXY MOXKHO CUHTATh, ITO
CJIOB& COBIIAJIAIOT BO BCeX HO3MIMSX KpoMme ouoil. Onenka cepxy upu 1 (iay, j) =

T'(ia; ;) Gu1a nomyuena B yreepzxaennn 2 u pasna p* + (1 — p)2. Torma

P (G(is1) = G(is2)) | H) < 2p(1 = p)(p* + (1 = p)*)" . (2.40)

[]
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IIpumeHeHUe OIEHOK K BEPOSITHOCTU PACMO3HABAHUS JAThI

[IpumenmM mosrydeHHbIe OIEHKH K 3a/iade PAcIiO3HABAHUS JIaThl B HECKOJIHKIX
noJistx. Byjiem caurarhb, 9To jara 9TO CJI0BO JHHLL 6 (2 cuMBosa JiHS, 2 — MecsdIa,
2 — roga) ¢ cumBojiamu u3 ajdasurta momroct 10. Torma us yrBepxienus 1,
BEPOSTHOCTL BEPHOTO PACIO3HABAHUA JIATHl B OJIHOM I10JI€ COOTBETCTBYET (DYHKITUN
p%, rpacduk KoTopoil m306pakén Ha pHcyHKe 2.29, rie M0 TOPU30HTAILHON ocH
OTMeYeHO 3HadeHne rnapamMerpa p, a 10 BepTUKAJILHON NCKOMas BEPOSITHOCTD.
['paduk waIoCcTpupyer, 4To jJake Ipu odIei Jist 1udp BEPOSITHOCTH BEPHOI'O
pacno3naBanus paHoil 0.98, BepOSATHOCTbH BEPHOT'O PACIO3HABAHUS 11€J10T0 I10JIs
paBra 0.8858. /g meseBoro KadecTBa pacio3HaBaHus 1oJjst gaTbl B 0.98 Heobxo-
JINMO paciio3HaBaTh Mudpbl ¢ KadecrBoMm He Menbine 0.9966. Obparnblii rpaduk

n3o0paxken Ha pucynke 2.30.

[IycTb cucTeMa Jijist IPOBEPKU JIOKYMEHTa Ha IOJJIMHHOCTH IIPOBEPSIET COBIIA-
JIeHIle HEeKOTOPBIX Pe3yJIbTaTOB Paclo3HaBaHUil ero 1oJieil, HpuieM B Cydae XOTsi
ObI OJHOTO HECOBIIAJEHHSI He IIOATBEePK 1aeT IOIINHHOCTEL. HazoBeM cUTyalnio JI0K-
HBIM cpabaTbhIBAHIEM, €CJI CJIOBa B IOJISAX B JEHCTBUTEIHLHOCTH COBIIAIAIOT, HO UX
pPe3yIbTAaThl PACIIO3HABAHUIT B COBOKYITHOCTH PA3/IMYHBI. DTO IKBUBAJIEHTHO TOMY,
YTO Ha, BXOJ CHUCTeMe JaH IOJJINHHBIN JOKYMEHT, HO CHCTEeMa He IOJATBEPIUIa ero
HOJIMHHOCTD. [IpeosoKumM, 4To i IPOBEPKH CUCTEMOil JOKYMeHTa Ha I1O0JJINH-
HOCTb HEOOXOJMMO IIPOBEPUTH Ha COBIIaJIeHNEe YeTbIpe II0JId JAThl, BOCIIOJIbL3YEMCsI
OLIEHKOIl m3 yTBepxKieHus 2. I'paduk HUZKHeHl OIeHKN BEepPOsITHOCTU COBIIAJIEHUsI
pacro3HaBaHUIl IIPU YCJIOBUH JIEICTBUTE/IHLHOINO COBIIAIEHNS AT B ITOJISIX M300Paskén
Ha pucyHke 2.31. «DKcroHeHIInaIbHBIY 9P dEKT YyCUIMBaeTCA B TaKOi ITOCTaHOBKE,
pu pacrosHapanuy 1udpsl ¢ KadecrBoM 0.98 MBI mMeeM BEPOSITHOCTH JIOYKHOT'O

cpabarbiBanus 1 — 0.6158 B xyjmeM ciaydae.

IIycth ecThb JBa IOJIsI ¢ HecOBHAJAONIEH jaToil, rpaduk BepxHeil OIeHKU
BEPOSITHOCTU IOATBEPJUTb UX PABEHCTBO 110 PE3YJIbTATy paclo3HaBaHUsI M300pa-
JKeH Ha pucyHke 2.32 3ejieHbIM 1BeToM. OTMETHM, U4TO B PeaJbHOCTH BEPOSITHOCTH
MOJIYYUTh OJMHAKOBBII pe3y/IbTaT pacllo3HaBaHUs JIJIS JIByX HECOBIAJIAIONINX AT
OyzaeT OJim3Ka K rpaduKy TOJIbKO B Te€X CJIydasX, I'Jle JaThl pa3InIaioTCs TOJIBKO 110

OJIHOMY CHUMBOJIY, TaK OblIa IMOCTPOEHa OIeHKa B yTBepxKenuu 3. [l cpaBhnenuns
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Ha PUCYHKe 2.32 CUHUM IIBETOM M300parkeH I'papuK BepXHei OIEHKU TOil »Ke Bepo-
SITHOCTH, HO IIPU Pa3/IMIUU CUMBOJIOB ODOUX JIaT BO BCEX IO3UIMUAX. DTOT I'pahuk
sajaerca ypasuenueM y = (2 (1 —x))", KOTOpoe JIErKO TOJyYUTDh, UCHOJIB3YS
KOHCTPYKIIMN U3 BbIBOJIA yTBepxKAeHus 3. Hajmmune HeTpUBHAJIBLHOIO SKCTPEMyMa, Y
3eJIeHOr0 rpaduka MOXKHO O0bACHUTEL TEM, UTO IIPU POCTE P BEPOSITHOCTDL IIOJITBEP-
JINTH PaBEHCTBO B N — 1 peasibHO COBITQ IAIONIEN MO3UINKT YBEJINUNBACTCS, HO MPH
9TOM BEPOATHOCTD TOITBEPAUTH PABEHCTBO B HECOBIAIAIONICH ITO3UIIMI OCTACTCS CY-
IIIECTBEHHOI, TeM CaMbIM 00Iasi BEPOSITHOCTD IOJATBEPIUTEL PABEHCTBO JIaT PacTeT;
HO KOI'JIa P CTAHOBHUTCS CJIUIIKOM OOJIBIIIMM, MbI IIOUTH HAaBEPHOE HE MOATBEPIKIaeM
PaBEHCTBO B HECOBIIQIAIONICH MO3UIIUK U O0IAs BEPOsITHOCTL IOJITBEPIUTL PaBeH-

CTBO JaT CTPEMUTHCA K HYJIIO.

[IpuBesem mpumep pacdeTa HeOOXOIUMOIN TOYHOCTH paclo3HABAHUS CUMBOJIA
e nesieBoro kadectBa 0.01 1o JIooKHBIM cpabaTbiBaHUAM B cjydae TpeX MoJeil.

[TycThb B mosigx nzobpazkeHbl Tpu AaThl JyHEL 6. [1o myrkTy 1 yTBEpAK IeHns 2 nMeeM

1—-0.01<(p®+(1—-p)*°,
0.99833 < 3p®> —3p + 1, (2.41)
> 0.99944.

Tounoctb pacnosnapanust cumbojia 0.99944 sBisiercst HEOOXOIMMOM JIJIsT 3a-
JIAHHOI 11eJ1eBOil BEpOSITHOCTH, HO JIOCTATOYHAsl TOYHOCTH OyJeT OJin3Ka K JaHHOI,
TaK KaK IIpaBble YaCTU IyHKTOB 1 1 2 U3 yTBepkK/leHns 2 acCUMIITOTUIECKH PaBHbI

pu p — 1.

[IpoBejieMm 4umciieHHBIH SKcIIepuMeHT Jijist ID-10KyMeHTa, COCTOSIIEro U3 MMaTh
nosteit (pamuins, uMs, OTY4eCTBO, TOJI, JlaTa), KayKJ0e M3 KOTOPBIX MPHCYTCTBYET
B JIBYX 9K3eMILIApax: HelmocpecTBeHHO 1 Kak 4dacTtb MRZ-ctpokn). Paccunrtaem
JIOCTATOYHYIO TOYHOCTD PACIO3HABAHUS OJIHOI'O CUMBOJIA JIJId 0OeCIeYeH s 11eJIeBO-
I'o KauecTBa 110 JIOXKHBIM cpabaTbiBaHusM, pasHoro 0.01. Obo3naunm m300pazkeHust

CJIOB B Ilapax IoJjieil (paMuanm, IMeHM, OTYeCTBa, 110Jia U JAThl 34

(iSl, iSQ), (inl, iTLQ), (ipl, ipg), (iel, i€2), (’ldl,ldg) (242)

COOTBETCTBEHHO.
Andasut 751 baMunn, UMEHH, OTIeCTBa COCTOUT U3 33 OYKB, /IS 110J1a U3

2, nng garel u3 10.
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Nmeem
P (G(is1) = G(is2),G(ing) = G(ing),...,G(idy) = G(idy))) = (2.43)
— P (G(is1) = G(isy)) ... P (G(idy) = G(id»))),
B CIJTy HE3aBUCUMOCTH pacriozHaBanmii. [lo yTBepxkaennio 2 mosrydaem
P (G(is1) = G(is2))... P (G(idy) = G(idy))) >
6
It ;2p>2 (74 (o) (374 0 D'\ S g O

rjie | cymmapHas JinHa (paMuIun, UMEHH U OTYeCcTBa.
Haiijss HamMeHbIyio TOYHOCTHL Paclo3HaBaHWd CUMBOJIA P W3 TaKUX Hepa-
BEHCTB IIPpU (PUKCUPOBAHHBIX [ 1 B3SB SMIIMPUIECKOE PacIpe/iesienne [, Mbl MOy IUIN

MaTeMaTHIecKoe OyKujiaHue p 1o pacipejenennto [, pasaoe 0.99983.

BepoATHOCTE

/

/
/

/

—

O‘ 012 0l4 0l6 0i8

I'I?pameTp P

Pucynok 2.29 — BeposgTHOCTH BepHOro pacrio3HaBaHnsd JTaThl B OJHOM IIOJIE.

2.8.2 Pacno3HaBaHMe TEKCTa Ha M300pa keHUN OTTUCKA IMeYaTH

[TevaTn m mTamMIbl UTPAIOT BaXKHYIO POJIb IIPU PACCMOTPEHUN 3a/aUl PacIo-
3HABAHUS JIOKYMEHTOB, YJ0CTOBEPAIONINX JUIHOCTDh. [loMuMo npuaanus HeoOxo -
MO IOPUJIMYECKON CHUJIbl JTOKYMEHTY, IeYaTh U IITaMIIbl 3a9aCTYI0 UCIOJIB3YIOTCI

JJIg KOHTPOJIAA BaJIMJHOCTH W ITOAJWMHHOCTMH.
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|

Mapa |ea'rp p
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BeposTHOCTb
i

Pucynok 2.30 — 3aBucuMocTh HEOOXOINMOIO KaueCcTBa PACIO3HABAHNS IUQPDHI 15

pacCliosHaBaHUA II0JIA C 3a/1aHHOI BEPOATHOCTBIO.

BepoatHocTb

0.8

0.4

0.2

I'I?pame'rpp
PI/ICYHOK 231 — BepOHTHOCTb COBIIaJCHUA PE3YJIbTAaTOB PacCllO3HaBaHM YE€TBIPEX

oJieit JaT, IPp1U UX COBIIaJCHUUN B PEaJIbHOCTH.

Haubosbiyto nonyssipuocts B Poccuiickoit @ejepaliun MOJIYUWIN TedaTH
Kpyryoit popMbl. [Ipu 3T0M, B/10TH 00018 TAKOIl 1MevYaTn NIPUHATO HAHOCUTH IOPU/IU-
YeCKN 3HAUNMYTO HHGOPMAINIO (MHINBIIyalbHbIE HOMEpa OT/IeIeHII OpraHn3aIluii,

NHH ropupndeckux jmif u T. 11.). PacrnossaBanme TaKOro TEKCTa SIBJISIETCS OTIeIbHOI
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HOCTb—

BeposT
BeposT

95
‘ MapameTp

|
Pucynoxk 2.32 — BeposaTHOCTb coBITajieHNs pe3yJIbTATOB PACIIO3HABAHUS JIBYX MOJIEl

daT, IIp1 UX pa3/Jindnunl B PEaJibHOCTHU, 3€JICHBIM IIOKa3aH Fpa(bI/IK IIp1 pa3jindiuu B

OﬂHOﬁ 1Iosunrn, CMHMUM — BO BCEX ITO3SHMIIMAX.

BaykKHOII 110/13a/1a4€il 001Ieil 3a/1aun pacio3HaBaHus JOKYMEHTa, YI0CTOBEPSIOIIEIro
JNYHOCTb.

B macrosimem pazjesie OyneT IpeicTaBjeH CIIocoO paclio3HaBaHUSA OTTHUCKOB
KPYIJIBIX IevaTeil Ha MpuMepe oOIerparkJIaHcKoro rnacinopra rpaxjianuia Pd, ko-
TOPBIII B COOTBETCTBUU C TPEOOBAHUSIMU COJIEPZKHUT OTTUCK IIeUaTH OpraHa BbIIAUN

JIOKYMEHTA.

J—.[OKa.HI/ISal_H/Iﬂ OTTHUCKa II€YaTn

Sajiaua JOKaJIM3aIluil OTTHCKA I€YaTH Ha HOPMAJIM30BAHHOM H300parKeHUH
JIOKYMEHTa, OTHOCUTCSI K KJIacCy 3aJad JIeTeKINH 00beKTOB U 3aKJII0YaeTCs B Ollpe-
JIEJICHUN TOYHOT'O IOJIOZKEHUsT N300PaskeHusT OTTUCKA, [TeYaTH.

B kadecrBe MeTOJa JETEKIIMU TOYHOI'O IIOJIOXKEHUS I1eYaTH MOIYT HCIOJIb30-
BaThCA CJIeAYIOIINE IOIXO/IbI:

1. O6obmentoe peobpazopanne Xada. st Kaxk10if TOUKKN Ha n300parKeHnn
CYIIIECTBYET KOHEUHOE MHOYKECTBO OKPYKHOCTEH, KOTOPBIM OHAa MOXKET IIPIHA/I-

JexkaTh. Torjga, T.K. OKPY’KHOCTb 3a/1aeTCs TpeMsl TTapaMeTpaMiu (KOOpuHATaMU



115

[EHTPa U PAJILyCOM ), BBE/Is TPEXMEPHbBI MaccuB (AKKYMYJISITOD ), MOXKHO TIPOBECTH
IIPOTIEYPY MOJIOCOBAHUS, TJie KaxKJas TOUKa roJIOCYeT 3a BCe OKPYKHOCTH, KOTOPHIM
OHA MOXKET IIPUHA/JIEXKATh, 100eIuTe el KOTOPOil MOXKHO OObSIBUTH MCTUHHBIMU
OKPYZKHOCTSIMI, COOTBETCTBYIOIIUME MOJIOXKEHUAM Tedareii [212].

2. Merox Buossl un /Ixxonca. /laHHBII MeTOI O3BOJIAET C MOMOIIHIO TEXHUKH
MaIIIHHOTO 00yYeHUs IIOCTPOUTh OMHAPHBIN KaaccuuKaTop, KOTOPbI ¢ ITOMOIIBIO
MeTOJIa CKOIB3SIIETO OKHA NCIOJIb3YETCS JIId PEIenns 3aa9n JIOKAJIN3aIuNn NCKO-
Moro obbekTa [213].

3. Anmnpokcumariysi KOMIIOHEHT CBSIBHOCTU KpaeB M300parkeHust (purypamu mc-
koMot ¢opMmbl. Ha OnHapHOM M300paskeHnu, SBJIAIOINIEMCA Pe3y/JIbTaToM paboThl
JerekTopa KaHHI, MOXKHO BBIJICIUTH I'PYIIbI HUKCEIEH, TPAH3UTUBHO COCEJICTBY-
IOIIUX JIPYT C JIPYIOM II0 OJHOMY U3 8-MU Halipapjienuil. Takue MHOXKecTBa Oyem
Ha3bIBATh TPeKaMu. Kcn Ha ncxogHoMm n3obpazKeHnu ObLIN IevaTH, TO COOTBETCTBY-
IOIIe TPEeKU OYyJIyT IOXOXKU Ha JIyIy OKpyzKHOCTHU. Ilomck m aHam3 TakKuxX TPEKOB

IIO3BOJIAET JIOKaJIM30BaTh II€9YaTh Ha NCXOJHOM I/1306pa}KeHI/H/I.

Hopmanmnzanust n306paKeHns TEKCTOBOI CTPOKM

Z[JIH IIpuMeHEHNA METOAO0B OIITHYECKOI'O pacCIlO3HaBaHMA TEKCTa K H306pa}Ke-
HHIO II€49aTu 30Ha TeKCTa I'eOMETPUICCKU HOPMaJIU3YETCA: IIPOUCXOJUT «Pa3BOPOT»
prFﬂOﬁ (prFOBOﬁ) IIOJIOCHI IIe4YaTu Ha I/ISO6pa>KeHI/II/I BB NpAMOYTOJIbHUK.

HyCTb 3a/laHbl Hpe,ZLHOﬂaFaeMbIﬁ paanyc 11edaTu Rpred; JKeJlaeMblii OTCTYII OT
Kpagd I11edaTun mdent, HNIMpHuHa BprGSaeMOf/'I IIOJIOCBHI StT’ip N KOOpJAMHaTBbI IEeHTPa
Cstamp (Cx ;Cy)

HyCTb HeO6XO,H,I/IMaH BbICOTa, MTOI'OBOI'O <«pPa3BEPHYTOI'O» IIPAMOYI'OJIbHHUKaA
Hunwmp (CM. PUCYHOK 2.34). H_[I/IpI/IHa «Pa3BE€pHYTOr'o» IPAMOYI'OJIbHHUKa pPacCdU-

TBIBAETCsT TaK (B COOTBETCTBUU C JINHOM OKPYZKHOCTH PAJILyCa <Rp7“ed — indent):

Wanwrap = 2 - 70+ (Rprea — indent). (2.45)

st KazKJjioit TOYKM «pPasBEepPHYTOr0» M300paXKeHUsl PACCUUTLIBACTCS COOT-
BETCTBYIOIAA efi TOYKa MCXOJAHOro. IlyeTh mjer pacderT KOOpAMHAT TOYKHU Py
COOTBETCTBYIOIIEHT TOUKE «Pas3BepHYTOro» nm300paykenusi Pyg (row,col). Tlopsiiok

BLIYUCJICHUIT CJIC/TY IO
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Caamo(C.C)

Pucynoxk 2.33 — CrpyKTypHasl cxema OTTHCKa KPYIJIOi Iedari.

=
i

A ~(T)

) | > |} Hump

(B)

Pucynok 2.34 — Cxema «pa3BopoTay OTTHUCKA HEYATH.

. Beruncisitor paccrosinue ot Py, 10 BHEIIHEl OKPY>KHOCTU BbIpe3aeMOii 110-

JIOCBI:
distance2strip _border = strip* (1.0 — row/Huypwrap)- (2.46)
. Boruncsstor paccrosinne ot Py, 10 BHEITHe OKPYKHOCTHU [T€YATH:
distance2stamp _border = indent + distance2strip border. (2.47)
. Borancanaior paccrosgnue ot Py 10 nentpa nedatu Cypgmy
distance2center = Ry..q — distance2stamp _border. (2.48)

. Borancsigior yrosi Mexjy ropusoHTasbio u orpeskom C'Py.. 110 4acoBoi

CTPEJIKE:

= 2% 7% (1 — col /Waynwrap)- (2.49)
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5. Borameasior koopaunarsl Py, MOCUUTAB CABUTH BJIOJb Oceil KoopanHatr Py,

OT IIEHTpPa I1€9aTu:

r=C, — distance2center x cos(a)y = C, — distance2center * sin(o)
(2.50)

Takum obpasom, Touke Pyg (row,col) coorBercryer Touka Py.. (x,y).

Pesynbrar npejcraBien Ha pucynke 2.35.

N RRAEC

Pucynok 2.35 — Ilpumep «paszBopoTay OTTHCKA ITeTaTH.

Ilouck n pacno3naBaHme 00JIACTU KOO MOAPa3deIeHUs

[Tocsie «pa3BOPOTay» TEKCTOBOI CTPOKU HEOOXOUMO BBITIOJIHUTH JIOKAJTU3AIINIO
neJjieBoro Tekcra. Ko nompasienenns: HanocuTcs 1o madaony XXX-XXX. Biaro-
Japsi HAJIMYNIO I1abJIoHa, HEIOCPEJICTBEHHO IIOMCK O0JIACTU KOJIa, II0Jpa3/Ie/IeHIHsI
MOXKHO BBIIIOJIHUTH C IIOMOIIBIO ajropurma Buosibr n J»koHca Ha n3obpazkKeHunin.

PacnosnaBanmne koja 1ojpasje/leHisI Ha U300ParKeHUU IPOU3BOIAT C IIOMO-
I[HIO OINTUYECKOIO PACIIO3HABAHUSI CUMBOJIOB. Pe3y/braToM sBJISIeTCS TEKCTOBAasi
CTPOKa ¢ ajJbTepHATHBAMU M OIICHKAMU pPaCIO3HABaHUs, TaK»Ke Has3bIBacMasl MaT-
purneii anprepuatus mwin AP-nens. IIpormece mpouncxoaut cieayionmm oOpa3oM: pac-
o3HaBaeMasi 30Ha (CTpoKa) 06/1a[aeT MACCHBOM TOYEK Paspe3aHus Tg, T1, - .., TN.
s kazx 1011 n3 nap ToueK x; U T 00pa3 CUMBOJIA PACIO3HACTCA METOI0M, JAIOIIM
nrrpadHyo OUeHKY 7 (%4, ;). /s myTeit T, SBJISIIONIXCS O/ IMHOZKECTBOM HCXO/HO-
ro Habopa OTPE3KOB pas3pe3aHus, MOJCUUTHIBACTCA Mepa m (T) Kak HauMeHbIIas U3
OIEHOK Iap COCEJIHUX TOUYEK paspesanust 1 (T, T;y1). LIeJbIo SBIsSETCS HAXOXK IeHHe
yTH ¢ MAKCUMAJIbHOI oneHKoit m (T). OuTuMaIbHBI MyTh OMPEIEIAeTCs ¢ TTOMO-
I[bIO JIMHAMUYECKOI'O IIPOIPAMMUPOBAHNUSI, OIIMPAIOIIEr0OCs B KayKJIOM OTpPE3Ke Ha

Y2Ke IIOCTPOEHHBIE OIITUMaJIbHBIE IIYTH B IIDOMEZKYTOYHBIC TOYKHU, 9TUM JOCTUT'aCTCHA
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[IOCTPOEHNE ONTUMAJILHOTO IYTH, BEJYIIEro M3 HavaJbHOM TOYKM 30HBI CerMeHTa-
I B €€ KOHEYHYIO TOYKY 3a OJMH IPOXO/I.
Ha pucynke 2.36 npuBesier mpumep MaTpuilbl ajbrepratus (AP-menn), coot-

BETCTBYIOIIEl M300parKeHnio HOMepa.

2000 | 90905 | 20ss0 |¢ Jorro| Oooss | Ousso | Loomo

0,988 0,999 0,980 0,770 0,988 0,999

7 7 9

0,012 0,01 0,020 | 0230 0,012 0,001 0,020

Pucynok 2.36 — Ilpumep marpunsr asbrepnatus (AP-menn), coorBercrBytoreit

n300parkeHnio HoMepa.

2.8.3 KoHTposb criocodba HaHeceHUs TEKCTOBOU mHMOpMAIAn

C mesbio obecliedeHns JI0JXKHOI0 YPOBHS JIOJINOBEYHOCTH JIOKYMEHTa, & TaKyKe
JUTS TIPUIAHTS JOTMOJTHUTETBHON 3aIUTHl OT (Ppa/ibcUPUKAINN, B JOKYMEHTaX, YI0-
CTOBEPAIONINX JIMYHOCTD, UCIIOJIb3YIOTCH PA3InYHble TEXHUKN HaHEeCeHUs TeKCTOBO
nndopmanun. Tak, HapuMep, B TEKCTOBBIX I10JIsI IOMIMO TPaJIUIIMOHHBIX CIIOCOOOB
nevyaTu (ﬂasepﬂoﬁ, CTpYIiHOI, TpadapeTHOil nn ocbceTHOﬁ) MOI'YT IIPUMEHATHC
JlazepHasi I'paBUPOBKa, Ja3epHas Iepdopaliys, SM00CCUPOBAHIE CHMBOJIOB U JIPY-
rne (cMm. pucyHok 2.37).

Kpome Toro, BaxkHoil 3ajadeil sBIgeTCd KOHTPOJIL ceMelicTBa W HadepTa-
HUIT pudTOB, KOTOPbIE MCIOJJIL30BAJNCh IIPU HAHECEHUU TEKCTOBLIX JaHHBLIX. B
OOJIBIIITHCTBE CTPAH IPU OIMUCAHUK CTaHIapTOB 0(POPMJICHUS JIOKYMEHTOB, YI0CTO-
BEPSIIONINX JINYHOCTh, YKECTKO PerjiaMeHTUPOBaHbI IIPUQTHI, KOTOPBIMU JIOJIXKHBI Ha-
HOCHTBCSI TEKCTOBBIE 10JIs1 (CM. pucyHOK 2.38). OTcTyIuierne oT JaHHbIX CTaHIAPTOB
SIBJISIETCSI, B 9AQCTHOCTH, 3HAUYMMBIMU IIPU3HAKOM IIpeIbsBiieHust (ajibcuduKaum

BMECTO OPHMI'MHAJILHOI'O JOKYMECHTaA.
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Pucynok 2.37 — Ilpumepnl TekcTa, HAHECEHHOIO METOJIOM JIA3ePHOI I'PaBUPOBKU C

TaKTUIbHBIM dekToM (c1eBa) n jasepHoil mepdoparun (crpasa).

- 1.[a]Name / Surng SURNAME

1. mﬂ I MUSTERM SANTOS

2. SARAH ' " GIVENNAWVE
MEREDYTH  ©® GABLER @ JosE

Pucynok 2.38 — Ilpumepbl ncosb3yeMbix MpudTOB IPU U3TOTOBICHUN (CJieBa Ha-

paBo) OPUTAHCKUX BOJIUTEIbCKUX YIOCTOBEPEHHI, HEMEIKIX HJIeHTU(DUKATINOHHBIX

KapT u (bI/IJII/IHHI/IHCKI/IX I/I,ZI;GHTI/I(I)I/IKELIH/IOHHBIX KapT.

Takum obpaszom, MpoBepKa criocoba HaHeCeHUsT TEKCTOBLIX MOJIel o m300pa-
JKEHHIO JIOKYMEHTa, YJIOCTOBEPSIONIEro JINUHOCTD, ABJISETCA BayKHOM 10j13a/1adeii B
paMKax 3ajJlaud pacrosHaBanusg ID J0KyMeHTOB.

B wnacrosiiiem pasjiesie ornmcaH Crocod ITOCTPOEHHS IOJCHUCTEMbl KOHTPOJIS
criocoba HaHeCeHUsI TEeKCTOBBIX I10JIeil 1 BBISIBJICHIS aHOMAJINMI C HCIIOJIb30BAHIEM
MHCTPYMEHTA ITOJTHOCBA3HBIX HEPOHHBIX CETEil.

PaccmoTpuM cientytoniyio 3ajady. [lycrs s onpejieieHHOro Kjiacca JIOKY-
MEHTOB, YJIOCTOBEPSIONINX JMIHOCTD, 3aJlaHHbIe TEKCTOBBIE IMOJISI ¢ TOUYKU 3PEHHS
ocobeHHoOCTH Hamecenus obsamaior csoiictBoM A. Ilycrh ecTh mcciemyemoe n3o0-
paxkenne Tekcroporo mojsi f. Heobxommmo mposeputh Hajm4dnme cpoiicTBa Ay
HCCJIelyeMOro n300paskeHusT TeKCTOBOTO IOt f.

Anropurm perernst ¢chopMyINPOBAHHON 3a1adm OyneM CTpoOUTh Ha Oasze Ou-
HAPHOT'O HEMPOCETEBOTO JIETEKTOPa, MPEJICTABISIONIET0 U3 ce0s MOJHOCBEPTOUHYIO
HEfPOHHYIO CeTh, KOTOpast B pe3y/ibTaTe 00pabOTKH N300PaykKeHust TEKCTOBOTO MOJIs
f cTpouT KaprTy OIEHOK NPUCYTCTBUSI U OTCYTCTBHUsI CBOiicTBa A B Kak/0#1 TOY-
Ke n300parkeHus f.

AnropuT™m npejosiaraeT aHaJIn3 TOPU30HTAIBHBIX TEKCTOBBIX ToJieil. [TosTo-

MYy OT OICHOK IIPpHUCYTCTBHUA MCCIIEAYEMOI'O CBOIiCTBa B Ka>KJI0M IIHKCeJIe MOXKEM
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nepeifTH K MHTerpajibHOi OlEeHKe BJIOJIb KaxKJIoi BepTuKaIbHOM juHun. [lycTs w'y
u w% — HMHTerpaJjbHble OIEHKH NPUCYTCTBUSI U OTCYTCTBUsI CBOWCTBa A 10 BepTH-
kasbHoit unun ¢ € 0, 1, ..., Wy — 1, tae Wy — mupuna nzobdpazkenusa TeKCTOBOI
cTpokn f B nukcesax. OupejiesinM CyMMbI 3HAUEHHN OIEHOK Sy 1 S 10 BCEM Bep-

TUKAJIbHBIM JIMHUSIM CJIEAYIOMINM OOPa30M:
We—1 Wr—1

Sa= Y wy Sz= > wlh (2.51)
i=0 1=0

BaxkHO 0TMETHTB, YTO paccMaTpPUBaEMOE TEKCTOBOE II0Jie B IeJIOM 00JIa1aer
coiictBoM A, ecrm Sy > Sy
Hazosem anomasineii curyaliuio, Ipu KOTOPOIl B TEKCTOBOM Iojie f Oblila da-

CTUYHO HapylleHa OJHOPOJIHOCTL cBoiicTBa A TexkcroBoro mosist. Ilpumep rTaxoit

i S
[ -
"
. » “ f
’
'r8 4 .9
- > A -
< .- _ - )t "
i TR . X

Pucynok 2.39 — Ilpumep rekcroBoro mnojist 6e3 aHomasinii (CieBa) U ¢ aHOMAJUSMHE

CUTYyallul IIpeJIcTaBJIeH Ha PUCYHKe 2.39.

B pe3yJjibTaTe II0JAMEHBI CUMBOJIOB (cnpaBa).

3 ocobennocteit 3a/1a4n HAC HHTEPECYIOT AHOMAJIIH, (PU3NUIECKUIT pasMep KO-
TOPBIX 110 IMHUPUHE COMOCTABUM C IUPUHON cuMBoJta. [Iycts Wy — cpennsist mupuna,
CHUMBOJIOB, IIPUCYTCTBYOMNX B TeKcToBOM 1ojie f. [lycrs T — MuHMMAJIbHBIH 1TOPOT
JUIST JIETEKIINN KJIacca IPH MTOMCKe aHOMaJIiK. Torja, aHaju3upys HHTerpasbHbIe
OIEHKH BJIOJIb BEPTUKAJIBbHBIX JIMHUN MOYKHO HANTH HAMOOJIBIIHNI yIACTOK JIJTHHBI
L, 711 KoTOporo HapyieHa OJHOPOJIHOCTh CBOCTBa A TEKCTOBOIO I0JISA, TO €CTh
TaKyIO HO3UIUIO 7, JJIsI KOTOPOIl CIIpaBe/InBO w’j >T Vi ey,..., 7+ L. Torna,
ecim L > Wy, To aHOMa/sl B UCCJIEIYEMOM TEKCTOBOM I10JI€ 33JIeTeKTHPOBAHA.

BJiok-cxemMa orcaHHOTO B JJAHHOM pasjielie aJropuTMa MpuBejieHa Ha pucyHke 2.40.
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W3o6paxenwue f B LIBETOBOM
npocTpaHcTee RGB,
cofepxalliee TeKCToBOE nosne

[OKyMeHTa
BbI41CNEHNe OLEHOK Moner-cymms oLieHox
anMEHEHHE ue YBEPEHHOCTH:
3 YBEPEHHOCTH:
HelipoceTesoro Y A SZ
AeTeKTopa KOHTpons WA wz
TEKCTOBbIX AAaHHbIX K o K ., NALHOR A8 KQKZOI0 U3 2-X KNACCOoB Mo
nso6paxenuio 0 Kauihon BEpTNKATIEHO BCEM BEPTUKASILHBLIM NIMHUAM
NnHnn n3obpaxenus f n306paeHns f

—

Y

Beiuncnenve WNpuHe! L aHOManuu:
onpeaenseTcs MmakcumManbHas WwypuHa
u3obpaxenun f, rae AnA Kaxaoi
BEPTMKANbLHON NMHUK:

w- >T,
A

i€ fnndt L, FE LW

AHomanua
NpuCyTCTBYET B
n3o0paxeHuu f,

AHomanus
OTCYTCTBYET B
n3o0paxeHwn f,

fa Her.

Her. .1j|a,_1

Mzo6paxeHue f
TEKCTOBOrO Nons
o6nafaeT cBOCTBOM
A

WsobpaxeHue f
TEKCTOBOro nons He
obnapaet
CBOIACTBOM A

W3obpaxenne f
TEKCTOBOrO Noss
o6nagaer cBOMCTBOM A,
HO IeTEKTUPOBAHA
aHomanus

Pucynok 2.40 — Bjiok-cxema ajropuTmMa KOHTPOJS CIIOcOba HaHeceH!s] TEKCTOBOI

nH(MOPMAIIIH.

2.9 Mozaeab yHUBEpPCAJbHON CHUCTEMbBI PACIIO3HABAHUSA JTOKYMEHTOB,

YJOCTOBEPSIOIINX JINYHOCTD

2.9.1 Omnpenenennsd

[Tepej1 TeM Kak nepeiiTi K pacCMOTPEHUIO KJII0UEBhIX ITP00JIeM 1 0COOEHHOCTEI],

dopmasibao BBejgeM mnonsTug 2D, 3D u 4D pacnosnaBaHuii.
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Onpenenenue 1. Bydem Ha3vieams pacnosdnasarue u3obdpastcenus 00KYMeHma
«pacnoduasaruem 2D», Koz2da dokymenm Hna UCCAeIYeMOoM U300PAAHCEHUU PACNOAO-

HCEH 6 NAOCKOCTNU U306pd9fC€HUﬂ.

Omnpenenenue 2. bydem nasvieamdv pacnodnasarue u3o0padtcenus JOKYMeHma
«pacnosnasanuem 3Ds, Kozda dokymenm na u300padceHuU MOHCEM ObIML NOGED-
HYM Ha 6ce Mpu Yeaa IJUAEPA NO OMHOULEHUNO K ONMUYECKOT CUCTNEME KAMEDDL,

KOMOPQA PACCMAMPUBAEMCA 8 PAMKALX MOOCAU KAMEPBL-00CKYPLL.

Omnpenesierue 3. Bydem nasweams pacnosnasanue cepul, u3obpasicenuti 0oky-
MENMOG  «pacnosnasanuem 4D», Kkozda uccaedyemvie U300PAHCEHUA ABAAIOMCSA
OMOENLHBMU KAOPAMU 8UJEONOMOKA U MO2YM Obimb YnopAadoveHvl ¢ Y4emom epe-

MEHHOT UWKANDL.

2D cucrembl pacniozHaBaHus YI0CTOBEPSIONINX JOKYMEHTOB TPAIUIINOHHO TMe-
10T JIeJIO C M300paKeHNs MY, IOy IeHHBIME C ITOMOIILIO CKaHepoB. B mamHom cirydae,
MOMUMO OOBIUHBIX JIJIT TAKOTO POJIA CHCTEM MOoj3a/a4 (BKIIOUYAIONIX MICHTUMN-
Kalliio BU3YaJbHBIX 3JIEMEHTOB JIOKYMEHTa, aHaJIn3 CTPYKTYPHI, paclo3HaBaHUe
TEKCTOBBIX IOJIEH ¥ T. J1.), BOSHUKAIOT JIOMOJTHUTE/IbHBIE TPOOIEMbL: TPOU3BOIHLHOE
CMeITeHre W MOBOPOT JOKyMEHTa Ha M300parKeHnn, a TaKxKe, B HEKOTOPBLIX CJIyda-
SIX, HEM3BECTHOE pas3pelieHne n300paykerust (HarmpuMep, KOra MpoIece MoJIy deH st
m300pazkeHust CO CKaHepa He KOHTposmpyeM). Tem He MeHee, Bce yKa3aHHbIE MMOJ3a~
Jlady, CBA3aHHDbIE C OIpeJieJIeHeM NeOMETPUN JIOKYMEHTa, PeraioTcs (haKTUuIecKn
Ha 1iockoctn (2D pacrosnaBanue).

Ecnn mzobpaxkenne JTOKYMEHTa TOJYYeHO C TTOMOIIBIO BeO-KaMephbl WIN Ka-
Mepbl MOOUJIBHOTO ycTpoiicTBa (cirydait 3D pacrosHaBaHus), TO BMECTO aHAJM3A
dakTHIecKn MI0CKOro 00beKTa HeOOXOINMO aHATN3UPOBATEH TPEXMEPHYIO CIIEHY, IIe
JIOKYMEHT JIOJIZKEH OBITH JIOKAJM3UPOBAH C YYETOM MPOEKTUBHBIX TPEoOPa30BaHUil,
BO3MOXKHBIX HEJTMHEWHBIX NUCKayKEeHUI W Ipou3BOJILHOTO (poHa. [Tommmo reomerpn-
JeCKNX OCOOEHHOCTe!l pPacIoJIOKeHUs JOKYMeHTa, JaJbHeNIne MeTOIbl aHaJIn3a
JIOKYMEHTOB JIOJIZKHBI YUNTBIBATH TAKXKe BO3MOXKHYIO pacOKYCHPOBKY, pa3MbITHE,
HEepaBHOMEpPHOE WJIN HEJOCTATOYHOE OCBelleHne, a TaKyKe OJTMKH Ha OTparKaroleil
MOBEPXHOCTH JIOKYMEHTA.

Hakomner, ecanm BXojHblE JaHHble — 3TO HE €IUHUYHOE W300pazKeHue, a Io-
CJIeJIOBATEILHOCTD BUICOKaAPOB (cirydait 4D m300parkenust), TOKyMEHT HEOOXOAUMO
obpabaThiBaTh BO BPEMEHU C YIETOM MEHSIONMNXCA YCJI0BU chbeMku. [Ipu sToMm ns-

OBLITOYHOCTD BI/ISyaJIbHOfI I/IH(bOpMaILI/II/I MOZKET OBLITH HCIIOJIb30BaHa JJIA TTOBBIIIICHN A
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HaJIe?KHOCTH PE3YJIbTATOB aHAJIN3a 1 PACIIO3HABAHNA JOKYMEHTOB, & N3MEHS IO
YCJIOBUSI MOT'YT OBITH MCIIOJIb30BaHbI JIJII OOHAPYKEHUs U aHAJIN3a ONTUUECKHIX IIepe-
MeHHBIX 3(HEKTOB (TOJIOrpamMM, ONTHIECKH TIEPEMEHHBIX KPACOK U T. JI.), KOTOPBIE
ITUPOKO MCIOJIB3YIOTCS JIJIsl 3aIUTHI JIOKYMEHTOB, YJIOCTOBEPSAIONINX JITIHOCTD.
Bce nepednciennbie mpodJieMbl 1 0COOEHHOCTH, Bo3HUKatomue npu 2D, 3D u
4D pacrnosHaBaHUN YIOCTOBEPSAIONINX JOKYMEHTOB, CXeMATUIHO ITPEACTABICHBI Ha

pucynke 2.41.

HeusgecTHOS MponaeonEHER o E":::: on MuowecTED
paipeleHne COBHI ¥ NOBOPOT E:ae u;eHx obpaaoe uﬁ'nern'ai
Yenosns
"2D" pacnoaHagaHue Soeaa iy | MIMEHSIOTCS BO
MpOoBKa
| et | Bpeweny
MpoexTHEHBIE HenuHelHbie MponasonsHbid ‘:-"-::Tpcﬁc:na g
HCKAREHWA HCHEWEHWA oH Tngﬂ::;{;::

"3D" pacnosHasaHWe

"4D" pacno3zHaBaHue

Pucynok 2.41 — Ocobennoctu 2D, 3D u 4D cucreM pacro3HaBaHUsI JJOKyMEHTOB,

YAOCTOBEPAIOIINX JINYHOCTD.

2.9.2 Ilomxoa K MOCTPOEHUIO

Hecmorpst Ha pasjimdHbie yCIOBUS TOJYYEHHs] BXOJIHBIX JIAHHBIX (OyIb TO
300pazkeHusl WM [0CJIeJI0BATEIbHOCTD BUICOKAJIPOB), PA3JIUYHBIE MOJIEIU e~
METPUYECKOI0 TOJIOXKEHUs JIOKYMEHTa U Pa3JIndHble JIONOJIHUTEIbHbIE NCKAYKEHU s
(Takme KaK HAJMYNE PA3MBITHSI, OJINKOB, HEPABHOMEPHOI'O OCBEIIEHHsI U T.1. ), HETO-
CPEJICTBEHHO OOLEKT PACIO3HABAHUA — JIOKYMEHT, YJO0CTOBEPSIONIHI JIMTIHOCTDL —
OCTACTCAd HEUM3MEHHBIM.

[TosTomy pasyMHBIM SBJII€TCH TIOJXOJ, MOCTPOEHUS COBPEMEHHON CHCTEMbI
pacro3HaBaHuil nJIeHTUPUKAINOHHBIX JJOKYMEHTOB, YIUTHIBAIOINIEH CIeuUKY pas-

JIMYHBIX PEZXKUMOB II0JIYyYICHNA I/I306pa}K€HI/IH. HpI/I 9TOM OTJCJIbHBIC KOMIIOHCHTDI
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IIpn TaKOM IIOAXOJ€ U NMX B3aMMOCBA3L JOJI?KHDI obecrieunBaTh IMOAAECPZKKY MHOZKE-

CTBa pa3/IMYHBIX TUIIOB I/I,ZLGHTI/I(i)I/IKaH;I/IOHHI)IX AJOKYMEHTOB, a apXUTEeKTypa JOJIZKHa

InmogaepKuBaTb BOSMO2KHOCTDL BKJIIOYEHMA AOIIOJIHUTE/IbHBIX METOJ0B aHaJIln3a 1 00-

pabOTKN JIOKYMEHTA.

B nacrodimem pa3zjese mpeJcTaBiIeH CINCOK MPEeIOKEHN, KOTOPBIX CJIeTyeT

IPUJIEPKUBATHCST [IPU TIOCTPOEHUE YHUBEPCAJIBHOI paciio3Hatoreil cucreMbr (yHU-

BEPCaJIbHOCTL B JaHHOM CJjly4dae IIoJApa3yMeBacT IIOAACPZKKY BXOJHBIX JaHHDBIX,

coorBercTBytorux mnoustusm 2D, 3D, 4D).

1.

W crnionb3oBaHNEe MeTOA0OB JIOKAJU3AIUN 11a0JIOHA, YCTOMYNBBIX K
IMMPOEKTUBHBIM HCKakeHudAM. [IpumMenenne Takux MeTOJIOB ITO3BOJISET
aBTOMATHYECKN 00padoTaTh MPOEKTUBHBIE MpPeodpa3oBaHus, HeJTUHEHHbIE
NCKayKEeHUsl WM [TPOU3BOJIbHBIN (DOH, KOTOPbIE YCJIOXKHSIOT IIPOOJIEMY Pac-
no3HaBaHusi 3D JOKyMeHTOB.

OnpeneiieHne pa3penieHus JOKYMEHTa II0 pe3yJbTaTaM JIOKAJIV-
3anuu 1madJioHa. ndopmanmuio o pakTuieckoM pa3perieHny CJeyeT
BBIYHC/IATH TIOCJIE Tala JOKAJIU3alN U UJIeHTuguKaImn jgokyMenTa. Jlo-
KYMEHTBI, yJIOCTOBEPSIONINE JIMIHOCTh, OTHOCATCS K KJIAcCy JOKYMEHTOB
¢ (bUKCUPOBAHHOIT («}KeCTKoﬁ») cTpykTypoii. [Tosromy, 3Has dpuzndeckue
pasMepbl UJIeHTHMUIIMPOBAHHOIO JIOKYMEHTa U OIPEJe/NB I'PAHUIILI J10-
KyMeHTa Ha U300paKeHn, MOXKHO C BBICOKOH TOYHOCTBHIO BBIYUCIUTH
dakTIIeckoe pasperieHue.

HezaBucumpblii aHaan3 kKadecTBa mu3obparkeHmusi. AHajam3 1mpodsiem
pacOKyCUpPOBKH, Pa3MbITOCTH, OJINKOB MJIM HEPABHOMEPHOI'O OCBEIEHUs
1 IIpoYre IIPoOJIeMbl, CBOMCTBEHHBIE CJIyYasiM paclio3HaBaHUs JOKYMEHTOB
B 3D u 4D, cienyer BbIHECTH B OTIEJIBHYIO TOACHCTEMY. Bhlenenne qanao-
r0 MOJIyJIg OOJIETYUT aHaJnu3 B CJIOXKHBIX CAydadX W MO3BOJUT Ha PAHHUX
STarax OTMUILTPOBATL BXOJHBIE JIaHHbIE TIJIOXOI0 KAueCTBa.

AHaJm3 3/IeMEeHTOB JOKYMEHTa Ha CKOPPEKTHUPOBAHHBIX W OTMAaC-
IMTaOMPOBAHHBIX M300parkKeHusiX. lcrob3oBaHne y»Ke CKOPPEKTHPO-
BAHHOTO (OT IIPOEKTUBHBIX NCKAYKEHUIT) M300parkeHns Mad/IoHa JOKYMeHTa
[I03BOJIFET IIPUMEHSITh OJJNHAKOBbIE METO/Ibl aHAJIN3a OT/Ie/IbHbBIX 3JIEMEHTOB
KaK B cjydae paclio3HaBaHus JOKyMeHTOB B 2D, tak u B 3D u 4D.
ObGecnieyenust AocTyna K pe3yJbTaTaM Paclo3HABAaHUS ITPEIbITy-
muX KaJapoB. B ciaydae 4D pacnosnaBaHus JJOKYMEHTOB YCJIOBUS ChbEMKH,

U3MeHAdomunecd BO BpeMenun, MoryT OBITD KOMIIECHCHUPOBaHbI Ha OTJCJ/JbHbBIX
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STalax 1polecca dJarogaps JOCTYIy K BpeMEeHHOMY XPaHUJIUIILY UK Pac-
IMO3HABaHUS U BO3MOKHOCTH UCIIOJIb30BATh PE3YAbTAThl PACIIO3HABAHUS U3
NPeJIbLIY X BUJIEOKAPOB.

6. Ncnoab3oBaHme MoayJieii KOMOMHUPOBAHUS Pe3yJ/IbTATOB pPacHo-
3HaBaHus. J[obapieHne Moy/ieii KOMOMHUPOBAHUS 103BOJISIET ITOBBICUTH
02KHJIaeMYyI0 TOYHOCTHL pacliO3HaBaHU I110Jieil JJOKYMeHTa 3a CYeT HUCIOJIb-
30BaHusI NH(MOPMAIME U3 HECKOJIbKIX KaJIPOB, & TaKKe IIPOBOJAUTH aHAJINI3
ONTUYECKHN U3MEHSEMbIX 3JIEMEHTOB.

7. OuabTpalidss yCIEeITHO PAacIo3HAaHHBIX moJieii. Ines nacrosiero
NpEJIOKEHNST 3aK/II04aeTcs B peajin3allud MOJLYJIs, OCTaHaBJIUBAIOIIETO
pacro3HaBaHus OTJ/EJbHBIX I0JIeil Ha O4YepeIHOM KaJpe BHJIEOIOC/Ie/I0Ba-
TEJILHOCTH, €CJIM TaKoe TI0JIe Y2Ke YCIIEIIHO paciio3HaHo. V3-3a ocobeHHOCTEI
YJIOCTOBEPSIONINX JIOKYMEHTOB 3a49aCTyl0 BO3SHUKAET CUTYyalls, KOorja pas-
JINUHBbIe MHQOPMAIMOHHBIE 110JIg TPEOYIOT PAa3HOIO KOJMYECTBA BXOHBIX
KaJIPOB JIJId YCIIEIIHOIO Paclo3HaBaHmus. PaHHMII OCTAHOB 1O OTIEIbHBIM
noJigM Jutd caydas 4D pacrnosHaBaHus IMO3BOJISET COKPATUTH O0INee KO-
JITYECTBO PacIliO3HABAEMbIX 3JIEMEHTOB, CYIIECTBEHHO COKpAalllasl UTOr0BOE
BpeMsl paclio3HaBaHUS JOKyMeHTa.

CiiejoBaHne yKa3aHHBIM IPEJJIOYKEHUSIM I103BOJISIET IIOCTPOUTH CUCTEM Pac-

MO3HABAHUS YJIOCTOBEPSIONINX JIOKYMEHTOB, OJMHAKOBO XOPOIIO PabOTAIONIYIO €

pPa3/JIMYHbIMU TUIIaMHM BXOJHBIX JaHHDBIX.

2.10 BriBoapl 1o riiase

[JtaBHBIM pE3y/IBTATOM STOi TIABBI SIBJISIETCs TTEPEXO0]T OT KJIACCUIECKIX METO-
JIOB pacrio3HaBaHus JOKYMEHTOB Ha OCHOBE OMHapU3allii, aHaJIn3a TeKCTOB, JTUHUII,
YIJIOB, METOK H T.II., K METOJaM KOMIIbIOTEPHOI'O 3PEHUs, TPUMEHSIONIIMCS B aHa-
JIN3e TPEXMEPHBIX CIICH.

1. TIpoBesien cucTeMHBIN aHAJIN3 APXUTEKTYPhl KOMILIEKCOB pPacIiO3HABAHUSI
JIOKYMEHTOB, YJIOCTOBEPSIONINX JTUIHOCTh. BBIABIEHBI 0COOEHHOCTH JIOKY-
MEHTOB, YJIOCTOBEPSIONIIX JUIHOCTH, OKA3bIBAIOIIE BJINAHNE Ha ITPOIECC
pacro3HaBaHust 1 0COOeHHOCTH (DOPMUPOBAHUS U300ParKeHUl ITUX JOKY-

MEHTOB.
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2. IlpencraBien mMeTos BBIAEJTEHUS TEKCTOBLIX CTPOK, MOCTPOEHHBIN C MpH-
MeHeHUeM HHCTPYMEHTOB MOPQOJOTMIECKOTO aHan3a M JIMHAMIIECKOTIO
[IpOrpaMMUPOBAHUSI.

3. Ilpemyoxken Mojxo/1 K MpoBepKe MOAINHHOCTU JOKYMEHTOB, YIO0CTOBEPSIO-
X JJUIHOCTD, HA OCHOBE CBEPKU M30BITOYHBIX JAHHBIX, KOHTPOJIsSI CIIOCO0a
HAaHEeCEeHUs TeKCTOBOI MHMOPMAIMN 1 aHAJIIN3a KPYIJIbIX IedaTeil.

4. Tlpenoxen 1oJIXoJT K TOCTPOEHUIO YHUBEPCAJILHOIN CHCTEMBI pPACIIO3HABA-
HUST WACHTU(UKAITMOHHBIX JOKYMEHTOB C IPOBEPKOIl IMOJIMHHOCTA KaK
KOMIIOBUIUN aJI'OPUTMOB KOMITBIOTEPHOI'O 3pEHUs, PUMEHSAEMbIX B aHa-
JIN3€ TPEXMEPHBIX CIICH, YUHUTBIBAIONINI BbIABJIECHHbIE OCOOEHHOCTH KakK

JIOKYMEHTOB, TaK H IIPOIeccOoB (pOPMUPOBaHUsT N300ParKeHMIA.
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I'naBa 3. Pacno3naBanue o0ObeKTOB B BHUJIEOIOTOKE

3.1 Bseaenune

B mpeabiaymieit riiaBe ObLIM paccMOTPEHbl OCOOEHHOCTU CHUCTEMBI PACIIO3HA-
BaHNs, TPUBHOCUMbIE 3aMEHOI CKaHUPOBaHUs Ha ChEeMKY KaMepoil B HEKOHTPOJIH-
pyeMmbIX yciaoBusx. Tak:ke ObLIM ITPOaHAJM3UPOBAHbl OCOOEHHOCTH, CBSI3aHHBIE C
NPUPOIOI TOKyMeHTa, y/I0CTOBEPAIONIETO JTNYHOCTD.

B »sToit r1aBe mpoBeeH aHaJM3 U3MEHEHHI IIpoliecca Paclo3HaBaHU IIPU I1e-
pexojie K pacCMOTPEHUIO BUIEONIOTOKA. B paMKax HacTosIIell TJIaBbl MCC/IeI0BAHDbI
BOITPOCHI TIOBBIIIEHNST KAYeCTBa paclio3HaBaHns 3a CUeT BhIOOpa HAWIYUIIEro KaJpa
NI KOMOMHUPOBAHUS PE3YJIbTATOB paclio3HaBaHUs OTJCIbHBIX KaJPOB, TTOCTPOEHO
1 1CCJIeJOBAHO paclipe/jiesieHne OlleHOK paclio3HaBaHUs, N3yUYeH BayKHENIit BoIpoc
O MecTe aBTOMaTUYeCKOI'0 OCTAaHOBA, a TaKKe JeTaJIbHO MCCJIeI0OBaHbl BOIIPOCHI ITPO-

N3BOJUTECJILHOCTH.

3.2 MO,Z[GJII) CUCTEMbI pPpacCIIO3HaBaHNA B BHUAEOIIOTOKE

3.2.1 OcobenHoCTHU mpoIlecca pacno3HaBaHWs B BUIEOMOTOKE

Buenpenne TeXHOJOIMYECKNX, COMUAIBHBIX U KOMMEPYECKNX ITPOIECCOB, OC-
HOBAHHBIX Ha HCIIOJb30BAaHUU MOOUJIBHBIX YCTPOICTB M TEXHOJIOIUil, B YCIOBUIX
COBPEMEHHOI'0 MUPa yzKe siBJIsIeTCsI 00bIIeHHOCTHI0. CHCTeMbl TEXHUYIECKOIO 3PEHNUsT
C HCIIOJIL30BAHNEM MOOUJILHBIX TEXHOJIOIHI, K IPUMEPY, CHCTEMbI aBTOMATHIECKOIO
BBOJIa U aHAJIN3a JJOKYMEHTOB Ha MOOMJILHBIX YCTPONCTBAX, IIPOJOJI2KAIOT BHITECHITD
TPaJIUIMOHHbIE CTAIMOHAPHbIE CUCTEeMbl. Pa3BUTHe TEXHOJIOINN TEXHUIECKOT'O 3Pe-
HUsI C IPUMEHEHIEM MOOUJIbHBIX YCTPOWCTB B YCIOBUSX allllapaTHBIX OI'PaHUYeHHMIT,
CBsI3aHHBIX C HUMH, CTAHOBUTCS Bce OoJjiee aKTyaJIbHOI 3a/iadei.

Knaccngeckne cucrteMbl pacro3HaBaHnd U aBTOMATHIECKOIO BBOJA IPEIIIO-

JlaraloT UCIOJIb30BaHNEe CKAHMPOBAHHOIO M300parkKenus mjin gororpadun odObekTa
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B KadecTBe ero onudpoBaHHoro mnpejcrasiennsd. [Ipu ncrnoap30Bannn MOOMIBHBIX
yCTPOHCTB Ji/isi o1 POBKU 00pa30B paclio3HaBaeMbIX 00bEKTOB BO3HUKAET JIOII0JI-
HUTE/IbHAsT BO3MOXKHOCTH HCIIOJIB30BATh BUJIEONOTOK NU(MPOBOI KaMepbl TOMUMO
oTebHBIX (poTorpaduit min Kajapos. [Iporecc dpororpadun odbekTa pu moMoIm
COBPEMEHHBIX MOOMJIBHBIX YCTPOMCTB IPEJIIo/aracT STal ‘HaBeJIeHNd OIepPaTopOM
00beKTHBa KaMephbl Ha OOBLEKT € OTOOParKeHHeM KaJIPOB BHJIEOIOTOKA Ha dKPaHe
YCTPONCTBA B peaibHOM BpPEeMEHU JJisd KOHTPOJIS ollepaTopa. B ciaydae, ecim obpa-
00TKa M300parkeHus IIPOM3BOJNTCSA € OJHOTO M300pazkeHusi, nHMOPMAaINsd, KOTOopast
COJICPXKUTCs B 3aXBaYCHHBIX MIPEJIBAPUTENIbHBIX KaJIpaxX UCIIOJIb3yeTCs JINIb KOCBEH-
1o (omeparopom). [Ipu pacecMoTpeHun e/ IbHOTO BUJIEOTIOTOKA B KAUeCTBe I POBOro
obpasza 00beKTa MOAB/IAeTCS BO3MOYKHOCTD NCITOJIb30BaTh ropas3 io 0OJIbIIE BU3YaIhb-

Hoit muopMaru [214].

&

Pucynok 3.1 — Ilporecc ¢beMKE WACHTUPUKAIIMOHHOTO JOKYMEHTA ITPH TTOMOIIH
MOOUJILHOIO YCTPOCTBA (B KAUeCcTBe JIOKYMEHTa HCIIOJIb3YeTCsT MaKeT UeHTH()IKA-

IUOHHON KapThl [epmanun).

Vcnosip3oBanne BUIEOIIOTOKA MO3BOJISAET peliarTh 3aJadu, HeJIOCTYIHbIE JIJId
peleHnst Ipu aHaJ3e OJAuHOYHON dororpadun. BHennne ycaoBust ¢beMKI MOI'YT
IPUBECTU K TOMY, YTO pPacClO3HaBaeMblil 00bEKT CHJILHO MCKayKeH Ha OJUHOYHOM
uzobpazkenun [215]. Tlpumepom siBjsiercss GJIMK OT TIPOTSAKEHHOIO MCTOYHUKA CBE-
Ta, TMPOSIBJISTIOIINICS HA TISTHIIEBO MOBEPXHOCTH ILJIOCKOrO 00bekTa (cM. puc. 3.1)
[TocKoJIbKY B BHJIEOIIOTOKE MeOMETPHYECKOE I0JI0YKEHNE CHUMAEMOIr'o 00beKTa, Kak
IIPABUJIO, MEHSIeTCsI MKy KaJipaMu, OJIMK TakrKe ‘CABUraeTcd’, UTO I03BOJISET
HOJIYYUTH MH(MOPMAIINIO O CKPBIBAEMOM O0bEKTe Ha JPYIOM KaJpe BHIEOIOTOKA.
Cy1ecTByIOT TakK:Ke BarKHBII KJIacC 00BbEKTOB, JETEKTUPOBAHUE U pPaCIO3HABAHUE

KOTOPBIX HEBO3MOYKHO Ha OJIMHOYHBIX CHUMKaX — K IPUMeEPY, ToJiorpaduieckne vJie-
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MEHThI 3alUThI, KOTOPbIE Ha €JIMHUYHBIX U300ParKEHUAX MOI'YT ObITb HEOTJIMIUMbI
oT OJINKOB WJIN PHCYHKOB [215].

['1aBHBIM OT/IMYMEM BHJICOIIOTOKA KaK IUQPPOBOTO 00Opa3a paclo3HaBAEMOIO
o0beKTa siBJisieTcst TOT hakT, 4TO JIsI OJJHONO W TOI'O »Ke 00beKTa PaccMaTpu-
BaeTCs I0CJIEI0BATEILHOCTh HAOJIOAEHN, KOTOPbIE OTINYAIOTCI MEXK/y CODOil.
PaccMoTpuM NMPUYUHBI, 110 KOTOPBIM PE3YJIbTaT pPaclo3HaBaHUA O0bEKTa MOXKET
OBITH OIINOOYHBIM, UCXOJ/A U3 IPEJIOJIOKEHNs, IYTO CUCTeMa JIeiCTBYeT BCerja, Jie-
TEePMUHUPOBAHO, T.e. B JIIOOOI MOMEHT BpeMEHU U IIPH JIIOObIX BHEIIHUX YCJIOBUIX
pe3y/IbTaThl PACIIO3HABAHUS OJIHOIO U TOTO K€ Habopa BXOJHBIX JIAHHBIX BCEIJIa,
coBlagaior. TakuMm oOpa3oM Jirodasi OMMOKa sIBJISIETCs CJI€JICTBHEM HECIIOCOOHOCTU
CUCTEMBI Pa3JITIUTh 00BEKT TOIO WU NHOTO Kjacca. OmudKN pacio3HaBaHII MOYK-
HO YCJIOBHO Pa3JIe/InTh Ha, TPHU TPYIIILL:

1. Omubku, oOyC/I0B/IEHHBIE HECOBEPIIEHCTBOM aJIlOPUTMa PACIIO3HABAHMUSI,

T.€. OIIMOKU, sIBJIAIONINECS “BHYTPEHHUMU € TOYKH 3PEHUsI CUCTEMBI PACIIO-
3HaBaHUsi OOBEKTOB U KOTOPbIE MOT'YT INPOSIBIATHCS JayKe IIPH 1JIea bHOM
GYHKIMOHUPOBAHUN JPYTUX HojcucTeM. JJaHHBI Kirace OMIMOOK SIBJISIETCsI
6e3yCJIOBHBIM aTpUOYyTOM JII000I CUCTEMBI pacIO3HABAHUS, BHE 3aBUCHMO-
CTU OT MOJIEJIM BXOJIA.

2. Ommbku, obycJioByieHHbIe JedeKTamu HajcucTembl. CucremMa pacrio3HaBa-
HUS OJIMHOYHOI'O M300PaKeHUsI, KakK IPAaBUJIO, SIBJIAETCS OJIHON W3 IOJ-
CHCTEM HEKOTOPOI'o KOMILJIEKCa, U H300parkKeHus, I0J[aBaeMble Ha, BXO/I
cucTeMe paclo3HaBaHus (POPMUPYIOTCA B pe3ysbTaTe JAeficTBUsT JIPYTIUX
nojcucreM (cMm. puc. 3.2). Kak ciejcrBue, MOTYT BO3SHUKHYTH OIMHMOKH,
CBsI3aHHBIC C HECOBEPIIEHCTBOM IIPEJIIECTBYIONINX IojcucTeM. K mpume-
py, IyCTh B pe3yJibTare pa30ueHuns mn300parkeHusi TEKCTOBOI CTPOKH Ha
N300parkeHMs OT/IeIbHBIX CHMBOJIOB ObLIa, JIOMYIIEHA ONTHOKA, B CJICICTBUN
KOTOPOI 110JI0YKEHIE [IPABOIi I'PAHUIILI N300pasKeHUsl JJATHHCKON OyKBbI «P»
ObLIO HaliJIeHO HEKOPPEKTHO, B pe3y/bTaTe 4ero Ha M300pazKeHnu OYyKBbI
ObliIa, yTepsiHa IMepeMbluKa MEXKJIY JABYMs TOPU30HTAJIBHBIME IITPUXAMHU.
z300parkenue, 1MoJlydeHHOE B PE3yJIbTaTe, ¢ TOUKN 3PEHUs] CUCTEeMbI PaCIIo-
3HABAHUSI OJUHOYHOIO CHMBOJIA, MOYKET OBbITh HEOTJMUUMO OT JIATUHCKOI
OYKBBI «F».

3. Omubku, oOycJOBJIEHHBIE MIYMOM Cpejbl. BO3HMKAIOT Takue OINOKU B

caydae, eCJau B YCJIOBUSIX BHEINIHEHl cpelibl, B KOTOPOIl HaXOIUTCS pac-

II03HaBaeMblii 00BEKT, €ro n300parkKeHue CTAHOBUTCA HEOTJIMIUMBIM OT
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n300parkKeHns 00beKTa JIPYroro KJjacca. K npumepy, HpeirnooxKIM, 4TO
IPOU3BOAUTCS CheMKa (ororpadun JOKYMEHTa, YIO0CTOBEPSIOIIEro JInd-
HOCTDL, cojep:xKariero mojse <«Ms» ¢ ucTuHHBIM 3HadeHueM <«HANNA».
Hannoe 1oJie HauepTaHo Ha OejioM (poHE U JIOKYMEHT ITOKPBIT 3all[UTHOI
IJISTHIIEBOI ITOBEPXHOCTHIO. B MOMEHT CbheMKH Ha JOKYMEHTE IIPOSIBUJICS
OJINK OT BHEITHEI'o MCTOYHUKA CBETA, MOJIHOCTHIO 3aKpbIBIIIil OyKBY «H»
1 OCTaBUBIINI N300parkeHus OCTAJIbHBIX OYKB Hem3MeHHbIME. Takum obpa-
30M, U300pazKeHnst JAHHOTO T0JIsd Oy/IeT HEOTJNINMO OT N300pazkKeHue moJis

«ANNA» Ha aHaJIOTMYHOM JIOKYMEHTE.

oA TTRn

Pucynoxk 3.2 — IIpumep ommbO4YHOIl cerMeHTal TeKCTOBOI CTPOKU Ha OTJIe/IbHbIE

CUMBOJIbBI B YCJIOBUAX Pa3MbITOCTU I/I306pa}KeHI/IH n rHe(beKTOB7 CBA3aHHDbIX C 3allllT-

HBbIM FOJIOFpa(bI/ILIeCKI/IM CJIOEM HOKYMECHTa.

ITo oTHOIIEHNIO K CUCTeMe pacIiO3HaBaHUsI OJMHOYHOIO H300PazKeHusl OMNOKH,
CBsI3aHHBIE C MIYMOM Cpejbl JuOO0 ¢ JledpeKTaMu HaJICUCTEMBbI, sIBJIAIOTCS CJIC/ICTBU-
eM HCKaykKeHHs BXOJHOro nsobpazkenusi. O0Jaiast BO3MOKHOCTBHIO HCIOJIH30BaTh
HECKOJIBKO HaOJIIOJCHUN 00beKTa MOYKHO OXKHUJATh, UTO BJIMSIHUE IIIyMa CPEIbl 1
JlepeKTOB HaJCUCTEeMbl Ha 3TU HabJitojieHnd OyayT pas3iandHbl. OJHAKO Jazke Ipu
pUKCUPOBAHUN CUCTEMbI pacIiO3HaBaHUsl OJMHOYHOIO O0bEKTa, BHE 3aBUCHMOCTHU
oT JepeKTOB HaJICUCTEMbI, OCTAIOTCS ONINOKM, OOYCJOBJICHHBIE HECOBEPIIEHCTBOM
Mojien Kjaccudpukarnuu. [laxke nambosiee 3pdekTUBHbIE METOJIBI paclo3HaBaHUA
n300parkeHmil, KOTophle B Psijie OTAEIbHBIX 38124 JeMOHCTPUPYIOT PE3YIbTATHI, CIIO-
COOHBbIE KOHKYPHUPOBATH ¢ 4desioBeKoM [216—218|, TeM He MeHee, MOTYT TTOKA3bIBATH
HEYCTOWYMBBIN PE3yJIbTAT NPU MUHUMAJIbHBIX U3MEHEHUSIX BXOJIHOI'O M300PayKeHMUst
[219; 220], make ecam 9TH M3MEHEHUsT KACATNCH BCETO JIMIIb OHOTO MHKcead [221].
Tak, jake ncrosb3ys Hanbojiee TOUYHBIN METOJ] paclio3HaBaHust, HO obJiajasi eJInH-
CTBEHHBIM BXOJIHBIM M300parkKeHneM 00beKTa, MOXKeT ObITh HEBO3MOXKHO OTJIEJUTD
IIOJIE3HBIIl CUTHAJI OT IIIyMa, BJIUSIHHE KOTOPOTO MOXKET Kap IMHAJIbHBIM 00Pa30M
IIOMEHSITH pe3y/braTr. PaccmarpuBasi B KadecTBe HUMPOBOTo odpasa 00bEKTa He
OJINHOYHOE 1300parkeHne, a BIIEOIIOTOK, IOSIBJIAETCA BO3MOXKHOCTb YMEHbBIITUTD BJIN-

dHIe OIINOOK 34 CUeT BapHuaTUBHOCTU IIyMa IIPUMCHHUTE/JIBHO K OTAEJ/IbHBIM KaJdpaM
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BIJICOIIOTOKA, KOTOPOIl He 00J1aJIal0T KJIACCUYEeCKNe CUCTEMbl PACIIO3HABAHUS 00b-
€KTOB.

OJHUM U3 METOJIOB, IO3BOJISIIONINX [IPOU3BOAUTEL aHAJIM3 MHOXKECTBa M300pa-
JKEeHUI OJHON 1 TOil »Ke CIEHBI C IeJIbI0 YMEHBIINThL BJIUSHUE IIyMa ONTHYECKOM
CUCTEMBI U J1ePEKTOB, CBSI3aHHBIX C HEKOHTPOJIMPYEMBIMU YCJIOBUSAME ChEeMKAMI,
SIBJISIETCSI TEXHUKA “‘Cylep-pa3penieHnsi’ — MPoIece MoJIydYeHusT N300PparKeHnsl BbICO-
KOI'0 pas3pelleHns 13 HECKOJbKUX N300parkKeHuil Toro »Ke o0bekTa ¢ 0oJjiee HU3KUM
pasperienneM. JaHHoil 3a1ade yae/s1710Ch O0JIbIIIOe BHIMAHIE B JINTEPATYPE U IIPe/I-
JIOZKEHO OOJIBITIOE KOJIMYECTBO TOJIX0J/I0B, TPUHUMAIOIINX BO BHUMAaHUE CHEIUMUKY
dunaabHON 3aaun 00pabOTKN M300parKeHns U PaCIo3HABAHUA O0bEKTa HJIH ClIe-
ubl [222]. OiHaKO KakK ObLIO OTMEYEHO paHee, JajbHeiias 00paboTKa MOy IeHHOIO
eJINHOIO M300parkeHnsl 00beKTa OCTAETCsI 10BEPyKEHHOI OINOKAM aJI'OPUTMa Pac-
[IO3HABAaHUs, B YACTHOCTHU, HEYCTONYNBOCTU CBEPTOYHBIX HEPOHHBIX CETEIl.

Paccmarpubast paciio3HaBaiusi 00beKTa Ha, OJIMHOYHOM H300parkKeHuu, B PaM-
Kax TPaJIUIIOHHBIX CUCTEM PACIIO3HABAHUSI MOYKHO BBIJIEINTH JIBe OCHOBHBIE 331241
— HEMoCpeICTBEHHO 3a/1a4y Kaaccudukanum oopasa 06bekTa (T.e. OlpeieeHue Ipu-
HaJIJIEXKHOCTH K OJTHOMY KJIaCCy W3 3apaHee 3aJ[aHHOTO HAbOpa) ¥ OIpejesieHie
HaJIe2KHOCTH paCIo3HaBaHUsI (T.e. ONpeJie/ieHne CTEeleHN YBEePEHHOCTH CHCTEMbI B
cOOCTBEHHOM OTBeTEe C IPUHSITHEM pelieHust 00 0TKase, ecjiu B ajdaBuTe Kjaaccudu-
KAIUI HET CIEIUATBHOrO “MyCTOr0” KJIacca).

[IpumMeHnTeILHO 2Ke K CUCTEeMe paclio3HaBaHusi 00beKTa B BUJICOIIOTOKE BO3HM-
KaeT psiji HOBBIX 3a/1a4, B 9HCJIe KOTOPBIX MOYKHO BBIJICJIHUTD CJI€/TyIOIIHe:

1. 3amada mpeaBapuTEIbLHON OIEHKH U BBHIOOpPA KaJPOB JIJIsI paclio3HaBa-

HUsI — ITOCKOJIBKY B KadecTBe rpadrUecKoro MpeicTaB/IeHs 1300 paskKeHnst
paccMaTpuBaeTcs He eJMHCTBeHHOe M300parkKeHus, a I10C/Ie10BaTe/IbHOCTD,
BO3HHMKAET HEOOXOJMMOCTH ONPEAE/IATh MPUTOJHOCTL OTJEIbHBIX KaJpOB
JIIsT PACIIO3HABAHUS TIePeJ] €ro HeIIOCPEJICTBEHHBIM 3allyCKOM;

2. 3ajada MeXKKaJpPOBOrO KOMOMHUPOBAHUS W UHME2PAUUL — UMes Pelle-
HUe 3aJ1a9l KjaaccuuKalu o0beKTa, BXOAOM K KOTOPOI SIBJISETCS OJTHO
n300pazkeHne IeJIeBoro 00beKTa, BOBHUKAET 3a/iada aKKyMyJIMPOBaTh €JI1-
HBIIl pe3yjbTar KjiaaccuuKalul JIjIg MHOXKeCTBa M300parkeHuil 0JHOro u
TOI'O K€ 00'bEKTa, Pe3yJIbTAThl OJMHOYHON KIacCUPUKAIIIT KOTOPOI'o, BOOO-
I1le TOBOPSI, MOI'YT OBITH IPOTUBOPEUNBHI;

3. Bajaua IPUHSITHST pelieHnsT 00 OCTAHOBKE IIPOIEcca PacIio3HABAHUS — I10-

CKOJIbKY IPOIECC paclio3HaBaHUsl B BHJICOIIOTOKE, BOOOIIE T'OBOPSI, MOYKET
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ObITh HE OI'PAHMYEH BO BPEMEHH, BO3HHMKAET HEOOXOJIMMOCTh IIPUHUMATH

Ha YPOBHE CHUCTEMbl pacClO3HaBaHUSl PeEIIeHne O TOM, YTO 3aXBaT HOBBIX

n300parkeHnil 00beKTa CJICAYIOET MPEKPATUTh W HPUHATH TEKYIINl aKKYy-
MYJIMPOBaHHBIIT pe3yJbTaT paclio3HaBaHUs 3a OKOHYATE bHbIII.

B nanHoM pa3zjiesie OyaeT onucaHa MOJEIb CUCTEMbl PACIIO3HABAHUS B BUJIEO0-

IOTOKE U OYyJIyT IpejcTaBjieHbl (popMaJsibHbIe TOCTAHOBKU HOBBIX 3aJlad, KOTOPbIE

BOBHUKAIOT B II0JIOOHOIO poOjia CUCTEMAaX.

3.2.2 OmnwucaHue cUCTeMbl PacCIIO3HaBaHU A 00BEKTOB B BN EO0IIOTOKEe

PaccmoTpuM 1poriece paciio3zHaBatnsi 00beKTa T Ha ITOCIe0BaTE/IbHOCTH Kal-
poB Bujeonoroka. Ilycrs 3agano muoxkectBo KiaccoB C' = {ci,¢o,...,cp}. B
caydae paclioO3HaBaHUsl TEKCTOBOI'O CHUMBOJIA, MHOXKECTBOM KJIACCOB MOYKET BBICTY-
naTh Kakoii-mmbo (gpukcupoBanublil agdasut. IIpu paccMoTpenn 3aaqu THIIA3AIIN
CTPAHUIILI JOKYMEHTa Ha W300parKeHUH I0C/Ie JIOKAJIU3allud ee TPaHUI] U ITPOeK-
TUBHOI'O HMCIIPABJIEHUs, MHOXKECTBOM KJIACCOB MOKET BBICTYIATH KOJLICKIIUsS THUIIOB
CTpaHUI] JIOKYMEHTOB, JOCTYIIHBIX JIId JaJibHefimeit odpaborku. OTienbHO clie-
JlyeT YIOMAHYTb, UTO HWHOTJIa B 3ajladaxX paclio3HaBaHUsi OOBEKTOB W sIBJICHUIL
JIOIIyCKAeTCsd Ha/M4Ke “TycTOro KJjacca', KOTOPBI JTO2KeH ObITh OTBETOM CHCTEMBbI
pacIio3HaBaHusI Ha BXOJIHOE N300pazkeHne o0beKTa, 0 KOTOPOM CHUCTeMe He M3BECTHO,
b0 Ha m300parkeHne, KOTOPOe He COJAEPXKUT O0bEeKTa.

[Tycre 3aan0 n30bpazkerue obbekTa [ () U3 HEKOTOPOTO MHOXKECTBa BCEBO3-
MOYKHBIX m300pakennii I 1 B paMKax MOJIe/In B3aMO/IefICTBUsI CUCTEMbI PaCIiO3HaBa~
HIUsI C HAJICHCTEMON IJIH ¢ MOJIb30BaTeeM (omepaTopom) cyiectByer Kiace ¢ € C),
K KOTOPOMY TPHHA/JIEKUT 0ObEKT & (MCTUHHBIA KJIACC). 3aJady paclo3HABAHUST
n300parkKeHns OJIMHOYHOI0 00bEKTa MOXKHO PacCMaTpUBaTh Kak 3a/1a41y Kaaccupuka-
IUU — T.e. ONpPEJIeJICHUsT UCTHHHOIO KJjacca. Pe3ynbraToM padboThl KaaccupuKaTopa,
B 00IIEM BHJI€ MOYKHO CUUTAThL BCIOJY OIpEJIeJIeHHOEe OTOOparkKeHne 13 MHOYKECTBa,
kiaccoB C' B MHOXKeCTBO oreHoK npunajiexknoctu: r(I(x)) : C — R. YunreiBas,

YTO MHOXKeCTBO KuiaccoB C' comep:Kut poBHO M 3/1eMEHTOB:

7“([(517)) = {(Cla Q1)7 (027 QQ)7 ) (CM7 QM)} ) (31)



133

rie ¢; € R, i€ {l,..., M} — BemecTBeHHbIe ONEHKH TPUHAJJIEKHOCTH 00beKTa T
K KyaccaM ¢; € C' pu ycjaoBun, 9To HabJonaeTcs n3obpazkenne oobekta I ().

B kadecTBe OKOHUYATEIHLHOIO pelIeHUsT KJacCuUKAINN TPHHIMAETCs KJIacc,
COOTBETCTBYIINI MaKCUMaJILHON OleHKe MPUHA/ICKHOCTU. Takum obpaszoMm, ¢ TOY-
KU 3PEeHNs CUCTEMbI PACIIO3HABAHIS TOCTAHOBKOMN 3a/1a91 KJIaCCU(DUKAIIN STBJISIETCS
nonck Kiaaccuduxaropa r : I — R 13 MHOMkKecTBa BCEBO3MOMKHBIX KJIACCH(MDUKATO-
pOB (/1K TOUCK HAOOPa MapaMeTpoB M3 MHOKECTBA [1apaMeTPOB KJIaCCH(PUKATOPOB
KAKOT'O-TO OIPEJICIEHHOIO BUJIA), KOTOPbIHi Obl MUHUMI3NPOBAJ OIMNOKY KJIACCH-
dbukamuu (HecoorsercTBEe Kiacca argmax..,r(I(z)) umerunnomy Kimaccy cf) u
KOTOPBIi He 3aBuces ObI OT caMOT0 UCTUHHOIO KJjacca .

PaccmoTpuM  Terepb 3ajady paclo3HaBaHus O0bEeKTa T B BUJIEONOTOKE.
McToaHIKOM BI/IEOMTOTOKA, SIBJIETCS HEKOTOPOE 3aXBaThIBalOIee YCTPOHCTBO, Mpe/1o-
CTABJIAIONIEe TOCJIeI0BATEIbHOCTD pas3indibiX Kajapos I1(x), Ir(x), Is(z), ..., I,(x),
rie VE € {1,2,...,n} : Ix(xr) € I, xaxJplii U3 KOTOPHIX $BJSETCS U300pa-
KeHneM obbekTa x. Pacemorpum kiaccudukarop (cemeiicTBO KiaccupuKaTopos)
R™ . T — RY, craBsmmii B COOTBETCTBHE [OCIIEI0BATEILHOCTH H300PAXKe Nl /-
HbI 1 OTOOparkeHue W3 MHOXKECTBa KJIACCOB B OIEHKH MPUHAICKHOCTH. Takum
obpa3oM MOKHO (hopMaJIN30BaTh 3a/1ady KJiaccudukalun o0beKTa T Ha I0CJIe10-
BATEJILHOCTH U300PayKeHNil KaK MOUCK KjaccudukaTopa (ecjm mocje0BaTeIbHOCT
nveer (UKCHPOBAHHYIO JUINHY) WJIH ceMeficTBa KJIacCHDUKATOPOB (ecsm mocie-
JOBATEILHOCTh M300paKeHN{T MOYKET WMEeTh DPa3/JUdHyI0 JJINHY), KOTOPBId Obl
MUHAMI3UPOBAJ OIMNOKY KJIacCUPUKAIINI B TOM YK€ CMBIC/Ie, KAK U B UCXOJHOI
3aJiade KJaccuuKalul OJMHOYHOIO H300ParKeHus.

Cutejtyer 0OpaTuTh BHUMAaHHUE, YTO TPHU IMOKUCKE ceMeiicTBa KIacCuPUKATOPOB
BOBHIKAET TAKKe U HeOOXOIMMOCTD ompeaesnTs Kiaccudukarop R : I1 — RE,
HPUHUMAIOIII Ha BXOJ, [OCJIEI0BATEILHOCTD M300parKeHnit JIUHbBI 1, IOCTaHOBKA,
3a/1a4N JIJIs1 KOTOPOT'O COBITIAeT ¢ MMOCTAHOBKOI 3a/1aun KJ1acCuUKaIuN Ha OIMTHOY-
HOM m300pakennu. B ¢Ba3W ¢ 9TUM BO3HUKAET €CTECTBEHHBIN BOIMPOC — MOCKOJIBKY
pelenne 3aa9u KIacCu(UKAIMN OMHOTHOIO M300pazKeHusi (T.e. TOUCKA KJIACCU-
dbukaTopa r) nmorpedyercss B JI060M CIyUae, MOXKHO JIH BBIPA3UTh BCE CEMEHCTBO
KJaccudukaTopos R, perraioiiee 3ajady Kiaccuukainum oO0beKTa B BUJIEOIIO-
cJIe10BaTe/IbHOCTH, depe3 OJMHOYHBIN Kiaccudukarop 7?7 BblpasuTh cemeiicTBO
KJIACCH(PUKATOPOB BUJIEOIIOCIE/I0BATEIbHOCTH R uMesi KJiaccupuKaTop n3o0pazke-

HUS ' MOYKHO, IIOCTaBHUB JIB€ JIONOJIHUTE/IbHbIE 3aJa9i: BLIOOD M300pasKeHWil J1Is
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KjaccuuKanyy 1 KOMOMHIPOBAHIE PE3Y/ILTATOB PACIO3HABAHUS OJMHOUYHBIX 1300-
parKeHuii.

Bagaanm bynxmuio seibopa S ;28 — 21 VX 1 §(X) C X, crasautyio B co-
OTBETCTBHE II0CJIE/I0BATEJILHOCTH N300PasKeHNil ee MOMHOKECTBO, KK bl 3JIeMeHT
KOTOPOro Oyaer KaaccupUIUpoOBATLCA OJMHOYHLIM KJIACCU(DUKATOPOM H300paske-
nuit. Takeke zagaaum ynximio (cemeiicto dynxiumii) FM) (Rc)n — R,
KOTOpasi CTABUT MHOYKECTBY DPE3Y/ILTATOB KjacCUPUKAIUKE 00beKTa eIMHbIH aKKy-
MYJIUPOBAHHBIN pe3yabrar Kiaaccudukaimu. Temepb ceMeiicTBo KiaaccuduKaTopos

MI0CJIe/I0BATETHLHOCTI N300payKeHNii MOXKHO BBIPA3UTH CJIETYIONUM 0OPa30M:
R™(I(x), Iy(x), ..., Io(x)) & FO™ ({r(I) | T € S{Li(2), ..., L(x)})}), (3.2)

rae m = Card(S({[1(x),...,I,(x)})), Tem cambIM €BOJA 3a/ady KIacCHbUKAIAT
110CJIe/IOBATEIbHOCT M300parkeHuil K KjaaccuuKal OJMHOIHBIX M300parKeHui
(13 BBIOpAHHBIX [PU MOMOIIH (DYHKIMH BbIOOpaA S) U KOMOMHUDOBAHUS PE3Y/IbTa-
TOB KJIaccubUKALNN Ipu momon (yHKuit Kombumnuposamms F .

OjiHako mpejcTaB/eHne BIIEOIOTOKA KaK 3apaHee 3aJIaHHON 110C/Ie/10BaTe b
HOCTHU 1300parKeHuit 00'beKkTa He B IIOJIHOI Mepe oTpazKaeT ClieHapuil paciio3HaBaHUI
00beKTa B peaJibHOM BpeMeH! (K MpuMepy, paclo3HaBaHne o0beKTa MpH ITOMOIIH
MOOUJILHOTO YCTPOHCTBA ), TIOCKOJIBKY TaKasi MOJIE/b MPEJojiaraeT B KauecTBe BXO-
Jla JINIIb MHOYKECTBO KaJIPOB U HE IpeJIojaracT N3MEHEHIsT COCTOSTHUS CHCTEMbI B
nporecce ¢hbeMku. [l Toro, 9Tobnl H60J16€ TOYHO COOTBETCTBOBATHL ITPOIECCY Pac-
[O03HABaHNA 00bEKTa B BHIEOIMOTOKE MOOMJIHLHOIO YCTPONRCTBA PACCMOTPUM IIPOIIECC
ChEeMKHN M300parkeHnii 00beKTa & ¢ JIMCKPEeTHBIM BpeMeneM. [IpegcraBum Bujieomo-
TOK KaK MeHePHUPYIONLYIOCA BO BPEMEHU TIOCIeI0BATETLHOCTE N300pazkeHnit 00beKTa,
x: 33713 1uM Jiuckpetnoe Bpemsa t = 0, 1,2, ... 1 BUJIEOTIOTOK, cojieprKaliuil n3o0pazke-
Hust Habsoaemoro oobekta Ii(x) € 1. TlomobHast uckpeTHasi MOJIe/Ib BUJIEOIIOTOKA,
XOTb U SIBJISIETCS YIIPOIEHHO, COOTBETCTBYET IIPUHITUIIAM [TPEJICTABICHUST KOJIIPO-
BaHHOI'O BUJICOIIOTOKA B IPOIPAMMHBIX CHCTeMaX 00pabOTKU BHJIEO.

st ompeniesiennsi cucTeMbl pacrio3HaBaHusg 00BLEKTa B BUJIEOTOTOKE, KOTO-
pBIil TeHepupyeTcss HE3aBUCUMO, HEOOXOIMMO OIPEIE/IUTh MOJEIb OOCTyKIUBAHUS,
KOTOpasi Obl sIBJIAJIaCh TPOMEXKYTOUHBIM CJIOEM MEK/Iy BHUJICOMIOTOKOM U HEIo-
CPEJICTBEHHBIM ITOTOKOM 00pabaThIBAEMbBIX CUCTEMOIl pacrio3HaBaHUs N300PayKeHMil.
Hanbosiee TpuBmaibHON sIBJIsSIETCs cXeMa OOC/IYKUBAaHUA, IIPU KOTOPOH H300parke-

HUsI, TeHepUpPyeMble BO BpeMsi 00pabOTKU CUCTEMON paclio3HaBaHUs IPEJIbILYTIX
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n300pakeHus, copacbiBaloTcs. B cirydae, ec/in BO3MOXKHO XpaHeHNe KOJIJIEKIINI 1300~
parkKeHnil aJibTepHATUBHOI MOJIE/IBbI0 SBJISIeTCsl cxeMa 00C/Iy:KUBaHus ¢ OydepoM,
MO3BOJISIONIUM HAKAIIMBATEL BXOJAIINE WU300parKeHUs U BbIJABATHL WX 110 3aIPO-
CYy CHCTEMBbI B IPOU3BOJILHBIII MOMEHT BpeMeHu, 0e3 orpaHuveHuil, CBI3aHHBIX C
JICKpeTn3alyeil rereparun n3obpazkeHuil ncrounnkoMm. C TOUKM 3peHUsT Helo-
CPeJICTBEHHO CHCTEMBl PACIO3HABAHUSI ITOCJIEI0BATEILHOCTH M300parkeHmnit Habop
METOJIOB 1 aJIFOPUTMOB PACIIO3HABAHUSI U MHTETPAINN PE3Y/IbTATOB HE 3aBUCAT OT
cXeMbl OOC/Ty?KIUBAHUS, [TO3TOMY B JaJIbHEHIIeM OyIeT IpearnoiaraTbCs TPUBUAIb-
Hasl cXeMa CcO cOpachbIBaAHHEM M300parKeHUi B IIePUOJIbl 3arPy3KU CHCTEMbI.

[lycTh cucrema pacriosHaBaHusl HOJIEPKUBACT HEKOTOPOE BHYTPEHHEE COCTO-
siHne Wy € (), u3Mensitoiieecss Bo Bpemenn. Bpemst A\;, HeoOxoiuMoe JIJIsT 0Ty IeHUsT
OOHOBJIEHHOTO pe3ysibraTa IOCIe BBOJa odepeHoro obpasa [i(x), B obrmem ciy-
qae, siBJIsieTcst PyHKIMel 0T m300paKeHnsl 1 OT BHYTPEHHEIO COCTOSIHUSI CHCTEMBI:
Ay = A(L(z), wy). Obparum BHUMaHEE, 9TO 3HaUeHHE A; MOXKET OBITH HEBBIUHC-
JINMO B MOMEHT BpemeHu t. Pesysibrar pacrio3HaBaHust 00beKTa T, yIUTbIBAIOIHIT
UHQOPMAIIIIO, COJEPIKAIYIOCT B M300parkKeHnn, KOTOpoe ObLIO 3aXBaY€HO B MOMEHT
BpeMeHH ¢, MOYKeT ObITh JIOCTYIIEH TOJIBKO B MOMeHT BpeMenn 1'(t) =t + Ay.

B navasbHbIiT MOMeHT BpemeHn t = () MHUIINAIN3UPOBAHO BHYTPEHHEE COCTOSI-
HIE CHCTeMbI Wg. B KaxKblii MOMEHT BpeMeHH t IPOMCXOIUT 3aXBaT N300ParKeHmsT
I;(x). B ciyuae, eciii cucrema mpe/IoiaraeT CHHXPOHHY0 00pabOTKY H300pazkeHuil,
TO B MOMEHT 3axBaTa u300pazkenust [;() MOMXKET MPOUCXOAUT 06paboTKa JPYroro
n300pazkenus. AHAINTHYECKN TaKoe ycaoBue MOKHO 3anncarb Kak t < T'(tppey),
rJe tprey — BpPeMs 3axBaTa I10C/IEJHEro U300pazkKeHus, HOCTYIIUBIIEro B 00pabOTKY.
O/ 1HaKO, TOCKOJIBKY 9TO YCIOBHE MOYKET OBITH HEBBIUMCINMO B MOMEHT BPEMeHH t,
JUUTST TieJIeli ONMCAHMS MOJIEN MOYKHO CUNTATh, YTO BHYTPEHHEE COCTOSHIE CHCTEMBI
W XpaHUT NHAPOPMAIIIIO O TOM, HAXOJIUTCS JIM KAKOe-Tnbo n300parkeHne B 00padoT-
Ke B MOMEHT BpemeHu t. Ecim B MoMeHT ¢ cucrema yxke oOpabdaTbiBaeT Kakoe-J1mudo
n306pakeHne, To BHOBb TOJIydeHHO m300paxkenue [(x) cOpacbiBaercs (B paMkax
TPUBUAJILHOI CXeMbl 00C/IyKIBaHus). B npoTuBHOM citydae, n3obpazkenue I;(x) mo-
crymnaer B 00paboTKy (B CIydae cxeMbl pacrosHaBaHus (3.2) — MOCTyIaeT Ha BXO/
KJ1acCH(DUKATOPY OJMHOYHBIX n300pazkenuii 7). Pesynbrarsl 06paboTKN n300paske-
HUST CTAHOBSITCS JIOCTYITHBIMU JIJIsE BBIBOJIa B MOMeHT Bpemenu 1'(t).

Takum obpasom, B momentbl Bpemenu ¢ € {0,1,...,7(0) — 1} pesyiabrar
paciio3HaBaHus 00bEKTa He OIIPEeJie/ieH, a Pe3y/IbTaT paclio3HaBaHUsI, KOTOPBIH ObI

YVIUTBIBAJT HHPOPMAIHAIO, KOTOPAst COJEPYKUTCA B M PA3JIMIHBIX (TI0C/IEI0BATEIHHO
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3axXBaueHHBIX) M300pazKeHUsIX, MOYKET OBbITh MOJIyYeH TOJBKO B MOMEHT BDEMEHH
T7(0). [Tpu sTOM HHJIEKCHI U300paYKEHNUT, TOCTYTAIONIX B 00pabOTKY, PABHbI, COOT-
sercrsenno, 0, 71(0), T%(0),..., 7" 1(0), rae noa HAACTPOYHBIM 3HAKOM (DYHKIUH
T(t) nompasymeBaeTcsi He BO3BEJICHIE B CTEIE€Hb, & MHOKECTBEHHAsT KOMITO3HITHS

dyukmuu. [Ipumep onmcanHo cxeMbl IpejicTaBjIeH Ha puc. 3.3.

< Cbpoc P
N300paxxeHuns I,x)
[MpocmoTp cocTosHNA
t 3axsaTt W, : HaxoanTCcs N B o6paboTke
kakoe-nmbo
M3O6pa>KeHMﬂ n3obpaxeHne?
FO 11,60, L), oo, LX) })
argmax [€ o 100) L
B MOMeHT BpemeHu T1(1) )

KoMOG1HMpOBaHME HAKOMMEHHbIX
pe3ynbLTaToB pacno3HaBaHus
OOMHOYHBIX N306paxxeHni

N (1) J

Cuctema 3axBata nsobpaxeHuin n pacno3HaBaHus
obbekTa B BUOEONOTOKE

Knaccudpukauyms
n3obpaxxeHns I,(x)

Pesynesrat knaccudukaumm

<

Pucynok 3.3 — Ilpumep cxeMbl cuCTeMbl paclio3HaBaHUs OObEKTa B BHUJEOIO-
TOKe C TPUBUAJILHON MOJE/IbI0 00C/Iy:KUBaHUsI, Ipeodpasyrolleil BUIEOINOTOK B
IIOCJIEIOBATEILHOCTH 00padaThIBaeMbIX N300parkKeHNIT 1 CO CXeMOil K1accuduKaTopa

nocJieioBaTebHocTH (3.2).

ITo cpaBHEHMIO ¢ KJIACCUYECKUME CHCTEMAMH PACIIO3HABAHUSI, OINCAHHAS CIH-
creMa 00JIaJIaeT PSJIOM CIenudpuIecKnX CBOHCTB. B mepByio ouepe/ib HEOOXOINMO
OTMETHUTH YCHUJIEHHOE BJINAHHE ITPOU3BOUTEILHOCTHA aJrOPUTMOB paclioO3HaBaHUs
OJINHOYHOI'O N300parkeHusl Ha BbIXOJ, CUCTeMbI. JleficTBUTEeIbHO, yMEHbIIIeHIEe BpeMe-
U Ay, HEOOXOIUMOIO JIJIsi PACIIO3HABAHUS OJHOrO u300paykerust [;(x), mo3BoJseT
obpaborarh OoJjblllee KOJIMIECTBO MHMOPMaIUn 00 00beKTe T 3a OJHO U TO »Ke abd-
COJIIOTHOE BpeMsi (T.e. 3a OJIHO U TO YK€ BPeMsi ¢ TOUKH 3PEHUs MOJIb30BATE/s NN
oriepatopa). [ToMrumo 9T0r0, TPUMEHUTETHHO K TAKOW CHCTEME eCTECTBeHHBIM 00pa-

S0M BO3HUKacT HETHUIIMYHaA IJIgd TPAaIUIIMOHHBIX CUCTEM PacCIIO3HaBaHUM:A 00 BLEKTOB
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3aJlada — 3ajada OCTAHOBKHU IIpOTecca Paclio3HaBaHmsd. Takas 3ajgada 3aK/Ii0vaeT-
Csl B IPUHSITHU peIleHns B MOMeHT Bpemenu 1'(t) 0 TOM, 4TO BHOBb IOJIyYEHHbIIT
pesyiprar pacrnosnasanns R (Iy(x), Iy, Ir2(0)s - - - I())) MOZKHO cUMTATH OKOH-
JaTeJIbHBIM U ITUKJI 3aXBaTa M300pazkKeHnit MOXKHO ITpeKpaTuTh. [Ipn pacnosnaBanun
CJIOYKHBIX 00bEKTOB, KOTOPbIE COCTOSIT U3 MHOXKECTBA HE3aBUCUMO PaCIIO3HABAEMbIX
00BEKTOB, peleHre 00 OCTAHOBKE IIPOIECCa PACIO3HABaHUS OTJIETbHBIX O0BHEK-
TOB TakKrKe BJIMsieT Ha BpeMmsi A\;, HeoOXoJuMoe JjIsi paclO3HABaHUsI COCTaBHOIO
00beKTa, a 3HAYUT U Ha KOJUYECTBO MHQOpMAIU, 00padaTbiBaeMOil B paMKax 00-
mefi cucrembl. TakuMm o6pas3oM, 3aada OCTAHOBKH (TECHO CBsI3aHHas ¢ 3ajadeii
KJIACCU(DUKAIIN TTOCTE[0BATEIbHOCTH N300PasKeHHi) SBJISIETCST BAXKHBIM aCIIeKTOM
CUCTEMbBI pacIiO3HaBaHUsl B BUJIEOIIOTOKE, B OCOOEHHOCTH B PaMKax CHCTEM pacIio-
3HABAHMSI COCTABHBIX O0bEKTOB, TAKUX KaK TEKCTOBOE I10JIe UJIN JIOKYMEHT B IIEJIOM.
[IpaBuio ocraHOBKE B 00IIEM BHJIe MOXKHO (hOPMaJIbHO MPEJICTABUTD B BUJIE TIPEIH-
Kara, JIeficTByIOero Ha Bujeonocienoarebuoctu: P I* — {0,1}. Ucrurnocrs

penKaTa BJIedeT OCTAaHOBKY IIPOTIecca 3aXBaTa U PACIO3HABAHWS N300pazKeHuil:

1: pemenne 06 ocraHOBKE,

P{L(z), Is(x),..., I,(x)}) = (3.3)
0: mupojoJizkeHue paboThI.

Korga B paMkax 3ajadn paclo3HaBaHus O0O0beKTa B BUIEOIOCTIET0BATEIHHO-

CTHU, Jlayke He NMPUHUMas BO BHUMAHUE JIMHAMUYIECKYIO MOJIE/b CHCTEMbI PACIIO3HA~
BaHUsSI BO BDEMEHU, COBMECTHO C 3aja4eil MaKCUMU3AIIMI TOYHOCTH KJIaCCUPUKAIIIN
BCTaeT 3a/1aua MIHIMU3AIINNI BPEMEHN PACIIO3HABAHUSI, TO PEIIeHIe 3a/1a91 OCTAHOB-
KHI TAKKe MOZKET MPAMBIM 00pa30M UCIOJIb30BAThC JIJIsT YMEHbIIEHs abCOTI0THOTO
BpeMeHn paboThl. K mpuMepy, B paMKax cXeMbl KJaacCHu(UKAINT MHOXKECTBa, 1300-
paxkenuii (3.2), B cjaydae, ey ONPeJeJIeH MpeUKaT OCTAHOBKU P, MOJe/upyst
TOCJIEIOBATEIBHBIN TTpotiece 3axBara u3odpaxkenuit [1(x), Iy(z), ..., I,(x), mpuxo-

IUM K CIenyrolieil cxeMe KjacCupUKaIlim:

RO(Iy(2), (), ..., I(z)) &

dof <m>({7~(1)(1 e SUL(), ..., I(2)}),
k=min{i <n:PL(),.... L)) = 1}}), (3.4)

rie k — MUHUMaJIbHAS JJIMHa IpeduKca IMoC/IeI0BaTeILHOCT N300pasKeHuil, Ha KO-

Topoii cpabarbiBaer npeaukar ocranosku, a m = Card(S({[1(x), ..., I[x(x)})).
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3.2.3 IlocranoBku 3ajga4

dopman3yeM I[IPUBEJEHHbIE BBIIMIE 3aJaddl UCXOJAs W3 TOrO, YTO OCHOB-
HOW IeJIBIO CHCTEMbI paclo3HaBaHUs O0BHEKTOB (Ha OJMHOUHBIX WU300pAKEHUSIX
WIH B BHJIEONIOTOKE) SIBJISIETCS] MAKCUMU3AIUs TOYHOCTH paclo3HABaHUs (T.e.
MaKCUMU3AIN  JIOJU  KOPPEKTHBIX Kjaccudukaruit). [lpun perennu 3aja4u
pacro3HaBaHUsI OIMHOYHOTO M300parkeHnsl O0BLEKTa IOJIOXKHM, UTO 3aJaH Ha-
oop obwektoB X = {w1,%9,...,xx} wmommoctn K u HabOp wu300parKeHMil
Bs = {Li(xy,), Io(xy,), ..., Ig(xp,)} momuoctn H (rectoBbiit HAGOp), e b —
MHJEKC o0bekTa m3 MHOkecTBa X Jyist kaxgoro h € {1,2,... H} u xaxmoe
nzobpazkenne Ip,(xy,) € I apisiercss obpasom obbekTa T, € X. 3a/[aH0 MHOXKECTBO
kiaccoB C' = {ec1,¢9,...,cpy} n undopmanus o6 uIea bHON MPUHAIEKHOCTH
KaykJI0r0 00beKkTa K CcOoOTBeTcTBYyMOHmeMy Kjaccy ¢ : X — (. 3amady paciosHa-
BaHUsl O0ObEKTa Ha OJIMHOYHOM H300ParKeHUM MOXKHO CPOPMYINPOBATH KaK ITONCK

kiaccudukaropa ;I — R, MakcHUMU3HPYIONEro TOYHOCTD PACIO3HABAHMS:

1 (X v
Vi(Bs) = — Z [arg max r(I(xy,)) = " (z,)| | — max. (3.5)
h—1 1=1

Host dopManmsanum 3aadi PaCclo3HaBaHnus O0BEKTa B BHJICONOCTCIOBA-
TEJBHOCTH HEOOXOMMMO TaKzKe BBECTH TECTOBBII HAOOP IMOC/IEI0BATEIHLHOCTEIT
M300paskeHil: yCTh 3aaH0 MHOXKECTBO TOCJeI0BaTEeIbHOCTE  n306pazkeHuit
By, = {Ji(zp,), J2(xy,)s - - ., Jg(xp, )} smommoct H, tiae b, — uHjeke o0beKTa
3 muoxkecrsa X Jyig Kaxgoro h € {1,2,...,H} (Tak »Ke KaK U B TECTOBOM
Habope OJMHOYHBIX m300pakenuii By), a Jp(xp,) dBiseTcsa mocie 0BaTebHOCTHIO

u300pazkenuil oobekTa Ty, € X JJIMHDBL Ny

Jh(xbh) = {Ihl(xbh), Ihg(aﬁbh), . alhnh(xbh)} C I, (36)

B obmiem Bujie 3aj1a4uy paciio3HaBaHmisg 00beKTa Ha I0CJIeI0BaTeJIbHOCTH 1300~
paxKeHuit Terepb MOXKHO C¢(hpOPMYIIPOBATH KaK IIOUCK CeMelicTBa, KIacCuprKaTopoB

R™ - 1" — RY, koropble 66 MAKCHME3NPOBAIN TOTHOCTD PACIO3HABAHIISL:

1 [/ H
Vi (Bp) = I Z argﬂfrllax RO (Jy(2,)) = ¢ (2,)| | = max. (3.7)
h=1 =

B 0OoJjiee wactHOM cjIy4dae, TJ€ CXeMa pacCllIoO3HaBaHWA I10CJIE€I0BATC/JIbHOCTU

n300parkKeHuil MpejioJiaraeT BbIOOp M300parkeHuil mpu oMol (DyHKINKA BbIOOPA
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S 2l 2l kjaccudukanmm BLIG0pAHHBIX N306PAXKEHNUI IIPU HOMOIIN KJiaccuduKa-
topa r : I — RY u KoMOUHIpPOBaHHS PE3y/ILTATOB [P HOMOIIH ceMelicTBa DyHKIIi
kKombunnposanus F(™ - (RE)" — R (3.2), 3aaua dopMy/upyercs cxoKuM obpa-

30M Kak IOUCK cooTsercTByonmx dyuxiuit S u FM:

1 [.H
Vin(Bm) = — Z [argﬂfnaxF(mh)({r(])U e S(Jp(xp,))}) =" (xp,)| | — max,
h=1 =1 F®.5

(3.8)

rae my, = Card(S(Jy(zp,)))-
st popmanmsanuy 3a1a4n pacnosHaBaiusd 00beKTa B BUICOIIOC/IEI0BATE b
HOCTH B CXeMe C IIPEeJIMKATOPOM OCTaHOBKU (3.3) BBejeM ciiejytoline obo3Haue-
mug. Iyers J®)(z) — npeduke nocienosarenbuoctn nzobpazkenuii J(x) jumHbl
k < Card(J(z)). Oboznatum gepe3 np(J(x)) KoamIecTBo H300paykeHnii, KOTOPbIE
OyayT 06paboTaHbl CUCTEMOl paclo3HABAHU J0 cpabaTblBaHUs [IPABUIA OCTAHOB-

K1, OIIpeacJIECHHOI'O IIPEINKaTOM P:

np(J(z)) € min{k < Card(J(z)) : P(J®)(z)) = 1}. (3.9)

O6osnaunm takzke Kak J(z|P) npedukc mociesoBaTe bHOCTH H300paykeHui
J(z), mveromuit gy np(J(z)). C ydaeToMm mpasmia OCTAHOBKH, OCHOBAHHOTO Ha,
npejaukare P, npu obpaboTke BujeonociegoBareboctu J(x) Ha pacro3HaBaHUe
MOJIAIOTCS TOJIBKO U300pazkeHuss u3 tojnocyienoareabuoct J(x|P). s dbop-
MaJTM3aIuN 3a/[a9l OCTAHOBKM BOCIIOJIB3YEMCsl MOJIEIBIO B3AMMOJIEHCTBUS CUCTEMbI
paCIO3HABAHUS C I[10JIb30BATENEM, KOTOpas NCIIOJIb3YeTcs B 3a/adax OIpe/IesIeH s
JIOCTOBEPHOCTH pe3ysibTaTa pacino3HaBanus oobekTa [223; 224| u st onenkn s dex-
TUBHOCTH PAOOTBI CHCTEMbBI UCIIOJIb3YET (DYHKITMOHAJ, OMUCAHHBINA B 9KOHOMUYECKIX
tepmuHax. [lycTh w, — cromMocTh BBOJIA& KOPPEKTHOTO PE3Y/IbTaTa PACIO3HABAHUS
00BbeKTa, We — CTOMMOCTB BBOJIA OIIMOOYHOIO Pe3yJbTaTa, U Wy — CTOUMOCTD PacIo-
3HABAHUSI OJIHOIO M300parkeHnsi obbekTa. Torma obmas GpyHkiusa 3hpHEeKTUBHOCTN
CHCTEMBI PACIO3HABAHWUS C IIPABUJIOM OCTAHOBKH, ITOPOXKIAEMBIM IpennkaToM P,

MOZKET OBLITH 3alllCaHa B BHUJzIC cpe;LHeﬁ CTOUMOCTU pa6OTI)I CHUCTEMDbI:

W(Bpn) = we + (we — w,) - Vi ({JMP) ‘ I@) € Bm}) '

1 H
twy o > np(di(a,)) |, (3.10)
h=1
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rje V,, — TOYHOCTH paclo3HABAHSI BUIEOIIOC/Ie[0BaTe/IbHOCTel (3.7), BBIUUCIsIeMast
10 npedukcaM HOCIEI0BATEILHOCTEH, MOJIYyUeHHbIX I0CJIe IPUMEHEHUs [IpaBUIa,
OCTAHOBKH, OIPEJEJISIeMOro IIpeauKaroM P.

Bajlavya pacrosHaBaHus 00beKTa B BUJIEOIOCICOBATETLHOCTH B CXEMe C 0CTa-
HOBKOIl (K mpuMepy, B cxeme (3.4)) MozKeT ObITh pacCMOTPeHa Kak 3a/iada MUHUMI-
sarn obmero dynknnonata crommoctn (3.10).

B nocnemytonux pasjenax 0y/1yT paccMOTpPeHbl KOHKPeTHbIE TTPUMePBI 3a,1at
BLIOOpa M300parkeHuii I paclo3HaBanus, KOMOMHUPOBAHUS Pe3YJILTaTOB PACIO-
3HABAHUs OAMHOUYHBIX M300PAKCHUl U NPUHATUSI PelleHrs 00 OCTAHOBKe, U OyIyT
IPUBEJIEHDI CHOCOOBI MX PEIICHNsT NPUMEHUTEJIbHO K KOHKPETHLIM CHCTEMAaM pac-

IIO3HaBaHUA.

3.3 Bnibop KaapoB m KOMOMHUPOBaHUE PE3yJIbTAaTOB PACIIO3HABAHUSA

3.3.1 Bos3MoXKXHBIE TOAXO0Abl K KOMOMHUPOBAHUIO

Kaxk 6b110 or1caHo B IPEbIIYINeM pas/iesie, IpU PelieHnn 3a/1a91 Kaaccudu-
Kalliu 00beKTOB B BUJICOIIOTOKE BOBHUKAET 3a/a1da BbIOOPa MEeTOo 18 KOMOMHIPOBAHUSI
nH(OpPMAaINK, TIOJIYIEHHON ¢ Pa3/IMIHbIX KaJapoB. 110/1X0/1bl K KOMOMHAINN MEXKKa,I-
poBoiT nHMOPMALINT MOXKHO YCJIOBHO Pa3/IeJINTh Ha JIBE I'PYIIIIbL:

1. MeToJbl, OCHOBaHHbIE Ha KOMOMHUPOBAHUHU M300parkKeHuil, crapdiinne B Ka-
YecTBe 1EJIU MOJIyUYeHNe eIMHOr0 MPEJICTABICHUST 00bEeKTa ¢ 00/1ee BHICOKNUM
“KadecTBOM, UTO II03BOJINJIO ObI MCIIOJIL30BaTh KJIACCU(MUKATOD OINMHOTHO-
ro m300parkKeHusl U JJOCTUTHYTH 00J1ee BBICOKON 0XKIIaeMOil TOUHOCTH;

2. MEeTOJIbl, OCHOBaHHbIE Ha KOMOWHMPOBAHWUM PEe3YyJIbTATOB KJiacCUpUKAIIN
OJIMHOYHBIX HM300PaKeHuii.

K wmerosam 1epBoii TPyIIIBI MOYKHO OTHECTH METOJIbl BbIOOpa Haubosee
unhopMaTuBHOro Kajpa [178; 225, merojbl “‘cynep-paspelienust’; MOJIyYaOIIHe
n3o0pazkenue ¢ 06oJjiee BLICOKUM 3P DEKTUBHBIM pa3pelieHneM 13 HeCKOJIbKIX KaIPOB
|226; 227, MeTO/IbI CIIeyKeH ST 38 KOHKPETHBIMI 0O'bEKTAMU HA KA IPaxX BUIEOMOCIE0-
BATEJILHOCTH U KOMOUHIPOBAHNUST JIOKATBHBIX 00J1aCTei KOHKPETHBIX 00bEeKTOB [228],

a TaK>Ke MeTO/Ibl KOMIIeHCaIllil KOHKPETHBIX JIOKaJIbHBIX I/ICKa}I{eHI/Ifl, TaKNX KaK CMa-
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3bIBAHNE, IIYTEM 3aMEHbI JIOKAJLHLIX 00/1acTeli Ha COOTBETCTBYIOIINE UM O0JIACTU U3
JPYIUX KaJpOB, U METO/bl, OCHOBAHHBLIC Ha IVIyDOKOM MAIIMHHOM OOYYeHUHU, IIPU-
HUMAIOIINe Ha BXOJ| Cpa3y MHOXKeCTBO n3obpazkenuii [180]. 3xech crout oTmMeTnTh,
YTO PACCMATPHUBAs CHCTEMbl MOOUILHOIO PACIIO3HABAHMUS, [POU3BOISIINE CHEMKY
1 BBLIUUCJICHHsSI Ha MOOUJILHOM YCTPOHCTBE, B KAYECTBE BXOAHBLIX JAHHDLIX MOYKHO
HCIIOJIL30BATL HE TOJILKO HEIOCPEICTBEHHO KaJIPhI, HOJIYUYeHHbIE ¢ KaMEepPhl MOOUIb-
HOI'O yCTPOICTBA, HO U U3MEPEHUs C JPYIUX CEHCOPOB, TAKUX, KAK aKCeJIePOMETD 1
I'UPOCKOII, OJJHAKO JIazKe JJIS COBPEMEHHBLIX MOOUILHBIX YCTPOICTE ONIMOKYI U3Mepe-
HIsl TAKUX CEHCOPOB MOIYT OBITH HACTOJLKO 3HAYUTEJBLHLIMU, YTO UCIIOJIb30BAHUE
TAKUX JAQHHBIX /I PEKOHCTPYKIMH M300paskeHuil BLICOKOIO KAUeCTBA, MOYKET OBbITh
3aTPYAHEHO WM HEBO3MOXKHO, B OCOOEHHOCTH €CJIM KOHKPETHOE YCTPOMCTBO HEU3-
BeCcTHO 3apanee [229]. MeTosbl mepBoit TPYIIIIbLI, TPEoIaraie KOMOMHIPOBAHTE
n300pazkenuii, Moryr o6/1aJ1aTh BBICOKOI TPYJ0EMKOCTBIO, 9YBCTBUTEILHOCTHIO K
IeOMETPUYCCKUM UCKAZKCHUSIM 1 OBITH TPYAHO PACHIMPACMBIMU HA, CJIy4ail Hen3BecT-
HOIl 3apaHee JIJIMHBI [I0CJIEI0BATEIbHOCTEN N300paskeHuii.

MeToapl BTOPOI TpYINILI, ONUCAHHLIE B JIMTEPATYPE, HCIOJIL3YIOT IIPABU-
J1a, KOMOMHUPOBAHUSL PACIIPEACICHNI, aHAJOIMYHO TIPABUIAM, UCIIOJIb3YEeMbIM IIPU
aHCaMOTMPOBAHIN KJIaCCH(UKATOPOB (T.€. IO TPABUJTY CYMMbI, IPON3BEICHIsT, MaK-
cumyma, Meguanbl u T [230; 231]). B otsimune ot MerofoB mepBoit rpyIimbl, Ha
METOJIbI BTOPOIi IPYIIIILI MOI'YT CUJILHO BJAUATH CBOMCTBA OLEHOK IIPUHAJIEZKHOCTH,
HOPOXKJaeMble KJIacCU(DUKATOPAMU OIMHOYHLIX H300paskKeHuii, 1, COOTBETCTBEHHO,
BLIOOP KOHKPETHOI'O METO0/a KOMOMHUPOBAHUS MOKET CHJILHO 3aBUCETH OT CTPYKTY-
pPbl 1 CBOHCTB KJaccuduKaTopa.

Bosiee TOro, BpIOOP KOHKPETHOTO METOJa KOMOUHUPOBAHUSI PE3YJILTATOB
pACIIO3HABAHUS B BUJICOIOCIC0BATEILHOCTH MOXKET TaK »Ke ObITh 00YCJIOBJICH Tpe-
OOBaHUSIMU, HAKJIaJAbIBAEMbIE B IIEJIOM Ha CHCTEMY paclo3HaBaHus. PaccMoTpum B
KauecTBe IpUMepa 3a/1a9y Paclo3HABAHUsS TEKCTOBO CTPOKM KaK MOC/IE0BATE/ILHO-
et cuMB0J10B. CpaBHUM TpU MOAXO0/1a K KOMOMHUPOBAHUIO IIOKAIPOBLIX PE3YJILTATOR
pacIiO3HABAHUS:

1. EcrecrBenno upejmoJjararb, 4To Ha W300parKeHUsX, Ha KOTOPBIX HUC-
KayKeHHd BHJA <«CMa3» U <«Pa3MbITHE» MEHee BbLIPArKeHbI, OXKUaeMast
TouHOCThL KJaccudukaiu Oyjer Boie [232]. Ilycrs 3ajgana yHKIws
f:1—[0,1], peanusytoinasi oneHKy CchHOKYCHPOBAHHOCTH HU300pasKeHUsI
(kK mpuMepy, aJropuTMOM, oIucaHHbIM B pabore [233|), rae 0 ozmadaer

HanmMeHee coKycupoBaHHOE M300pazkeHue, 1 — Haubosiee cOKycupoBaH-



142

HOEe, C HEKOTOPbIM HAbOPOM IPOMEXKYTOUHBIX Ipajanuii. Boibepem us3
MHOZKeCTBa n300pazkenuit oobekta {11 (x), Iy(z), ..., I,(x)} emuHcTBennoe
nzobpakenue [f(x), obsanaromiee MaKCHMAJIbHOM OLEHKOI (POKYCHPOBKIU:
I¢(z) = argmax}_, f(Iz(x)). B kauecrBe pesyibrara pacno3HABAHUS BH-
JIE0IIOC/IEIOBATE/ILHOCTH TIPUMEM Pe3yJIbTaT PACIIO3HABAHUSA BHIOPDAHHOIO

n300parKeHmsT:

R (I(2), L(x), ..., L(z)) = r(arg}ﬁrllax F(Iu(2), (3.11)

rje r — KJIacCupUKATOP OJUHOTHOTO M300ParKeHns.

3HaueHus OINEHOK IPUHAJJIEZKHOCTH K KJIaccaM KaxKJ0ro OTJAeJbLHOIO CHM-
BOJIa TaKzKe MOYKHO UCIIOJIb30BATh KaK alloCTepUOPHBINT KpUTEpHil KauecTBa
— 4YeM BbIIlle MaKCUMaJibHOe 3HaUYeHue OIeHKHU ITPUHAJIIEKHOCTU K KJIACCy,
TEeM BBIIIE OXKHUJlaeMas TOUYHOCTh Kjaccudukanun. IIycTs, B ciiydae paciio-
3HaBaHUs TEKCTOBOI CTPOKM X, COCTABJIEHHON U3 HECKOJIBLKUX CUMBOJIOB, Ha
m300pazkeHunn (), pe3ysbTaToM sIBJISETCS [OC/IeI0BATEIbHOCTD Pe3yIbTa-

TOB KﬂaCCI/I(bI/IKaLLI/H/I OZIMHOYHBIX CUMBOJIOB:

( )

{(Cllv QIl)a (0127 Q12)7 I (CIM7 qlM)}7

r([(x)) _ {(021, (]21), (022, Q2.2.)-, cee (C2M; Q2M)}, | (3.12)

L {(CKlyqu)y (CK27QK2)7 ceey (CKM7QKM)} )

rie K — KOJIMIeCTBO Pe3ysIbTaTOB KIACCHPUKAIIN OJUHOIHBIX CUMBOJIOB B
orBeTe, M — KOJITYECTBO KJIACCOB, ¢;; € C' — Kiacc (CHMBOJI U3 HEKOTOPOI'O
andasnta), ¢;; € [0,1] — oreHka IPUHAIEKHOCTH -I'0 CUMBOJIA K KJIac-
cy ¢ij. llosoxKuM B KauecTBe OLEHKH KadecTBa Pe3y/IbTaTa PaCclO3HABAHU
CTPOKH & MUHUMAJIbHOE 3HAUEHNE MAKCUMAJILHON OIEHKHN IPHHAJICZKHOCTH
CHMBOJIA: p

q(r(I(x))) & min max g;;. (3.13)

=1 j=1

BoibepeM m3 MHOMKECTBa pE3yJIbTATOB DACIO3HABAHUS CTPOKU HA OJIH-
HouHBIX n3obpazkennsax {I1(z), Ir(x), ..., I,(x)} exnucTBennbil pesybrar,
00JIaIaIoNINIT MaKCIMaJIbHON OIEHKOI KadecTBa, U B KadeCTBE pe3yJibTaTa

paciiosHaBaHAd BUICOIIOCJIE0BATE/IbHOCTHA IIPUMEM 9TOT PE3YJIbTAT!:

R (2), L(x), ..., I(z)) = ar%%axq(r(lk(x))). (3.14)
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3. B KadecTBe TpeThero mojxojia pacCMOTPUM IMPsiMOe KOMOUHUPOBAHKE OJTH-
HOYHBIX Pe3yJIbTaTOB paclio3HaBaHUsl TeKCToBOI cTpoku merogom ROVER
[234] ¢ mpaBuoM ycpejHeHUsI B KadecTBe MpaBiia KOMOMHUDOBAHUSI pe-

BYJIbTaTOB paCHOSHaBaHI/IH OILI/IHO‘IHI)IX CUMBOJIOB.:
R\ (I (2), (), ..., I,(z)) = ROVER(r(I,(2)), ..., r(I.(z))). (3.15)

B nmepByto ouepenns SMITPUIECKH TPOAHATIN3IPYEM XapaKTePUCTUKI JOCTUTA~
eMOil TOYHOCTHU PACIIO3HABAHUS CTPOK B BUJIEOINOCETOBATETLHOCTIX C MCIIOJ/IH30Ba-
HUEM TpexX OIMHUCAHHBIX IMOJAXOA0B. [l 3TOro mcrnob3yeM JiBa OTKPBITHLIX IMaKeTa
nanabix: MIDV-500 [207] uw MIDV-2019 [208]. [Taker manneix MIDV-500 cocto-
ut 13 500 BHjEONIOCTEOBATEILHOCTEN MICHTU(UKAIIMOHHBIX JIOKYMEHTOB, CHSTHIX
IIPU ITIOMOIIU MOOMJIBHBIX YCTPOMCTB, ¢ HE3HAUNTEIbHBIMU I'€OMETPUUECKUMHI UCKAa-
kennamu. [Taker MIDV-2019 conepxkut 200 Bueomnocae10BaTeIbHOCTEH, CHATHIX B
VCJIOBHSIX HU3KOTO ocBerenus (moamuoxkectBo MIDV-2019-L) 1 ¢ cumbHBIME IIPOEK-
TUBHBIME HCKazKeHusMu (mojmuozkectso MIDV-2019-D). Tlpoananusupyem derbipe
I'PYIIIBI TEKCTOBBIX I0JIEl — HOMEDP JIOKYMEHTa, JIaThl, UM JeprKaTesisd JIOKyMeHTa,
HAITMCAHHOE JIATUHCKUM aJipaBUTOM, M MaIlMHOYUTaeMble 30HbI. llpn cpaBHeHUN
pPaCIO3HAHHBIX 3HAYEHUT NTHOPUPOBAJICS PETUCTP, & TaKrKe NTHOPUPOBAIUCH PA3JIH-
qnst Mexk1y nudpoit «0» u jaruHckoit OykBoit «0». B KauecTBe METpUKHI KadecTBa
ICII0JIb30BAJIOCh HOPMAJIM30BaHHOe paccrosinue Jleperinreitna [235] mo mernanoro
3HaUeHns paclo3naBaeMoil cTpoku. [l pacro3HaBanns TEKCTOBLIX CTPOK HCIOJIb-
30BaJICSI AJITOPUTM, ONUCAHHBIH B pabore [236].

[TockoIbKY JiBa M3 TPeX OIMMCAHHBIX II0JXOJ0B CBOJSATCS K BBIOOPY OJIHOI'O
JIVUIIIETO pe3yabTaTa, JJIsd KOHTPOJIS TaKyKe PacCMOTPUM TOYHOCTL PACIO3HABAHUS
CTPOKHU, KOTOpasi JOCTUTAIACH Obl TIPH UJIeATBbHOM BBIOOPE (T.e. TIPH BHIOOPE CTPOKH,
3aBEJIOMO HAMOJIIZKANIICH K MCTUHHOMY 3HAYCHHIO).

Ha puc. 3.4, 3.5 u 3.6 npejcraBieHbl rpaguKi 3aBUCUMOCTH JIOCTUTHYTOI
TOYHOCTHU PACITO3HABAHWSA CTPOKHU C IPUMEHEHUEM OIMICAHHBIX BBIIIE ITOIX0/I0B K KOM-
OMHUPOBAHWUIO M ¢ KOHTPOJIbHBIM METOJIOM HJIeaJIbHOIO BhIOOPa Ha NakeTax JJaHHbBIX
MIDV-500, MIDV-2019-L u MIDV-2019-D, coorBerctBerno. CpeiHue JOCTUTIHY ThIe
3HAUYEHNs] HOPMAJM30BAHHOTO paccTogHus JleBenmreitHa 0 NCTUHHOTNO OTBETA IIO-
cJie KOMOMHUPOBAHUS Ha IOJAX 9TUX MaKETOB JAHHBIX NMPUBEJIEHBI B TaOUNaxX 7,
8 u 9.

Kak moxkHO yBujieTh u3 puc. 3.4 n tabymipsl 7, Ha nakere jaHabix MIDV-500

HanboJiee BLICOKOE KadeCTBO paciiosHaBaHnd JOCTUTACTCA IIPpU KOM6I/IHI/IpOBaHI/II/I
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Tabnuna 7 — CpejiHee 3HaUYeHIE HOPMAJIM30BAHHOI'O PACCTOsSTHUS JIeBeHIITeitHa 10
HNCTUHHOIO OTBETa I10C/Ie KOMOMHUPOBAHUS OIIMCAHHBIMU METOIaMU JIJIS TEKCTOBBIX

noJieit maketra jganabix MIDV-500

KosmmiaecTBo KOMOMHUPOBAHHBIX KaIPOB ‘

5 | 10 | 15 | 20 | 25 | 30 |

Meton KoMOMHUpOBaHUS

| Tozxon Ne 2 (mriGop pesyibrata) 0,0999 | 0,0838 | 0,0788 | 0,0792 | 0,0786 | 0,0781 |

| Tonxon M 3 (ROVER) 0,0995 | 0,0756 | 0,0689 | 0,0677 | 0,0680 | 0,0652 |

|
|
\ Tozxon Ne 1 (BbiGop nso6paskenus) \ 0,0833 \ 0,0629 \ 0,0573 \ 0,0565 \ 0,0554 \ 0,0549 \
|
|
|

| Bribop sasestomo nanGmmkaiimero | 0,0639 | 0,0408 | 0,0339 | 0,0321 | 0,0315 | 0,0300 |

Tabnuna 8 — CpejiHee 3HaUeHe HOPMAIIM30BAHHOIO PACCTOSIHUS JIeBeHIITeitHa 10
HNCTUHHOTO OTBETA IOCIe KOMOMHIPOBAHNUST OIMMCAHHBIMI METOIAMMI JIJIsT TEKCTOBBIX

noJieit makera jganabix MIDV-2019-L

KOJII/I‘{GCTBO KOM6I/IHI/IpOBaHHbIX Ka,ILpOB ‘
5 | 10 | 15 | 20 | 25 | 30 |

Meto1 KOMOMHUPOBaHUS

| Tozxox Ne 2 (BeiGop pesymbrara) 0,2685 | 0,2386 | 0,2300 | 0,2179 | 0,2281 | 0,2209 |

| Tonxon N 3 (ROVER) 0,2302 | 0,1950 | 0,1833 | 0,1732 | 0,1675 | 0,1643 |

|
|
| Tomxon Ne 1 (mbiGop msobpazerz) | 0,2331 | 0,1888 | 0,1751 | 0,1653 | 0,1588 | 0,1587 |
|
|
|

‘ Bribop 3aBeoM0 HAMOIMZKARIIIETO 0,1733 ‘ 0,1231 ‘ 0,1017 ‘ 0,0868 ‘ 0,0789 ‘ 0,0750 ‘

Tabma 9 — CpejiHee 3HaUeHne HOPMAJTIM30BAHHOIO paccTosiHus JIeBeHtreiina j1o
HUCTHUHHOI'O OTBETA I10CJIe KOMOMHUPOBaHUS OIMMCAHHBIMUI METOJIaMMU JIJIsl TEKCTOBBIX

noJsieit maxkera jganabix MIDV-2019-D

KosmiaecrBo KOMOMHUPOBAHHBIX KaIPOB ‘
5 | 10 | 15 | 20 | 25 | 30 |

MeTo KoMOMHUPOBaHUS

| Tomxon Ne 2 (BriGop pesymbrata) 0,0568 | 0,0514 | 0,0552 | 0,0530 | 0,0538 | 0,0540 |

| Tomxon N 3 (ROVER) 0,0546 | 0,0412 | 0,0388 | 0,0365 | 0,0370 | 0,0371 |

|
|
‘ [Moxxom Ne 1 (BeiGop n30bpazKkeHust) ‘ 0,0519 ‘ 0,0459 ‘ 0,0431 ‘ 0,0447 ‘ 0,0452 ‘ 0,0463 ‘
|
|
|

0,0277 | 0,0171 | 0,0149 | 0,0131 | 0,0113 | 0,0103 |

‘ Bribop 3aBegomMo HanOJIMKaKIIIEro
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Mona nakeTa gaHHbIX MIDV-500

= BL60p 3aBe4OMO Hanbanxanwero
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= = = KoMmbuHupoBaHue metogom ROVER (noaxon Ne 3)
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Pucynok 3.4 — 3aBUCHMOCTD JIOCTUTHYTON TOYHOCTU PACIIO3HABAHUS CTPOKU OT Me-

Toa KOMOMHUpOBaHusd, naker jganubix MIDV-500.

METOJIOM BBIOOpa €JIMHCTBEHHOIO M300parkKeHusi ¢ MaKCUMAJILHOW OIEHKO# choKy-
cuposannoctn (mogxom Ne 1). Tor ke sddexr HabMOTaCTCS HA TTOIMHOKECTBE
BIJIEOIIOC/IeJ0BATEILHOCTEl B YCJIOBUSIX HU3KOI'O OCBEINIEHUs] U3 ITaKeTa JaHHbBIX
MIDV-2019 (puc. 3.5, Tabsmia 8), X0Tsl pa3jIndust MeKLy STHM IOJX0J0M U MOJI-
x071oM TosiHOro KoMOuHuposanus metogom ROVER, (mogxon Ne 3) yike craHoBsTCs
HecyInecTBeHHbIMU. [Ipn 3TOM, Ha IOIMHOYXKECTBE BHJEOINOCTIEI0BATEIBHOCTEH €
CUJIbHBIMU TIPOEKTUBHBIMU HCKazKeHUsIMU u3 makera garabix MIDV-2019 (puc. 3.6,
Tabsinia 9) KapTHHA MeHSIeTCsl: HanboJiee BBICOKAsl TOUYHOCTH PACIO3HABAHUS J10-
CTUTAETCS IPU IOJHOM KOMOMHUPOBAHUN PE3YJILTATOB PACIIO3HABAHUSI METOJIOM
ROVER. Tewm cambim, crieruduaeckne cBOCTBA MOTOKA BXOJHBIX JAHHBIX (MM 1X
pacIipe/ie/ieHne) MOTYT BJIUATH Ha BEIOOD ONTUMAJIBLHOl CcTpaTernin KOMOUHIPOBAHMIS
pe3yJIbTaTOB PAaCIO3HABAHUS B BHIEONOC/IEI0BATEILHOCTH.

CronT TakzKe 3aMeTHTb, UTO BO BCEX TPeX CJAydasX HaWIydIIero KadecTBa

JdOCTHUTI'aJIla CTpaTerusd BbI60pa OJHOI'O pe3yJibTaTa (SaBeILOMO H&H6JIH)K&§ILH€FO),
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Pucynok 3.5 — 3aBUCHMOCTH JIOCTUTHYTOH TOYHOCTH PACIIO3HABAHUSI CTPOKU OT
MeTojla KOMOMHNpoBaHusd, makeT ganubix MIDV-2019, moaMHOXKeCTBO B I€0TIOC TE-

ILOB&TGJIBHOCTGI!/)I, CHATBIX B YCJIOBHAX HU3KOI'O OCBEIIECHU .

HepeaJin3yeMast Ha [IPaKTHKE. DTO TOBOPHUT O TOM, 9TO BCE eIle MOYKET CYIIEeCTBOBATD
KpuTepnii BbIOOpa €IMHCTBEHHOIO HAWJIYYIIEero pe3y/bTraTra, KOTOPbI Obl KOHCH-
CTEHTHO ITOKa3bIBaJl HAWIYYUIIIIe Pe3y/IbTaThl Ha BCEX TPexX IHaKeTaX JaHHbIX.

B smreparype BcTpedaroTcst pabOThl U UCC/IEI0BAHUSI, pacCMaTpuBalolue u
CpaBHUBAIOIINE Pa3/INUYHbIe IOJAXOJbl K BLIOODPY M300parkKeHuil, olpejie/ieHne Ha-
JIe?KHOCTU PEe3yJIbTaTa pPaclo3HABAHUSI U, KaK CJIEICTBUE, ITOCTPOEHUE AllPUOPHBIX
KPUTEPUEB OIEHKN KadecTBa pe3yJibTara Kiaccudukainm 00beKTa 1 Pa3JInIHbIX Me-
TOJIOB CJIMSIHUSI HADOPOB OIEHOK KJIACCU(UKATOPOB JIJIsI UX aHCAMOJIMPOBAHNST UJIN
ME>KKa/POBOIr0 KOMOMHMPOBAHMS, KaK IIPaBUJIO, Ha OCHOBe 0a30BbIX cTaTucTuk. O]I-
HAKO JIJIsI PellleHns 3a/1a9l KOMOMHUPOBaHUsI PE3Y/IbTaTOB PACIIO3HABAHUSI 00bEKTa
B BHJIEOTIOTOKE DoJjiee cojieprKaTe/IbHbIM 00pa3oM HeOOXOIMMO ITOHUMATh, KaKUM 00-
Pa30M PACIIPEJIEISIIOTCST OIEHKN IIPUHA/JIE?KHOCTH B BIIEOIOTOKE U KAKUM 00Pa30M

MOCTPOUTH 3P DEKTUBHYIO MPEIUKTUBHYIO MOJIE/Ib STUX OIEHOK.
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[Mona nakeTa gaHHbIX MIDV-2019-D

=== Bpi60p 3aBe4OMO Hanbnxanwero

0.10 = = = KombuHuposaHne metonom ROVER (noaxon Ne 3)

mmmm  Buibop pe3synbTaTa (nogxon Ne 2)
\ == = Bbibop n3obpaxxenunsa (mogxon Ne 1)

=

o

o
il

.
o
o

.

‘. \._-,l—'\.—.—.—._l_

”F-N__-—____—.__————'

e ¥y s unmop

o
o
=

L 4 .
L P TR L L L I I I B R ]

CpefHee HOPMaJIM30BaHHOE PaccTosHne
JleBeHLWTeNHa 40 NCTUHHOIO 3HaYeHNs

0.02 4

5 10 15 20 25 30
Konn4yecTBo Kagpos

Pucynok 3.6 — 3aBUCHMOCTH JIOCTUTHYTOH TOYHOCTH PACIIO3HABAHUSI CTPOKU OT
MeTojla KOMOMHNpoBaHusd, makeT ganubix MIDV-2019, moaMHOXKeCTBO B I€0TIOC TE-

J:LOBaTeﬂbHOCTefI C 3HaYUTEJbHBIMHI IIPOCKTUBHBIMHU NCKaKCHUAMU.

3.3.2 MoaenupoBaHue MOTOKA Pe3yJIbTaTOB paclio3HaBaHUSA 00beKTa

B srom nozapasziene Oyaer mocTpoeHa BepoATHOCTHAS MOJE/Ib, COIVIACOBAHHAS
¢ pesy/JabTaTaMi Paclo3HaBaHUdA 00pPa30B OOBLEKTOB B BUJCOIOC/IEI0BATEILHOCTAX,
Ha IpHUMepe 3aJaul paclo3HaBaHus 00pa3oB CUMBOJIOB. Takasd BeposSTHOCTHAST MO-
JleJIb MOKET B JIaJIbHEHIIeM HMCIOJIb30BATLCS JIJI KOMOMHUPOBAHUS DPE3Y/ILTATOB
KJIacCuPUKAII OJJMHOYHBIX OOBEKTOB B BIJICOIIOTOKE KAaK YaCTh PeIleHus 3a/[a9n
pacrosHaBanus B BueonoToke (3.8).

JIy1e1 TOCTPOEHUST MOJICNIN IPEIIIOJOKIM, YTO IEJIEeBbIM OOBEKTOM paCIO3Ha-
BAHUSI ABJISICTCSl CTPYKTYPUPOBAHHDII JIOKYMEHT, COCTOSIIINI U3 HAbOPa TEeKCTOBLIX
moJiell ¢ 3apaHee W3BeCTHbIMU cBoficTBamu [215; 237; 238]. [lnsg Takux moseii Bo3-

MOZKHO OTCJIEZKMBaHUE HE TOJIBKO ITOCJIEAOBATC/ILHOCTU PE3YJILTATOB PAaCIIO3HaBaHUA
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TEKCTOBLIX 10JIefi, HO M aHAJIN3 II0C/IeJI0BATEILHOCTH PE3Y/ILTATOB PACIO3HABAHUSI
OJIHOTO 3HaKoMecTa (cmMBoga) [239)].

ITycTh Jjist HEKOTOPOTO IOKYMEHTa €CTh I0CIe0BaTeIbHOCTD Kaapos { [F}HE .
Ha kaxom xajpe I* umeercs mnose F (1 k), KOTOPOE COCTOMT, He OTPAHMYNBas OOIII-
HOCTH, 13 oj1HOrO 3HaKoMecTa A¥. Bynem cunrars, uro 3nakomecro A¥ ects nabop n3
n anprepatus {(s;, XF)} |, mie s; — ko1 cuMBosia u3 HekoToporo andasuta Z (K
npuMepy, s; = «A», 89 = «B» u T.j1.), X — BeposTHOCTHas OlEHKa ajbTepHATHBbI
(oreHKa MPUHAJIEKHOCTH K KJIACCY ), MOJIy9IeHHAsT TP TOMOIIH KJIACCH(MUKATODA,

OJIMHOYHOTO CUMBOJIA Ha m3obpaskennn [F. Brejgem obozHadenne jijisi BEKTOpa olle-
nok X* = (XF, ..., X)) Tlyers X* € T, rme T" — cummiiexc.

T =< (Xp,.. .. X)X >00i=1,...m ) X;=1;. (3.16)
=1

B nonosmenne Gyem pe/nosiaraTh, 9T0 pesy IbTaThl paciosHapanusa X -, k =
1,..., K ecTb BbIOOpa 13 HE3aBUCHMBIX OJMHAKOBO PaCIpe/eIeHHBIX BeJIMUNH.

Hazosem nocsiesiosaressioets { X*HE | notokom pesy/braTos paciosnasanust
00beKTA.

PaccmorpM Tereph 3a/1a1y MOJIeJIHPOBAHUS (AIITPOKCHMAIAHN ) SMITHPIIECKO-
ro 3aKoHa paclpejle/leHus oToKa pesyibTatos pactozuasanus {XFHE - Moo
BBIJIEINTH YeThIPe 9Talla PEIeHns MoCTaBIeHHoi 3aadn [240]:

1. BbIOOpD MOJIE/IM, T.€. BbIIBUKEHUE I'MIOTE3bl O IIPUHAJJICZKHOCTU BLIOOPKU

HEKOTOPOMY CEeMeICTBY paclpe/le/IeHUIL;

OLICHKa [1apaMeTPOB TEOPETUYECKOI'0 PaCIIPE/ICICHUS;

OllCHKa KauecTBa PUOINKEHU;

IIPOBEPKa COIVIacUsl MEKJy HaOJIOAAeMbIMU 1 OJKHUIa€MbIMI 3HAUCHUAMIE C
ICIIOJIb30BaHUEeM CTaTUCTHUCCKUX TECTOB.

B kjlaccuueckoil 11ocTaHOBKe 3aJ1a4il MOJEJINPOBaHUdA 110 MMelolleiicsa BbIOop-
Ke He3aBUCUMBIX CJIydailHbIX BeJIMUUH € HEU3BECTHOIl IIJIOTHOCTBIO pacCIIpe/lesIeHusl,
IpUHaJIIezKaleil HEKOTOPOMY CeMelCTBY HapaMeTPUUYeCKUX paclpejieeHuit, Tpedy-
eTcsl [OCTPOUTL OLEHKU HEU3BECTHLIX IlapaMeTPOB C MCIOJIb30BaHUEM I[PUHIIHIIA
MaKCHMaJIbHOTO IpaBjononodud. lannas 3aj1ada MOXKeT He UMEThb DEIIeHUs B CIIy-
Jae, ec/il pa3MepPHOCTb BEKTOPa [1apaMeTPOB OKa3bIBAeTCs OOJIBIION 1 3HAUNTEIHHO
IIPEBOCXO/IUT BLIOOPOUHBIHT 00beM. [TosTomy s permenns 3aiaam OyjieM paccMarT-

pPUBaATL ITapaMETPUICCKOE CEMEIMICTBO KaK KOM6I/IH&LLI/IIO pacnpezgeﬂeHMi/’I C BEKTOpaMH
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apamMeTpoB MeHbIIell pa3sMepHOCTH. TaKoil MOAX0] ITO3BOJIUT MOJYINTh OICHKHN I1a-
paMeTpoB IIPU MaJIbIX 00beMaX BBIOOPOK PE3YJIbTAaTOB paClO3HABAHUSI.

s peam3alny 3TOTO IO/IX0/a IPUBEJIEM OCHOBHBIE 0D03HAUYEHUS, a TaKKe
HEKOTOPbIE ONPEJIeJIeHNsT 1 Pe3y/IbTaThl 13 paboThl [241].

PacemoTpuM j1Ba MOJIOKUTENIBHBIX colydaifibix BekTopa X = (Xp,...,X,)

i

v e Yt =5%",Y. B

JuTepaTrype g 0003HaUeHNs BEKTOpa X HUCIOJIL3YETCS TEPMUH KOMNOZUYUUOHHDLE

Y = (Y1,...,Y,), cBasanubix coorHoreHusiMu X; =

danmnwie (compositional data), a jaa Bekropa Y — 6asuc. 3aMeTuM, 4TO OHEHKH X'
MOKHO PaCcCMOTPUBATHL KaK IPHUMEpP KOMIIO3UIINOHHBIX JTAHHBIX.

JI0BOJIBHO YaCTO KOMIIOHEHTBI X MOI'YT ObITh CIPYIIIMPOBAHbBI COIJIACHO HEKO-
TOPOMY KPHUTEPUIO OIHOPOJIHOCTU. B MOJOOHBIX ciydasix IIpejcTaB/leT HHTepPec
n3ydeHne CyMMapHBIX IIOKa3aTeseil 1 OTHOCUTEJILHBIX BEJMYUH BHYTPH KayKJIOi
rpymmbl. as dopMaansanum Takoro IoAxXoja HMPUHSITO HCIHOJIB30BATh MOHATHE
aAMaANL2aMALUA (coedunente) N nodKOMNO3ULUA, KOTOPbIE MOYKHO MOSICHUTD CJIEJTy-

oM obpazom. Ilyctb ag =0 < a1 < ... < ag_1 < ac = n HADODP UHEKCOB U
Xiyoo oy Xag| Xays1y oo Xl oo | Xae 415 - -+ Xag (3.17)

nosiHoe pasouenne (mopsiika ¢ — 1) Bekropa X Ha ¢ mojMHO)KecTB. Mexoms us pas-

ouennst (3.17), ompegesnM MOAKOMITO3UIIIO ¢ HHJECKCOM 1:
Si = (Xo,_ 141, Xa,) /X, (3.18)

e X;" = Xo, 41+ .-+ Xot = 1,...,c. AMasbramvanust npejcTas/sier coboit
BekTop X = (X ,..., X))

NsBectHo [242], aTo st MOJEINPOBAHIST KOMIO3UIIMOHHBIX JIAHHBIX CYIIIe-
CTBEHHBIM SIBJIFETCS HaJU4INe Y HUX CBOICTBA KOMIIO3UIIMOHHOI MHBAPHUAHTHOCTH.
Bazuc Y KOMIIO3UIMOHHO WHBAPUAHTEH, €CJAU COOTBETCTBYIOMIAS KOMITO3HITHS
X = C(Y) ue zaBucut or Bejmuutbl Y 7. DakTuuecKu, Bee BEPCUU TTOHATUIT He3a-
BHUCHUMOCTH, IpEJICTaBIeHHbIE B JIATEPATYPE, MOI'YT ObITH BbIpayKE€HbI B TEpMIHAX
nogkoMmnosunuit S;, 1 = 1,...,c¢, u amaubramannun X . Hanpumep, paccMoTpum
HanboJiee MOMy/ISPHbI caydail pasbuenus mopsijka 1 (¢ = 2). Obo3HaINM HE3aBU-
CIMOCTH CHUMBOJIOM | 1 B3aMMHYIO HE3aBUCHMOCTH IepeMeHHbIX Kak A 1. B 1 C.
IIycte a; = m. Torna nesaBucuMocTh pasomennii osnadaer, uro S; L So L X
IOJIKOMIIO3UIIHOHHAS MHBApUAHTHOCTL — (S1,S9) L XT; meiirpasbHocTh ciieBa —
S1 L (Sq, X); neiirpasibaocts cripaBa — Sy L (S1, X T); 110 KOMIIO3UIIMOHHAS HE3a-

BucuMoCcTL — S71 LS.
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st MosteTMpoBaHs KOMIIO3UIIMOHHBIX JAHHBIX OJIHUM U3 KJIIOUEBBIX MHOIO-
MEPHBIX paclpejesienuil sapisercs pacipejenenne [Jupuxse. OHO urpaer BazkKHyIO
POJIb JIJIsl TIPEJICTABJIEHUs IIPOIOPIHUil. DTO paciipejiesieHne UMeeT MPOCTOil BUJ| 1
obJ1a/1aeT MHOIHME YI0OHBIMI MaTeMaTudecknumu cBoiictBamu [243|. Bmecte ¢ Tem,
cUUTaeTCsd, 4To pacupeaenenne Jlupuxie negoctaToanoro ruokoe. [Tostomy, pasnbl-
MU aBTOPaMU OBLIH TIPeJTIOYKeHbI 0600Ienns pacipeenenns Jupuxie [241; 242].

Coryuaitnbiii Bektop X = (X1,...,X,)T € T" umeer pacupemenenne Jupux-

JIe, €CJIN IIJIOTHOCTL pacCIpeleJICHUuA nMeeT CﬂeﬂyIOLLLI/Iﬁ BUJI:

R
i) L a2

n
IJie O¢ — BEKTODP IOJIOKUTENIBHBIX [IaPAMETPOB, 0ty = » | | &;.
CyrectByet [243] pocrast cBsi3b MeXK/1y lapaMeTpaMi COBMECTHOMN MIJIOTHOCTH
1 MaprUHAJIBHBIX TIOTHOCTEl Kax1oii 13 kommoneHt X; ~ Beta(oy, oy — o).

[IpomsBegem ciiefytoliee mpeodpa3oBaHue:
X

i—1 v

1 - Zj:l Xj

Torma ajaa 9TUX CAydailHBIX BEJIUYIUH CIIPABE]IUBO:

Xi=X,, X = i=2,...,n—1 (3.20)

n
Xik ~ Beta O(l,ZOCj nu
=2
n
X/|X1, . Xy ~Beta | o, Yo |, i=2,...,n—1 (321)
j=it1

['ubkoe pacupenenenne Jupuxie FD"(x, p,T) ObLI0 BEpBbIe [IPEJJIOKEHO B
pabore [241]. Ilycts X = (X1,...,X,,)T € T". Oynxuus pacrpejeieHns BeKTOPa

X ~ FD"(«, p,T) upejcrap/iser coboii KOHETHYIO cMech pactipeenennit Jupuxiie:

n
n . _ n .
FD"(x;0,p,T) = E piD"(x; &« + T€;), (3.22)
i=1
rjle €, — BEeKTOp C HYJIEBBIMHU 3JIEMEHTaMU, 38 HUCKJIOYEHUEM ¢-T'0, KOTODPbIIl paBeH
eJINHUIE, a TJIOTHOCTHL PaCIpeengd UMeeT CJIeAYIONNil BUI;:

Iy +71) [+ r

oG — - (OCZ) T
fFD(X;OC,p,T):—H,;:lF(%) gxl 1 ;pi—F(oc@-+T)xi : (3.23)



151

mex €T i=1,...,n; 0, >0, =Y 0 0<p; <1,>0" pi=1;7T>0.
MaprunajbHble pacipeeieHns KOMIIOHEHT BeKTOpa X MOXKHO IIPEJCTaBUTD

CJIEJIYIOIIM  00Pa30OM:
X; ~ piBeta(o; +7T, xy — ;) + (1 —p;)Beta(oy, xp —o;+71), i=1,...,n. (3.24)

Bynem rosoputhb, uto sektop X = (X1,...,X,)T € T" umeer pacupejere-
ae Konnopa-Mocumanna C M («, 3), ecin IIOTHOCTH €10 Pacpeie/ieHns MOXKHO

IPEeJICTABATE CJIEIYIONNM obpasom [244]:

n—1

F(OL n Bi—1—(o+B:)
fou(x;00B) = | [ ] F(Cx_’) zfi ! <Z x]> gborml o (3.25)

i=1
rnex €T o >0,0=1,...,n,3;, >0, =1,...,n—1,B0 = 0.
[Ipumenum mpeobpasoBanue, axajorundroe (3.20):
X
1=

CoOTBETCTBEHHO, YCJIOBHBIE PACIIPeIeIeHIsT OIPEJIeISIIOTCs CIe YoM 00pa-

Xi=X,, X'= i=2...,n—1 (3.26)

30M.
Xik ~ Beta(oq, Bl> u Xi*|X1, N ,Xz'fl ~ Beta(oci, BZ)a 1= 2, e, — 1. (327)

C pacnpenenennem Iupuxje TECHO CB3aHO TapaMETPUUECKOE CEeMeNHCTBO
MHOTOMEPHBIX pactipenesnennit JInysusasa. JIng paccmorpenns: BeIOepeM M3 3TOTO
cemeiictBa pactpejenenne oera-/Inysuis. [Tycrs sekrop X € (0,1)" umeer cro-
xacrudeckoe npejcrasierne X = RY, rie R LY, R =", X;, R ~ Beta(a,b),
Y = (Y,...,Y,)T € T", Y ~ Dir(x). Torma GyjeM roBopuTh, 4To BekTop X
nmMeer paciupejienenne 6era-JInysusis. IlioTHocTs pacupeesienns oera-JlnyBuiiis

MOKHO TPEJICTABUTL B CJIeyomueM Buje [245]:

fBL(xla"'vxn;au b7 0617"'7“71) =

Sl (9 ) ) e
= IO [, I (Z ) (1 2 ) L[ o2

Paccmorpum BekTop oreHok X € T". He orpanuumBas obmiHocTu, Oyjem

CYNTaTh, YTO BbIIOJHAETCA X1 = ... = X,. 3aJaJM HEKOTODbIl KpUTepHii,
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MCIIOJIB3YST KOTOPBIH MOYKHO pa3OMTh KOMIOZMINIO X Ha JBE IOJKOMIIOZUIINN
XU = (Xp,..., X)) u X® = (X,41,...,X,)". Hanpumep, K 1nepBoit mogKoMIIo-
SUIAU OTHECEM BCE 3JICMEHTDI, 3HAYCHNU KOTOPLIX IPEBOCXOIAT HeKOTOPLIH YPOBEHD

E, a BCE OCTaBIIMECA — KO BTOpOfI. Oo6e INOJKOMIIO3MITNN MO2KHO IIPpEACTaBUTL B CJIC-

JIYIOIEM BHUJIE:

XW=xW__ x® = xB_ (3.29)

—~

rje Xil) = > X Xf) = > Xis X+2) =1- Xil). Hasee, BBEjEM HO-
BbI€ IIEPEMEHHBIE:

(1) (2)
7(1) — X_ 7.(2) X

X 1—x '

Torma ajst X MOXKHO BBIINCATH BbIPpayKEHIeE:

X (1) R-ZM
() () -

rie X — m-mepusriit Bektop; X2

— (n — m)-MepHBIil BEKTOD.

Hasee copMmymupyeM npenoaoKeHnst s ITepeMeHHbIX, BXOAAIINX B IIEPBYIO
JacTh BbipaxkeHus (3.31):

— [Ipednonosicenue 1. Iyers soimonuserca 24 1 Z3) | R.

— Ilpednonooiceriue 2. llyers R ~ Beta(a, b).

— IIpednoroocenue 3. Tlycrs Z2) ~ Dir(o?)).

— IIpednonosicenue 4. ycrs ZW) ~ Dir(oD).

— IIpednonoorcenue 5. Tlycrs ZW ~ FD(oM, p, T).

— IIpednonoocenue 6. ycrs ZW ~ CM (oM, 1),

st yaporierust 00o3HaueHnit OyIeM CUUTaTh, YTO

o= < "‘(: ) — (o, 00, (3.32)

riie o) — m-mepnbiit BexTop napamerpos; ol?) — (n — m)-MepHBIi BekTOp HApa-
METPOB.
Ncnonb3yst IpeiioiozKeHust, IIOCTPOMM TPU BEPOATHOCTHLIC MOJEIU PACIpe-

JIeJIeHIsT KOMIIO3UINU X.
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Modeaw 1. Ecin BBIIOJIHSIIOTCSI IIPEIIOI0KEHNsI 1—4, TO IJIOTHOCTH paciIpe/ie-

JIEHUs] KOMIIO3ULInK X OyJeT UMeTb CJIeIyIONINi BUI:

fl(xly"wxn;a’abu al,...,an) -
T(a+0)T (3 00) T (30,41 i)

- L(a)T(0) [T T(ew) :

m a—i_n:loci—l n b—‘_zn: 1oc,»—l n
X (Z Sl?z) : ( Z xz> o Hazf“'*l. (3.33)
i=1

i=m+1 =1

JlefictBUTE/ILHO,  BBIIUINIEM  COBMECTHYIO  IJIOTHOCTH — PacHpejie/IeHus

(ZW, R, Z?):

Ma+0) | o TS ) e
—_r (1—7’)b X mg[zl ] X

I (Z?:m—kl OCZ) ﬁ [Z@)]O{i—l (3 34)
. (1) _
Haiiee neoOXoaumMo nepeiiTu K KOOpAUHATAM T, . . ., Ty, Ty . BBIYUCIUM 3Ha

yeHne Sxkodbmana:

J(Z](_l), e ,Zﬁi),lra Zr(jl_]_a e ’Z7(’L2> — L1y ’xTL’xS})) —

= () (@ =2y~ (3.35)

—~
—_

Takum obpazom, ¢ yuerom (3.30), (3.34) u (3.35), cieayer (3.33).
Modeav 2. Eciaun BBIIOJIHSIIOTCST IPEIIIOIOXKeHNsI 1—3 1 D, TO IIOTHOCTH Pac-

npeJie/ieHnsl KoMITo3uiun X OyjieT UMeTb CJIC YOl BU/I:

fo(xy, ..o Tp;a,b, 00, ..o Oy PLy - ey Py T) =

Pla+ BT (X", o+ )T (30, ) i i 3
[(a)T'(0) [Tizy T'(exi) Z

. b_i:é;rloci_l - ou—1 “ F((XZ) T
X Z x; sz szmxz . (3.36)

i=m+1 =1
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Modeav 3. Ecan BBINOJIHSIIOTCST TPEIIOJIOX)KeHusT 1-3 1 6, TO IJIOTHOCTh Pac-

HpeJie/IeHnsl KOMITO3uIun X OyjeT UMeTb CJIeJIyIONnil BU/I:

fg(.ﬁUl,...,ﬂfn;a,b, X1, ..., &Ky, Bl;"'76m71> —
m a—1 n b— zn: OCi—].
B F(a+b)F (Zz mal OCZ') Zx Z . i=m+1 y
m—1 m Bi—1—(oi+PBs) n
(Xz +
X H b )xz ij gPm-1-1 H z&t(3.37)
i=1 P(e)T'(By) =i i=m+1

g mocTpoenns oneHoK pacipeenenus Jlupux/ie mpuMeHnM TPUHIIATT MaKCH-
MyMa, TpaBooa00us. bygem mojiaraTh, 9To 3a OIEeHKN TapaMeTpPOoB MPUHUMAIOTCS
Te 3HaUYeHUsI, KOTOpble 00eCIIeUYnBAIOT MAKCUMYM JIOrapupMIUIecKoil pyHKITUN TTpaB-

JIOTIO 00U :
k
L(x;00) =) log fo(xY); o) =
j=1
=k<logT Z%‘ Zlogf ;) +Z ;— 1) log G, p, (3.38)
i=1

rjae Gz: (H?leji)/, z:l,,n

NssectHo [246], uto dyHKImMs L siBIsieTcsi BBITYKJION MO X, TTOCKOJIBKY DPAaC-
npejenenne /Iupuxiie OTHOCUTCS K 9KCIOHEHITNATHLHOMY CEMENCTBY pacipeaeeHuii.
91O o3HAvYAeT, UTO PYHKIWS L sBJisieTcs YHUMOJIAIbHO, & MAKCUMYM MOYKET OBbITh
HallJIeH TPOCTHIM ITOMCKOM C HCITOJIb30BaHueM, Halpumep, Meroja HbroTona-Pad-
cona [243; 247|.

OneHuBaHme apamMeTpoB IrmbKoro pacrpejesnerust Jupuxie Oyjgem paccmar-
pUBaTh KakK 3aJlady pasjeleHns KOHeYHOI cMecnu pacupenenenuit upuxie, mis
periennsi KoTopoit ucnosbzyercss EM-agropurm [248; 249]. [Ipesamosoxkum, 9to
uMeeTcs k He3aBUCUMbIX HaO/ojenuit X;, j = 1,...,k, KaxKji0e U3 KOTOPBIX IIPe/I-
cTaBJisieT coboil peasim3alnio CJIydaiiHoil BeJIMUNHbBI C IIJIOTHOCTBIO pacipeeIeHus,

3aj1aBaeMoii cootHomenneM (3.23). Jlasee 3a1a/uM MOTHBIA BEKTOP JAHHBIX X,.:
X, = (x,V) = (X1, V1,. .., Xk, Vi), (3.39)

Ijle BEKTOP METOK V; = (Vji,...,Vj,) LIPEJCTAB/IAET HEM3BECTHbIE JIAHHbIE, Uj; =

1, ecoin j-e HADJIIOJIEHNE TIPEJICTABIAET CODOI pean3aIuio CaydaiiHol BEeJIMINHbBI C
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IJIOTHOCTBIO paclipe/jie/ieHnsd, 3a/1aBaeMoli i-ii KOMIIOHEHTOIT cMecH paclipejie/ieHusl,
u vj; = 0, B OCTAJbHBIX CJIyYasX.

Beimmimem BblparkeHue st JiorapuMuieckoil (pyHKINK IIPaBIOIOI00HsT C

yaerom (3.22) u (3.39):

k. n
log L.(0) = Z Z vj; [log pi +log fp(x;; o« + Te;)] (3.40)
j=1 i=1

rie 0 = («, p,T); fp(xj; ¢ + Te;) — mwiorHOCTH pacupeesenus Jupuxie.

Jlanee ompenennM UTepallMOHHBIN ajaropuTMm Tuna EM perenms 3ajgadnm mo-
CTPOEHHSI OLEHOK IapaMeTpPoOB, KOTOPBIH Oasupyercs Ha MeTOoje MaKCUMU3alluu
upaszononodust. Ilar aaropurMa s + 1 cOCTOUT B CJIELYIONIEM.

E-step: mpu moaydeHHbIx Ha mare § olnenkax mnapamerpos 00 =
(), pt) 1(8)) u BrIGOpouHBIX AHHBIX X = (X1,...,X}) HOJydacM BBIPAZKCHHC

ntst orapudMuaeckoit dbyukimn npasonoqoous (3.40):

k n
Q(68;09) = " " pi(x;;0")) [log p; + log fi(x; & + Tey)] (3.41)

=1 i=1
e pi(xj;e(s)) — aIloCTepUOPHAs BEPOATHOCTH IIPHHAJJIEZKHOCTH HAOJIIOJECHHS X
K i-il KOMIIOHEHTHI CMECH PACIpejeseHuil mpu 3a1annoM suadennn 00), koropas
OIIPEIEeIIACTCS CIICLYIONIM 00Pa3OM:

pifp(x;; & + Te;)

1 prfp(xj; 00+ Te,)’

M-step: makcuMmusupyem Bbipakerue (3.41) ¢ 1eJIblo TIOJIyUeHUs] OIEeHKH
g(s+1).

pi(x;;0) = 5 i=1,...,n (3.42)

00+ — argmax Q(6;0)). (3.43)
0

(s+1

B uacrnocru, p, ) = %Z?zlpi(xj;e(s)), i =1,...,n—1, B TO BpeMs Kak

snavenns Y u ) yMoryr GuiTh HaiijeHsl ¢ npuMenenneM metona Hbioroma-
Padcona.

BrinostHenne nurepanyii TpONCXoUT JI0 TeX IOpP, MoKa He OyjeT JOCTUTHYTO
«JOCTATOYHO MaJioe» N3MeHeHHe HaOJII0aeMOro JIOTapuMMIIeCKOTro IIPaBIOIOI0-
Onst (WM B OIEHKAX [1apaMeTpPOB).

[TostyunTs onenku mnapameTpoB pactipejiesennst Konnopa-Mocnmanna MOXKHO
C UCIOJIb30BAHUEM CBOCTBA YCJIOBHBIX pactipeeennii (3.27) [244]. Boimostum ore-
HUBaHUE ITapaMeTpoB OeTa-paciipejiesiennit «,., 3,,7 = 1,...,n — 1 u nojgy4deHHbie

OII€EHKMN BO3bMEM B Ka4deCTBE€ OIICHOK HMCXOJHOI'O pacClipeJec/iCHMA.
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Terneps paccMoTpuM 3a/1a1y BBIOOPA MOJEN U3 MHOYKECTBA KOHKYPUPYIOIINX
Mojieielt, KoTopas JlaeT HauIydlliee B HEKOTOPOM CMbIC/IEe MpUOJIMKEeHne K Xa-
pPaKTEPUCTUKAM M3y4aeMOI'o MMOTOKA Pe3y/IbTaTOB paclo3HaBaHusd. B coBpeMeHHOM
CTATUCTUYECKOM aHaJu3e JIs Ie/ieil paHKUpoBaHus MOje/iell UCIIOIb3YeTCs 1IPOo-
croit u 3ddeKTuBHBII HHCTPpYMeHT — nHbopMalmonnbiit Kputepnit Akanke (AIC),

KOTOPBIIT MOXKHO TPEJICTABUTDH CJICIYIONUM 00pPa30M:
Quic(F®), é(k)) _ _QZIH f(k)(yj; é(k)) +2¢®). (3.44)
j=1

rne F®) — k-a momens; f®)(-) — mwrornoets pacnpesenenus s F®): y; — rico-
pouHble JlaHHbIe, ] = 1,...,MN; o) sexrop-napamerp mist F'F); ¢ — «ncro
rapaMeTpoB, OT KOTOPBLIX 3aBUCHT F (k).

Bribop Mojie/n 3aK/II04YaeTCI B PAHXKUPOBAHUU MOJIeJIell B COOTBETCTBUU CO
3HAUEHUSAMU Kpurepust () 47c U HPEAINOUTEHUN MOJIEJIM C €0 HauMEHbBIITUM 3Hade-
HUEM.

Crout 3aMeTuTh, 4TO Ha ocHoBaHun Kpurepuss AIC MOXKHO HOCTPOUTDL IIpa-
BIJIO pasouenus xommosunuu X. IlycTb aj1g Hexkoroporo nabopa pasmepHocTeit
nogkoMIo3uiinn M = {Myin, - . ., Mpax } BBITOJHSTIOTC nipenosioykenust 1-3. To-
IJla UCKOMYIO Pa3MepHOCTh JIJIsl, HaIpuMep, MoJiejn 1 MOYKHO OIpeJIe/INTh, Kak

penienne 3aJa49mn

K
m”* = arg min —QZlnfl(Xf,...,Xf;&,l;,éq,...,&m,l,...,1) +2m
meM —1

(3.45)
Jlerko 3aMeTuTh, UTO MOJyUeHHBbIe pe3yiabrarhl (3.33), (3.36) u (3.37) pas-
JIIYAIOTCS THIIOM DACIIPEIe/IeHNs, OIChBaoNero setndnmy X / XJ(FI). [TosTomy,
OrPAHUYIKMMCsI BBIUUC/IEHUEM 3HAYEHUIl 9acTHIHOrO Kpurephsi (QQarc (CM. Tabsuiy
10).
Terepb ocTaHOBUMCSI Ha, BOIPOCE, HACKOJBKO XOPOIIO MPEJIOXKEHHBIE MOJIe-
JIN CONJIACYIOTCS ¢ MMelonuMucsd JanubiMu. [Ipexkie dem mepeifiTn K MOCTPOEHUIO
00 BEKTUBHBIX KOJMIECTBEHHDBIX OIEHOK, TI0JIE3HO TTOABEPTHYTh MOy YeHHBIE MOJIE/IH
npotiejlype HedpopMaibHON IpadudecKoil JUArHOCTUKH, T.€., MPOBECTU CpPaBHEHUE
BBLIOOPOYHBIX JAHHBIX C [apaMeTPUYecKOl MOJIEIbI0 T'padUIeCKUMU METOJIAMI.
[list IpoBepKM XapakTepa BBIOOPOYHOIO DPACIIPE/Ie/IeHIs] TIOCTPOUM TaK Ha3bIBae-
MBIl «rpaduk KBanTmieis. Ha Takom rpaduke m3o0parkatoTcss KBAHTUIH JIBYX

pacipejiesIeHuit — SMIUPUIECKOTo U TeopeTndeckoro. IIpm xoporem coorBeTcTBIN
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Tabsiuna 10 — CpaBhenne Mojiesieil, ONMUCHIBAIONINX PE3YJIb-

TaTbl PpacCllO3HaBaHWsI 06pa30B CHUMBOJIOB B BUJEOIIOTOKE

‘ Monenn ‘ Buauenne Q) arc ‘
‘ Mogenb 1 (pacipenenenue Tupuxiie) ‘ —221,73 ‘
‘ Mogesnn 2 (rubkoe pactpeesenne upuxiie) ‘ —228,50 ‘
‘ Mogess 3 (pacupenesnenune Konnopa-Mocumanna ) ‘ —234,39 ‘

TEOPETUIECKOTO PacCIpe/ie/ienns TPOBEPSEMbIM JTaHHbIM TOUKN Ha I'paduke pacio-
Jlaratorcs BioJib npsiMoit unnn. Ha pucynkax 3.7-3.10 nmpuBejieHbl rpadukn Jijist

IPEJIOZKEHHBIX MO/IeJIeH.

00 02 04 06 08 1.0
|
\‘\

| I | | | |
00 02 04 06 08 10

Pucynok 3.7 — I'pacdhuk K-K a1 nepemennoii Xil) [IpU [IPOBEPKE ITPEJIITOJIOKEHU ST

2.

[Tpexxie geM mepeiiTn K (HOPMYIUPOBKAM W NIPOBEPKE T'HIIOTE3 O COTJIACHH,
npuBeieM (DOPMYJTY «CTaHJIAPTU3AIMIy CIydallHON BeamduHbl X, MMeloleil pac-
npejesienne Beta(a, b):

B(X;a,b) 1

X*=1(X:a,b) = Bla.b) =B<a’b)/o (1 — ) tdt, (3.46)
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Pucynok 3.8 — I'pacduk K-K s X st mogetu 1.
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Pucynok 3.9 — I'paduk K-K s X st mogestu 2.

rie I(X; a, b) — perynsipuszoBantast HeroJHast beta-byukiws; B(X; a,b) — nernosaas
oera-yuknust; B(a,b) —6era-dyuknus. Nzsecrro [250], aro TpancdopmupoBaHHas

caydaiiHasi BeJIMUMHa 00J1aJIaeT CJICIYIOIINM CBOWCTBOM:
X" ~ Beta(1,1). (3.47)

Ham nonanobures ananorndnast (3.46) dbopmyna Tpancdopmanum st Cry-

YaifHO#l BeJIMUMHBI Y, oTBedalolieil cmecu OeTa-pacipeieeHmil
Y ~ p- Beta(ay, as) + (1 — p) - Beta(by, bo). (3.48)
Bsenewm cienytoiiee mpeodpa3oBaHue:
Yi=p-1(Y;ar,a2) + (1 = p) - L(Y5 b1, ba), (3.49)

torga Y* ~ Beta(l,1).
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Pucynok 3.10 — I'pacduxk K-K ms X s mogesn 3.
dopmaJsibHO, BCe HEOOXOIMMBbIE JIJIsi HAIUX IIeJieil THUIIOTe3bl COIJIACUsl MMe-
tor obmmii Bujt. Ilycrs Xy, ..., X, — 1ocijenoBaTe/IlbHOCTh HE3ABUCUMBIX OJIMHAKOBO

pacipeeeHHbIX CAydYailiHbIX BeJUYnH ¢ GyHKIueil pacupeaenenus F. Torma mpo-

BepsieTesl HyJieBasi THIOTE3a
Hy: F(z)=1(z;1,1). (3.50)

J1jist TIPOBEPKH COOTBETCTBUST BHIODOPOYHOTO PACIPEICJICHIsT TEOPETIHIECKOMY
3aKOHY OyJIeM HCIIOJIBb30BaTh KJaccuuecKnii Kpurepnii corsacust Angepcona-/lap-
qmura [251], 6asupyromuiicss na craructuke [252]:

" l2i-1 21 —1

So=-n—-2)" I F(x,0) + (1 - In(1— F(z;,0))p. (3.51)
=1

2n

YKazkeM, 9To O0O0JIbIlle 3HAYEHHUsI CTATUCTUKH S YKa3bIBAIOT Ha ILJI0XOe
coorBeTcTBUE. PacupeseneHne ctarucTuku Sq OBICTPO MPUOIMAKAETCS K ACHMIITO-

THYECKOMY DACITIPe/IeJICHIT0, nMerornemMy Bujt [253]

22,2

/OO S (47 + 1)y
X
0

_ . (3.52
P8+ 1) 85 dy- (3.52)

Z[JIH IIpaKTHUY€CKUX Heﬂeﬁ 9TO pacIIpeaec/ICHuEe MOXKET MCIIOJIb30BaTbCA IIPU

YCJIOBUH, 9TO pas3Mep Bbibopku Gosibine 5 [251].
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Haxkowerr, paccMOTpUM CXeMy POBepKH rurnore3. BosbMem mpejmosiozkenue 4.
tax kax ZW) ~ Dir(«), 1o, ncnonwsys csoiicrsa (3.20) u (3.21) pacupejesenus

Jwupuxje, MOXXHO TOJYYHUTh:

zY
-z
7 ~ Beta [ o, 32 V) | (3.53)
=2
z:12{V, .. 20 ~Beta [ oY, S oV )L =2 m -1

j=it+1

[Ipumenum K Z; npeobpaszoBanue (3.46) n mosrydmM:

. DX
Yi=1 Zl;ocg),;oc;) :
” (3.54)
Yi=I(zna", > V), =1, m-1.
j=i+1

Torya, yanteiBasi (3.47), MOXKHO ¢(DOPMYJIUPOBATH TUIIOTE3Y COTJIACUSI B CJIE-

JIYIOIIEM BUJIE:

Hy = Fi(y) = I(y; 1,1), (3.55)

rie Fi(y) — dyukiws pacupegesienns ciydaiitnoil Beuannb Y, i = 1,...,m — 1;
I(y;1,1) — perynsipusoBanHast HeroJiHas Oeta-pyHKIWs ¢ napamerpamu (1, 1).

Pesysibrarsl IpOBEPKE COMJIACHS JIJIsA JBYX IIPOBEPOUYHBIX AJIETEPHATHIE PE3Y./Ih-
TATOB PACIO3HABaHIsI TEKCTOBOI'O CUMBOJIA TIpeJcTaBaeHbl B Tabuie 11.

Kak Bujgno, npu sajganun yposHs 3nadumoct ¢ < 0,18 Her ocnoBaHuii st
OTKJIOHEHMS! IIPOBEPSIEMbBIX MUIIOTE3 [0 KPUTEPHUSIM COIJIACHSI 110 BCEM MOJIEJISIM.

Takum 00pa3oM, ObLIM OCTPOEHBLI HOBBIE BEPOSTHOCTHDLIE MOJEJH, OINCHI-
BaIOIIe PE3Y/IbTaThl PACIO3HABAHUSI CHMBOJIOB TEKCTOBBLIX I0OJIEH JOKYMEHTOB B
BUJI€0II0C/IeI0BATE/ILHOCTH. BBEIEHO MOHSATIE OTOKA PE3y/ILTATOB PACIO3HABAHMSI,
PaccMoTpenHbie MOIEI TTPETIOIAraioT, 9TO PE3yJIbTAT PACIIO3HABAHIA 3HAKOMECTa
B II0JI€ JIOKYMEHTa MOYKHO IPEJICTaBUTh B BUJE KOMIIO3UIIUN CJIYUYAHHBIX BEJNINH
1 CAYYaHHBIX BEKTOPOB. st pas/imyHbIX MPearnoIozKeHnil M0/1ydeHbl BhIpazKeHust
IJIOTHOCTEl pacrpejie/ieHnil pe3yIbTaToB paclio3HaBAHNsT 3HAKOMECTa U MPUBE/IHDI
METO/Ibl OLIEHUBAHUST HEOOXOAUMBIX IapaMerposB. st paHKuposanus Mojeseli ObL1

HCII0JIb30BaH NH(MOPMAaIMOHHBIN KpuTepnii Akanke. [IpoBeneHbl IPOBEPKM, KOTOPHIE
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Tabymma 11 — PesysbraTbl HPOBEPKU CO-
rjiacusi MojeJieit Uit JIBYX IPOBEPOUYHBIX
aJIbTEePHATHB  PEe3YyJIbTATOB PACIO3HABAHIA

TEKCTOBOI'O CUMBOJIA

AnprepHaruBa ‘ Mosesb ‘ Suavenne S ‘ p-value ‘

1,4679 | 0,1844
K> 2 0,6732 | 0,5807
0,5187 | 0,7273

1,0981 | 0,3095
«E» 2 0,5169 | 0,7286
0,1396 | 0,9992

HOJITBEPIIIN &/ IeKBATHOCTH BEPOATHOCTHBIX Mojieseii. [lomydernanie mpu Mogempo-
BaHUU IIOTOKA PE3YJIbTaTOB PACIIO3HABAHUS IIapaMeTPbl MOYKHO HCIIOJIb30BATH JIJIsi
KOMOMHUPOBAHUS Pe3y/IbTaToOB KjaacCuUKalul OJUHOYHBIX CUMBOJIOB, pellasl TeM
caMbIM 3aJlady paclo3HaBaHUs 0ObEKTa B BUIEOMOTOKE MO cxeme (3.2).
AjranTupoBaB TOT WM HHONI AJILOPUTM KOMOMHUPOBAHUSI PE3YJILTATOB I10-
KaJIDOBOI'O paclio3HaBaHUsl O0bEKTa, KOTOPBIH Obl aKKyMy/JUpOBaJl U OOHOBJISLI
Pe3yJIbTAT, JIJIsT CO3AAHMsT CUCTEMbI PACIIO3HABAHUSI B BUJIEOIIOTOKE TelepPb HEOOXO-
JINMO PEIINTh 3aa49y OCTAHOBKH IIPOIECCa PACIO3HABAHUS — T.€. 3a1a4dy ITPUHITUSI
peIeHnst O TOM, UTO IIPOIECC 3aXBaTa HOBBIX KaJIPOB MOYKHO IIPEKPATUTh 1 BHIBECTU

TeKyInil aKKyMYyJIMPOBAHHbIIT Pe3yJIbTar.

3.4 IIpobisiema ocTaHOBKHU pacio3HaBaHUS

Perrenne 3aj1a1m ocTaHOBKH IIPOIIECCa paclio3HaBaHUsi 00bEKTa B BUJIEOIIOTOKE,
B IIEPBYIO OYepe/ib, BOZHUKACT MPU HEOOXOJUMOCTH OTPAHUYUTL YHCJIO PACIIO3HA-
BaeMbIX M300parkeHuii. PaccMoTpuM, K IpuUMepy, IPOIece paclo3HaBaHUsl 00bEKTa
B BHUJICOIIOTOKE MOOMJIbHOrO ycrpoiictBa. C 0JiHOI CTOPOHBI, KaMepa MOOMILHOTO
YCTPONCTBA TIO3BOJISIET BBOJUTHL BHJEO C BBICOKOI ckopocThio. C APyroit CTOPOHHI,
MHUKPOIIPOIIECCOP MOOMJIBHOTO YCTPOHCTBA HE IO3BOJISIET PaCIO3HABaTh JIOKYMEH-
THl C TaKOi Ke CKOpocThio. Hampumep, mouTn Ha BCeX COBPEMEHHBIX MOOWIBHDBIX

YCTPONCTBAX BO3MOXKHA CKOPOCTHIO omppoBKu 30 KapoB CEKYH/Ly ¢ pa3pelicHueM
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FullHD, orako ckopocTh pacrio3HaBatisi 00pa30B CJIOKHBIX 00bEKTOB (K IIPUMEDY,
CTPYKTYPUPOBAHHBIX MIEHTH(DUKAIMOHHBIX JOKYMEHTOB) MOXKeT cocTaB/ATh o 0,3
JI0 8 KaJIpOB B CEKYH/IY, B 3aBUCUMOCTH OT IIPOIECCOPHOI apXUTEKTYPbl MOOMIHLHOIO
ycTpoiicTBa. B To »Ke camoe BpeMs B ciiydasix OTCYTCTBHUS 1e(peKTOB olnMPOBKU 1
“npoxkaHust’ pyK TOYHOE PACIIO3HABAHKE IIPOUCXOJINT Ha, IIEPBBIX ¥Ke KapaxX BUJIE0I0-
cJIeJI0BaTeIbHOCTH. Pa3ymeeTrcst, BOSMOYKHBI CJIydan, KOrJa I0C/e0BaTeIbHOCTD U3
HECKOJIbKUX OJIMHAKOBO PaCIIO3HAHHBIX KaJIPOB IIepeMeKaeTcs MHOYKECTBOM KaJIPOB,
paclo3HaHHbIX nHade. Bo3HuKaer 3a/1a4a JJeTeKTHPOBAHIS CUTYAIllNN, KOIJIa MOYKHO
C BBICOKOI yBEPEHHOCTBHIO OCTAHOBUTL HAOJIIO/IEHNE 38 pacIiO3HABaHUEM, IOJIYUINB

HAJICKHBII Pe3y/IbTaT. ITO MOXKHO Ha3BaTh 3aJjadeil orpaHnyueHnst HabJIIO/ICHMI.

3.4.1 Metoa orpaHnYeHUsI KOJINYECTBa HAOJIIOAEHUIA HA OCHOBE
AHAJIN3a MOILYJIAIAN

[TepBbIil TOAXOM, KOTOPBIIT MOYKHO MCIOJIB30BATH /I PEIIeHNs TaKO 3a/ a4,
OCHOBaH Ha aHaJIi3e IOIYJSIU Pe3y/IbTaToB paclIo3HaBaHUsS O00bEKTOB, I10JIyYeH-
HBIX Ha OJMHOYHBIX HM300parkeHusix. g dpopmanmsamnum 9Toro mojxoja OyaeM
HCIIOJIL30BATH IOHATHE IOIYJISIUN, U3BECTHOE JIaBHO U OINCAHHOE B KJIACCUIECKIX
paborax P. Bekxodepa u I11. I'ynror [254|. UHTepec k anannsy noryJisiiuii He ociabe-
BaeT 1 B Ioc/e Hee BpeMst (eM. paboTer [255—258]), X0Tst IpUMEHEHUst 9TOr0 MOIX0/1a
K MeTOJaM aHaJIim3a Pe3y/IbTaToB paclio3HaBaHUsi 0ObEKTOB B BUIEOIIOTOKE paHee B
JIUTEpaType He BCTPEvasoCh.

PaccmorpuMm mponecce pacrno3nHaBaHusi JokyMeHTa Tuia «llacmopr P®» B
BHJICOIIOC/IeJ0BATE/IbHOCTH. [IycTh 111 KaxKJI0ro OTJ/EeJIbHO B3SITOIO JOKYMEHTA
ecTb HabOp M3 N paclo3HAHbIX KajpoB [q,...,[,, ¢ M paclo3HAaHHBIMU IOJISIMU
FYL),...,F™1I;), i € {1,...,n}. Kaxjuoe noje npejicras/iser cobop Habop
snakomect FF(I) = {Alf’i, . ,Af’i}, rie i € {1,...,n}, k € {1,....,m}, a

| = [(F¥(I;)) — KoamdecTBO paclo3HAHHLIX 3HAKOMECT B 1oJjie (ec/m moje He pac-

ki
q

13 KUPUJLIMIECKOTo ajidpaBuTa U ONEHKN HaJIEXKHOCTH Paclio3HABAHUA wlq“’Z € [0,1].

IIO3HaHO, paBHO H}UHO) Kamﬂoe 3HaKOMECTO AI;’Z COCTOUT M3 KOJda CHUMBOJIa S

OrneHKa HaJIe?KHOCTH OOBIYHO Da3upyeTcs KaK Ha OlleHKe ITPUHAJIICYKHOCTH K KJIaccy,
olpeIe/IeHHY IO KJ1acCH(PUKATOPOM, TaK U Ha (paKTopax, allpuOPHO 3aTPYIHSIONINX

pacro3HaBaHne, HAIpUMED, Ha JleTeKTopax JedekTos onndposku [239)].
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Bo3MOXKHO TakzKe IIpeACTaB/IeHne 3HAKOMECTa B BHUJE AJbLTEPHATUB, TO €CTh
B BUJIE YIOPSJ0YEHHOIO HAOOPa OLEHOK COOTBETCTBUSA BCEM CUMBOJIAM ajiaBuTa,
pacrosHaBanus. B TakoM IpeJCTaBIeHUN MMEET CMBICJ PACCMATPUBATDL MEPBLIC U
IpaBUILHBIE AJILTePHATUBLI, TO €CTh aJLTePHATUBLI ¢ HAMOOJIbIIeH OEHKON U ajlb-
TePHATUBLI, COOTBETCTBYIOIIE U3BECTHOMY 3apaHee HPaBUILHOMY KOJY CUMBOJIA.

PaccMoTpuM CJIeyIonyIo IOCTAaHOBKY 3aJaui PACIO3HABAHUS OJHOTO II0JIA
F* BueonocienoBarebHocTH. J1Jis MOCIe10BATEIBHOCTH KaIPOB BHICONOCIC10BA-
TesibHOCTH 1, . . ., I, COOTBETCTBYIOIIEIO OAHOMY JIOKYMEHTY, JIJIsi KOTOPOIO 3apaHee
M3BECTHO COIEPKUMOE I0JIel, paCIIO3HAETCsl 00pa3 TEKCTOBOIO IMOJIS Ha KayKJIOM
13 KajipoB. [To pesysbratam pacrnosHaBanus Ha Kaxkaom xagpe FF(Iy), ..., FF(I;),
T.c. 110 HabOpaM 3HAKOMECT Alf’i,...,Af’i, e i € {1,...,n}, I = I(F*)),
CTPOUTCA KOMOMHUPOBAHHLII pe3y/ibTar, T.e. KOMOMHUPOBAHHLIH HAOOD 3HAKOMECT
A¥ oo AR TIpepnonoxkum, uTo B HAGOpe PACIO3ZHAHHBIX KaJPOB CYHMIECTBYIOT Ta-
Kue Kajapbl [; u I;, juist Koropeix B moje FF cobnajaer KoJuuecTBo 3HAKOMECT

* = I(F*(I;)) = L(F*(I;)) u juist Kax/10ro 3HaKOMECTa BBIIOJIHSIETCsl PABEHCTRO:

ki k,j *
sy =80 q€e{l,..., "} (3.56)
O6osmaunm uepes J = {1,2,...,51} MHONKeCTBO Beex HHIEKCOB Kajpos,

JUIS KOTOPBIX COBIAJAIOT KOJbl CHMBOJIOB JIS KaJZKOTO 3HAKOMecTa B mose FF
T.e. BoIoJHsIeTCs (3.56). O6beMHIM PE3yJIbTATHl PACIIO3HABAHMUS TIOJIST J[JIsT TAKUX
Ka/IPOB B COBOKYIIHOCTB CJIeJyfoIM obpaszom. Obo3HATNM s’; = s’;’j , g ) € Jm
qgel,...,l*. Copokynnocrs G = {{s’f, w]f’j,j eJ}, ..., {s]f,wlf’j,j € J}} HA30BEM
nonyJsiiueit, a [* = [*(G) — oobemom momystsiyn. OUeBUIHO, ITO [T KOHKPETHOT
BI/IEOTIOC/IE/I0BATETLHOCTI MOYKET ObITH IOJIydeHa KaK OJIHA €JIMHCTBEHHAST TTOITYJIs-
nnst G, tak u na6op momyssmuit GO, L. G

Mo2KkHO ompeie/InTh HECKOJIBKO MoKa3aTe e, XapaKTepu3yIoNnX HalesKHOCTh

pacClioSHaBaHUAd KaJdpOB, BXOAAINNX B IIOITYJIALINIO:

*

_ : k.j
Rl—l—H 1—151:1{11%] : (3.57)
jeJ
" ‘
Ry=1-]](1-]]wi’ | (3.58)
jeJ qg=1

Z[aﬂee pPaCCMOTPHUM IIOCJIEJOBATEJILHYIO 06pa60TKy IIOCTYyIIaromnX pacCIlIO3HaH-
HBIX Ka/JpPOB. ITocjie oTHeceHMsT 049€epeaIHoro paciio3HaHHOI'o Ka/lpa K COOTBETCTBYIO-

el Oy BBIYUCIUM JIJIst KaxKI0 13 TOIYJISIUil KaKOi-11b0 13 rmokasare/ieii
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(mampumep, Rp) U MOCTPOUM BapUAIMOHHBII Dsijl R’f = .2 le” . Boeruncienns
IpeKkpanaloTcd B cjydae, KOrJia BLIITOJTHEHO HECKOJbKO YCJIOBUIl, MCIOJIb3YIONINX
3apaHee 3aJlaHHbIe TOPOTU Y1, Y2, N3:

1. Rl — R >y,

2. le > Yo,

3. 00beM TOMYJIANNNA ¢ WHJIEKCOM 71 TTPEBOCXOTUT N3.

B kadecTBe HAMIYUIIEro pesyabTrata OepeTcs MOMyIanud ¢ nHjaekcoM ¢1. JLms
psiia, COJIEPKAIIETO TOJBKO OJIHY TOIYJISINIO, TTPOBEPSETCS BBIIOJHEHHNE JIBYX I10-
CJIEJHUX YCJIOBUIL.

Taxkum obpaszom, Bech HAOOP KaIpOB MOXKHO pas3OUTh Ha MOIYJISAINN, 1, BhIOpaB
HAMTY Uy IO TOMYJIATAIO, YOBJIETBOPAIONLYIO YCJIOBUAM 1-3, OrpaHIInThL 00beM Ha-
OJITOJIEHUIT 38 TOCTYIAIONIIMEI KaIPAMHU.

[IpoBepuM 1pe I IOYKEeHHBII aJrOPUTM OrpaHUYueHns HAOJIOeHUIT Ha TECTOBOM
HabOpe JAaHHBIX C XOPOIIUM U CPEJIHIM KadeCcTBOM BUJle0ChbeMKH nacoptoB PO, T.e.
BI1JIEOIIOCJIE/I0BATEILHOCTH MOT'YT UMETh He3HAUNTEIbHbIE JledeKThl. Habop cocrosti
u3 50 BujeonocaeoBaTebHOCTE 00beMoM oT 17 110 50 KaipoB. AHAIN3UPOBAIOCH
pacriosuaBanne cemu mojeir (PVO, HOMEp 1 cepusi macmopra, Jgata U MECTO POZK-
JIeHHst ), OJIHO ToJie (MeCTO POXKJIEHNUST) COCTOSIIO M3 HECKOJIbKUX CJIOB, OCTAJIbHBIE
MOJIT — W3 OJIHOTO CJIOBA.

st oleHKN TpeJIJIOYKEHHOI'0 aJITOPUTMa OI'PaHNIeHus HaOIIOAEHUN UCIIOJb-
30BaJIOCh J[BE XapaKTEPUCTUKU:

— MOYHOCMb PACTIO3ZHABAHUS BUJICOMIOCIEIOBATETHHOCTHI ¢ OTPAHITIEHEeM 00b-
eMa HaOJIOJIEHNi, onpejessemMas Kak JI0Js pe3yJbTaToB paclo3HaBaHusd,
COBITQ/IAIONINX CO 3HAYEHUEM I10JIsT, TTOJYUCHHBIM B OTCYTCTBUU 00PabOTKM
BCell BUJIEOIOC/Ie/10BaTeIbHOCTH €3 orpannyenns HabJII0/IeHnil;
— WUCAO Kadpos, HEOOXOINMOE JIJIi OCTAHOBKH aJIrOpUTMA.
B Tabsmie 12 npuBesennsl yepeHeHHble XapaKTepUCTUKN aJrOPUTMa Ha TeCTO-
BoM Habope. st kpurepueB Ry u Ry XapaKTepUCTUKHI aJlOPUTMa IPAKTUIECKH He
OTJINIAIOTCS, YTO O0bACHICTCSA JJOCTATOUHON TOTHOCTHIO PACIIO3HABAHUS TTOCICI0BA~
tesbrocTeit F¥(1;) ¢ moMompbio MexaHu3Ma HeHpOHHBIX ceTeil. B 0CHOBHOM OmNOKH
IIPEJICTABJIAIOT COOOI CIydan OTCYTCTBUS TPABUILHBIX PE3Y/ILTATOB PACIIO3HABAHUS,
a TaK»Ke ONIMOKU MOMCKa I'PAHUIL 1oJsd. TakuM obpa3oM, MpeIoyKEeHHbBIN aJropuTM
JIa€T XOPOTIYIO TOYHOCTH Ha JAHHDBIX C OTPAHMYEHUSMHI 110 KAUYECTBY PACITO3HABAHUSI.

U3 Tabmmnpst 12 BUjHO, 9TO pa3zpabOTaHHBI aJTOPUTM TEPIINT CYIIEeCTBEHHBIE

Heya4un pu 00paboTKe CJIOKHBIX TOJIElH, COCTOSIIINX 13 HECKOJILKIX CJIOB. B Tab/n-
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Tabnuna 12 — XapaKTepucTuku ajJropurMa ¢ Kpurepusmu Ry n

Ry
Hore | Kpurepnit R, | Kpurepuit Ry |
| Tounocts | neno kaapos | Tounoers | Uncito kaapos
| Dt 099 | 5AT| 097 | 7,34 |
| Vnt | 0,99 | 4,59 | 1,00 | 5AT |
| Orecteo | 0,99 | 4,91 | 1,00 | 5,34
| Cepns macmopra | 0,97 | 3.78 | 097 | 5,84 |
| Homep mactopra. | 0,99 | 3,68 | 0,91 | 4,00 |
| Jara posaermms | 0,96 | 434|097 | 3,16 |
| Mecro posernms | 0,91 | 8.87 | 0,85 | 9,41 |

Tabauna 13 — IIpumep BapualmoHHOrO psijia, JJIsl 110-

CTPOEHHBIX MOIYJIAINIT

‘ Homynamua G ‘ I*(G) ‘ Ry ‘ Ry ‘

| T.TEHBAN9 EH3EHCKO/OB 2| 0730|0842 |

| T.TEH3A-19 NEH3EHCKO/I0B1 3] 01270318 |

| T.TEH3A-19 NEH3EHCKO/0BI 1| 0,095 | 0,322 |

| T.TEH3A-T9 NEH3EHCKO/I0B1 3] 0,058 | 0276 |

| T.TEHBA-N9 1M11BEH3EHCKO/OBL 1]5-107% | 0,083 |

|
|
|
| T.TEH3A-N9 NEH3EHCKO/0BI 1] 00920417 |
|
|
|

| T.TEH3A-I9 TI1BEH3EHCKO/OBM1 22107 | 0,039 |

| T.NEH3A-NI9 1ME1BEH3EHCKOMOBNL | 22 | 1107 | 0,113 |

| T.TMEH3A-N9 1ME1BEH3EHCKOMOBMI | 6 | 0,000 | 0,049 |

e 13 npuBejieH BapualMOHHbIN PsiJl JIJIsT TTOCTPOEHHbBIX HOIYJIAINN /Il 101 «MECTO
POXKJEHUSI», KOTOPOE MOXKHO OTHECTU K TAKOMY KJIACCY.

st Takux cjaydaeB MOXKHO pa30UBATh I1I0JIsI Ha OTJE/IbHbIE CJI0Ba C IIOC/Ie-
JyIoIieil KoOHKaTeHalnell BIOpaHHbIX HAMIYYIINX IIONYJSINi B KadecTBe Pe3Y/ib-

TaTa. HpI/I TaKOI MOILI/I(bI/IK&U;I/II/I aJITOpUTMa TOYHOCTL IIOBBIIIACTCA H0O 3HAYCHUIT

0,97-0,98.
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OnucaHHbI 110X0J IIOCTPOEH Ha (POPMYJIUPOBKE ITOCTAHOBKH 3aJiadil 00
OCTAHOBKE PACIO3HABAHIS KaK 3a/1a91 OrPaHnIeHNsI HabJIIoIeHnit 1 0bJIaaer 10cTa-
TOYHOI YHUBepCcabHOCTBIO. C APYroil CTOPOHBI, €ro HEeJIOCTATKOM JIJIsI IIOCTPOEHHUsT
CHCTEM PaCIO3HABAHUS MOYKET ObITh HEKOTOPast CJIOZKHOCTD B II0I00P€e ONTHMAIBLHBIX
3HAYEHWI HACTPAMBAEMBIX TTApAMEeTpPOB (IIOPOTOB Y1,Y2, N3). B ciemyiomem pasese
OysileT pacCMOTPeH JIPYToii MOAX0/] K PEIIeHno 9TOM 3a/aui KakK K 3a/1a9e COBMECT-
HOIl ONTHMHUBAINN O0Iero (pyHKIMOHAJA, BKJIOYAIONIEIO0 B cedsd KaK OXKUIAeMYIO

OIMMOKY paclo3HaBaHUs, TaK W OXKIJIAeMOe KOJNIECTBO 00PabOTAHHBIX KaIPOB.

3.4.2 MeTO,Z[ IIoCJIeJOBATEJIbHOTI'O IIPUHATNA pelreHnsd Ha OCHOBE
MoaeJIMmpoBaHnd CJIeAYyHoIIero KOM6I/IHI/Ip0BaHHOI‘O pe3yJibTaTa

Jpyroit moaxoa K PeIIeHUIO 3aJa4did OCTAaHOBKH IIPOIIECCa pe3ysbraTa pac-
MO3HABAHUs IBJIsIeTCst paccMmoTperne 3agadn (3.10) Kak 3a1ady ONTUMHU3AIIN
dyHKIIMOHAJIa B IIPOIlecce I0C/IeI0BaTe/IbHOTO puHATus pertenus. [lycts X o6o-
3HAYAET MHOYKECTBO BCEBO3MOXKHBIX 3HAUCHUIT pe3y/IbTaTa paclio3HaBaHUs 00beKTa.
K npumepy, B ciaydae 3aja4dn KiaaccuduKalul OJUHOYHOIO 00beKTa MHOZKECTBO X
MOXKHO IIPEJCTaBUTh KaK MHOYKECTBO BCEBO3MOXKHBIX OTOOParKeHUI U3 MHOYKECTBA,
K/jaccoB C' B MHOYKECTBO OIIEHOK IIPUHA/JIE’KHOCTHU, B CJIydae 3a/1adl paclo3HaBaHUsI
TEKCTOBOIl CTPOKM — KaK MHOXKECTBO BCEBO3MOXKHBIX KOHEUHBIX I10C/Ie10BATE/ILHO-
creil Takux orobpaxkenmit. ObozHaunM 1o x* € X MCTUHHOE 3HaYeHHE OObeKTa.
[Tycts Ha MHOXKecTBe X 3ajlaHa METPUKA P Tak, 4TO paccrosiaue p(z, x*) orpaxkaer
XapaKTepPUCTUKY OIIMOKM pe3y/bTara T paclo3HaBaHust oO0bekTa. B KadecTBe mpo-
creiileil METPUKU P MOYKHO PACCMOTPETb METPUKY TOUHOI'O COOTBETCTBHUSI:

0, ecima=b;
p(a,b) = (3.59)
1, ecoma #b.
PaccmorpumM mporiece paciio3HaBaHUs B BHJIEOIIOTOKE KaK II0C/Ie/I0BaTe/IbHOE

HaOJII0/IeHe CJIYYallHbIX Pe3y/IbTaToOB pPaClO3HABAaHUSA OJMHOUYHBIX H300parKeHui

X1, Xo,..., OIMH pe3yJbTaT 3a OJWH INar IIPoIecca TaK, 4YTO KaxKJoe HabJIro-
neane x; = r(li(z)) € X samaserca peanmsaiumeit X;. Bymem cuamrtarh, 4TO
X1, Xo,... IMEIOT OJMHAKOBOE COBMECTHOEe paclpejieseane ¢ x*. B kadecTe pe-

3yJIbTaTa PACIIO3HABAHIS BHIeoNoC e0BaTeprocT R(™ Gy1em canrarh pesyibrar
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Kombunnposanus F™ (21, 25, ..., x,), TEM caMbIM PACCMATPUBAS CXEMY PACIO3HA-
Banns (3.2) ¢ ToxecTBeHHON (yHKIMEH BBIGOPA S.

[Iponecc pacmosnaBaHusi MOYKET ObITH OCTAHOBJIEH Ha JI0OOM Tmare n > 0
¢ HekoTopoit dyukmeit mrpada. Pyaxiws mrpada, coorBercTryiomast (3.10),
nepeOpMyINPOBaHHAST ¢ TIOMOIILI0 MeTpuki P (3.59), BbIparKaeTcs CJIey oM

obpa3oM:

L, =we+ (w, —w,) - (1 — p(F(")(xl,xg, ey X)), ) Fwsen =
= W, + (we — wc) . p(F(n)(ﬁCl,l'Q, ce ,an)),l'*) -+ wf ‘N, (360)

rjie n — HOMEp Ilara, Ha KOTOPOM OBLJI OCTAHOBJIEH ITPOIECC PAaCIO3HABAHUSA, W, —
CTOMMOCTb BBOJIa OIIMOOYHOTO pPe3yJbTaTa, W, — CTOMMOCTb BBOJA KOPPEKTHOI'O
pesyJibTaTa, Wy — CTOMMOCTD PACIo3HaBaHuA OHOIO Kajipa. CTouT o0paTuTh BHUMA-
HUE, YTO B TaKOM ITOCTAHOBKE B KAUECTBE METPUKU P He 00si3aTeIbHO UCIO/Ib30BaATh
METPUKY TOYHOrO coorTBeTcTBus (3.59), HO U JApyrre METPUKI, K IIPUMEPY, METPUKY
Jlesenrreiina [235], ec/in 00bEKTOM paclo3HABAHUS SBJISETCS TEKCTOBAsI CTPOKA.
[IpaBrio ocTaHOBKM MOXKET OBITH IIPEJACTABJICHO KaK CJydaiiHas BeJIMITHA
N (C.quaﬁﬂmﬁ MOMEHT OCTaHOBKM), pacupe/iesieHne KOTopoil 3aBUCUT OT BXOJ[HbBIX
HaOJII0/IeHnii. 3ajilada COCTOUT B BBIOOpE IIpaBm/ia OCTAHOBKH, JIOCTABJISIONIEIO MU-

HUMYM (QPYHKINOHATY OXKHJIAEMOTO YOBITKA!
V(N) =E(Ly(X1, Xo, ..., XN)), (3.61)

riae E(-) obosHauaeT MareMaTHIeCKOe OYKIUJIAHIE.

OcobbIM  KJIACCOM 3ajlad  OCTAHOBKW SIBJIAETCS KJIACC MOHOMOHHML 3a-
Jad, omnpejessieMblii  ciaegayoomuM  obpasom. Ilyers A, obosHauaer coObITHE
{L, <E,(Lpt1)}, tae non E,(X) nompasymeBaercst ycJIoBHOE MaTEMaTHIECKOE
oxmianre E(X| Xy =x1,..., X, = ;). 3aja4a 0CTaHOBKH Ha3bIBAETCS MOHOTOH-
HOi1, ecyin BoimosiHsietcst Ag C A1 C A —2 C ... (T.e. ecin cobbiTHE A, TPOU3OIILIO
Ha I1are 7m, TO COOTBETCTBYIONHE COOBITHST A,i1, Apio, ... TaKKe TPOU30UIYT).
J1J1s1 MOHOTOHHBIX 38/1a9 OCTAHOBKH € KOHEYHBIM TOPH30HTOM (T.€. €CJIH CYIIeCTBYeT
HEKOTODBII AT Nypay, HA KOTOPOM IPOIECC 00sI3aH OCTAHOBUTHCST ) OMTUMAJIBHBIM 1B
JiseTcst «OJIM30PYKOe TPAaBUJIO OCTAHOBKN», OCTaHABIMBAIOIIEE IIPOTIECC Ha Iare n,
ec/in Tekylee 3Havdenne GyHKIUN YObITKA He MPEBOCXOUT OZKUIAeMOro 3HAUEHUs]

yOBITKa IpU OCTAHOBKE Ha Iare n + 1:

N*=min{n >0: L, < E,(L,1)} (3.62)
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CdopmympyeM ciemyioliee TpedboBatne K ceMeficTBY (pyHKINT KOMOUHUPO-
Banmst F("): ozkiiaeMoe paccTosTHIE MEKLY [BYMsI COCEIHIMI KOMOMHIPOBAHHBIMIL

pe3yJjibTaTaMi pacCllO3HaBaHMA HE BO3pacCTa€T CO BPEMECHEM:

E(p(F(”)(xl, e X)), F(”H)(xl, ey Tpg1))) 2
> E(p(FU" Y (2, .. 2pi), F 2 (2, .. 2pys))) V> 0. (3.63)

[Tosb3ysiCh TAKNM TIPE/IIIOIOKEHTEM O ceMeiicTBe (DyHKINT KOMOMHIPOBAHST
F) Moo nokasars, urto 3ajada ocranosku (3.61) ¢ dynximeii yonirka (3.60)
CTAHOBUTCS MOHOTOHHOI, HAUMHAS ¢ HEKOTOPOTO Iara. JleifcTBuTeibHO, 0603HAINM
qepes B, coobrtue {E, (p(F™ (zy, ... x,), F" ) (21,.. ., 2001))) < wy/(we —w,)}
1 PACCMOTPUM 3a/1ady OCTAHOBKM, HAUMHAs C Iara n, Ha KOTOpoM cobwbitne B,
BriepBbie ponsonio. Cobbitus A, paccMaTpuBaeMble B YCJIOBUH MOHOTOHHOCTI,

IIPUHUMAIOT CJIeYIONN BUJI;

Ay A{we + (we —we) - p(F™ (21, ..., 2,),27) +ws-n <
< we + (we — we) - Ep(p(F™ ™ (2, ..., Xp1),2) +wy - (n+ 1)} =
= {p(F™(21,...,2,),2°) — Ep(p(F" V) (zy, ..., Xpia), 2)) <
< wp/(we — w)}. (364)

[Ipu dpukcupoBaHHOM X*, Ha IIare n, MOJb3ysACh HEPABEHCTBOM TPEYTIOJIbHI-
Ka, MOYKHO IOJIyYUTh COOTHOIIIEHUE MEeXK/Iy PaCCTOSHUEM OT TEeKYIIero pesyJibraTa
pacro3HaBaHus JIO UCTUHHOT'O 3HAYEeHUs, OXKUJIAEMbIM PACCTOAHUEM JI0 pe3yJibTaTa
Ha CJIeJIYIOIIEeM Iare 1 OKHUJIaeMbIM pacCTOsTHUEM OT CJIeJIYIONIEero pe3ysbTaTa Jio

NCTUHHOI'O 3HaAYCHUNA:

o(F" (1, ... z), 2%) < Bu(p(F" (21, .. 2), FO D (4, X))+
+Eu(p(F™ D (@, .., K1), 7)) =
= p(F™(z1,...,2), ") — Ep(p(F" (2, ..., Xns1),2%)) <
< En(p(F™ (2, ... an), F"V(zy, ... X 1))). (3.65)

Eciu  mpaBasi 4actb  HepaBencTBa (3.65) He TpeBbIaeT KOHCTAHTHI
wy/(we — W), TO U JieBas 4aCTb TaKXKe He LPeBbIIAeT wy/(we — W) H, Clejo-
BATEJILHO, €CJIH MPOUCXOAUT coObiTHe By, To n cobbitne A, (3.64) Takxke IOJIKHO
nipousoiitu. CortacHo npenosoxkennio (3.63), ecu cobbiTne B, mpousoiiser, To u

cobwiTHe B, 1 TakxKe npousoiijget. Takmm odopazom, Vn > 0: B, C A,AB, C B,i1.
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I3 sToro cieayer, 9To HaUYMHAsS C IIara 1, Ha KOTOPOM coObIiTHe B, IpOon30-
10 BIepBble, coObituss A,, A1, Apio, ... TakyKe IPOM3OMIYT, a 3HAYNT 3a1ada,
OCTAHOBKH MOYKET PaCCMaTPUBATHLCA KaK MOHOTOHHAS 3ajada, HaulHasg ¢ 9TOrO Ila-
ra, 13 9ero B CBOIO 0UepeJib CJIeyeT ONTHMAJIBHOCTD «OIM30PYKOro pasuiay (3.62)
CpeJin BCeX MPaBUJI OCTAHOBKH, JOCTUTAIONINX Iara n (B cjiydae, ecin 3ajada nMe-
eT KOHEYHBII TOPU30HT).

PacemorpuM Teneps IpaBiio OCTAHOBKH, cpabaThIBaIOIIee B CIyUae, eCJIN IPo-

N30ILJIO coObITHe B,:

Ng=min{n >0: A, € E,(o(F™ (z1,...,2,), F"V(z1,..., Xps1))) <
<wy/(we —we)}. (3.66)

Ecim npasuio Np ocraHaBIMBaeTcst Ha IIare n, To U «OJIN30PYKOe MPaBUIO»
(3.62) ocTaHOBUTCS HA STOM IAre, a 3HAYUT ITO PEIIeHUe SBJISETCS ONTUMAJb-
ubiM. Bostee Toro, ecom p(F™ (2, ..., x,), 2*) = E(p(FO ) (2, ..., Xi1), 2%)) >
wy/(we —we), TO IpaBuIo Np He OCTAHABJIIBAECTCS, TAKXKE KAK I OLTUMAJIbHOE IIpa-
Busio (3.62). CrieloBaresibHO, B CIydae, ecyn npejno/ioxkenne (3.63) BepHO, MpaBILIO
Np HEKOI/Ia He OCTAHOBHUTCSI PaHbIIe BpDEMEH! 1, €CJIN IPaBUJIO TpebyeT 0CTaHOBKI,
TO peleHre 06 OCTAHOBKE ONTHMAJBLHO.

Tem cambiM, J1JIsT HOCTPOEHHUSI AJITOPUTMAa OCTAHOBKH IIPOIECCa PACIIO3HABAHNUSI
¢ dyuknueii yobiTka (3.60) MOXKHO UCIIOJIB30BATD CJICTYIOMIUN MTOXOI:

1. OmeHnTh OXKHJAEMOE paccTossHue A, OT TeKyIIero KOMOMHHPOBAHHOT'O
pesyJibTaTa Paclo3HaBaHus 00beKTa /10 (HEM3BECTHOIO) CJIEJIYIOIIEro KOM-
OMHIPOBAHHOTO PE3Y/IbTaTa;

2. Pemenne 06 ocTaHOBKe Ha Imare n NPUHUMATH IIyTEM ITOPOIOBOIO OTCEYe-
HIST PACCTOSIHIS, OIEHEHHOTO B IIyHKTe 1, TaKUM 00pa30M AIllIPOKCHMUPYSI
nosejienne npasuia Np (3.66).

Cxema 110j1X0j1a IpeJicTaBaeHa Ha pucyHke 3.11.

B kadgecTBe 0IHOIO U3 CIOCOOOB ONMEHKI OYKUIAEMOTO PACCTOSTHUS A\, MOYKHO

[IPOM3BOINTH MOJICJIMPOBAHIE CJIEAYIONIEro KOMOMHUPOBAHHOTO Pe3y/IbTaTa, MCXO/IsT
13 IPENoJIOKeHNsI, 9T0 HoBoe HabsojeHne X,.1 = Tp.1 Oyaer OJM3KO K yiKe

IOJIYYEHHBIM Ha IIPEAbIAYIINX IIarax Ha6ﬂIOﬂeHHHMZ

1
n—+1

~~
~

n

o+ Z o(F™W(xy, . ay), F" (. wn,x)) | (3.67)
i=1

riae 0 — HacTpauBaeMbIil Iapamerp.
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Pucynok 3.11 — Cxema MeTo/1a OCTAHOBKHU IPOTIECCA PACIO3HABAHUSA: OICHKA OXKI-

HdaeMOI'0 pacCTOdHMA OT TEKYIIEI'O KOM6I/IHI/IpOBaHHOFO pe3yiibTaTa A0 CJACAYIOIIEro.

JIpyrumM BO3MOXKHBIM CIIOCOOOM MOJIEJIMPOBAHUS CJIEIYIOIIEro KOMOMHUPOBaH-
HOT'O Pe3yJibTaTa JIJId CJlydaeB, Koraa 00beKTOM pacIo3HaABaHUS SIBJISIETCsT TEKCTOBAasI
CTPOKa, SBJIETCd TpejicKa3aie 3HAUYeHnil OMeHOK MPUHAIEXKHOCTH KaryKJI0H ajTb-
TepHATHUBbLI KayKJ0T0 3HAKOMECTa PACIIO3HABAEMON CTPOKHU, CXO/Id N3 HAKOILIEHHBIX
HAOJII0JIEHNIT, ITyTeM IOMCKa IapaMeTpoB pacipejesieHust upuxie mim aHajaoroB
(omupasich Ha pe3y/IbTAThI, OMUCAHHBIE B pasjese 3.3.2).

Ob6paTtuM BHUMaHHE, YTO MPABUJIO OCTAHOBKH B paMKaX OIMCAHHOI'O II0JIXO-
Jla MOXKHO BBIPa3UThL U B 3aja4e, y KOTOPOil CTOMMOCTBIO 00J1a/laeT HE OUYepeHoe
HabJoienne (Kak B 3ajade (3.10) crouMocTh pacro3HaBaHUs OJHOIO KaJjpa UMeeT
BeJIMYNHY W§), & eJuHuIa BpeMeHn. [IycTs wy — cromMocTh 11POJI0JIKEHUs IPOIIECCa
pacrio3HaBaHusI Ha OJIHY €JIMHUITY BpeMeHH. Kak ObLI0 olncaHo paHee B Iojpas/iesie
3.2.2, myctb I;(x) — mzobpazkenune 00beKTa &, 3aXBAYCHHOE B MOMEHT BPEMEHH f, 1
T'(t) — MOMEHT BpeMeHH, B KOTOPBIH MOZKeT ObITh MOJIYIeH PE3Y/IBTAT ero Pacio3Ha-
Banust. Torga, no awasorun ¢ (3.60), dyskuus mrpada Ipu OCTAHOBKE B MOMEHT

Bpemenn 1'(t) mpuHEMAaeT CJIeIYIOMUil BUI:

Lt = W, + (UJe - wc) . p(F(n)(I0,$T1(0)7$T2(0), ce ,l't)),il}'*> + wy - T(t), (368)

TJI€ T, TT1(0), LT2(0); - - - » Lt — IOCJIEJJOBATE/ILHOCTD PE3YJIBTATOB PACTIO3HABAHIST 00b-

eKTa Ha U300parkKeHusIX, 3axBadeHHbIX B MoMenThl Bpemenn 0, T1(0), T2(0), ..., t.
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AnanornanbiM 06pa30M MOCTPOEHHOE TIPABIIIO OcTaHOBKE (3.66) ¢ dyHKImeit

mrpada (3.68) npuHUMAET CJIeyIOmnil BII:

Tp =ming T(t) >0 :

: Er (p(F" D (o, m71(0), - - - 20), FT O (g, 2010, - ., X)) <
wy - E A
Lo (1) (A7) (3.60)
We — W,

rie T'(t) — MOMEHT BpeMeHH, B KOTOPbIil Oy/IeT JI0CTYIIeH Pe3y/IbTaT Paclo3HABAHUSI
1300payKenus, 3aXBadeHHOr0 B MOMEHT t; Epq)(+) — ycioBHOe oxKmjianue B MOMEHT
Bpemenn T'(t); n(t) — KoaudecTBO N300pazKeHNii, 3aXBaICHHBIX K MOMEHTY BPEMEHN
t smounTensno; Epg (Apy) — okugaemoe B Moment spemenu 1'(t) Bpems, Ko-
Topoe OyJIeT 3aTpaueHo Ha pacrosHaBanue uzo0paxkenns Ipg(r), 3aXBadeHHoro B
momeHT Bpemenn T'(t).

[IpoBeseM 3KCIEPUMEHTAILHOE HCCICIOBAHNE METOJa OCTAHOBKH Ha OCHOBE
npasuia (3.66) Ha mpuMepe 3aJaun PACIO3HABAHUSI TEKCTOBBIX TOJIEH JTOKYMEH-
TOB, YIOCTOBEPSIONINX JIUTHOCTD, UCIIOIL3Yd OTKPBITHIE TakeThl ganabrx MIDV-500
[207] © MIDV-2019 [208]. Ucxo/mbie pe3yabTaThl paco3HaBaisi TeKCTOBBIX M0l
OJIYIMM TIPH TTOMOIIH MeToa [236], 1 B KadecTBe MeTO/[a KOMOMHUPOBAHUS MEZKKA/T-
POBBIX pe3y/ibTaToB OyeM ucrnosb3oBaTh Mero; ROVER, [234]. B kauectse meTpuku
p OyJleM HCIIO/IB30BAaTh HOpMAaJIM30BaHHOe paccrosiiue Jlesenmreiina [235].

Crout obpaTuTh BHEMAaHUE, 9TO KaK METOJ Ha OCHOBE aHAJM3a IOIYJISIN,
OLIMCAHHBII B HPEABIIYINEM pasje/ie, TaK U MEeTOJ| Ha OCHOBE MOJIEIUPOBAHUS CJIe-
JYIOIIEro KOMOMHIPOBAHHOIO pe3yJibTaTa, 00J1a1at0T PsIoM apaMeTpoB (IOporos)
IPUHATUS pellennsd. B Meroe anainsa moiyisiiuii 3To Hoporu Y1, Ya, N3, & B METOe
MOJIeJIIPOBAHUS CJIEJYIOIIEr0 Pe3y/IbTara — I0por wy/(we — W), ¢ KOTOPBIM CPABHU-
BAETCs OICHKA OXKUIACMOIO PACCTOSIHUSL JI0 MOJEJIUPYEMOrO pe3y/ibTaTa, KOTOPLIX,
XOT¢ 1 BhIPazKeH MCXOJIsl N3 MOCTAHOBKHI 33J1a491, Ha IPAKTHKE MOKET BapbUPOBAThL-
Cs1, HOCKOJIbKY 3HAYEHUs] CTOUMOCTU OMINOOK We, W, U Wf He BCErJa MOIYT ObITh
CTPOrO OIPEIC/ICHD.

st cpaBHeHUsI ONUCAHHOIO METOJa M METOJa Ha OCHOBE AaHAJIN3a IOIYJIs-
i, OIUCAHHOIO B IIPEJIBIAYIIEM HOApasie/ie, IOCTPOUM TaK Ha3bIBAEMbIe Npodiuall
aperxmuerocmu, OTparKalolye, B JAHHOM CIydae, COOTHOIICHNE MEXKy CpejHeil
ommMOKOIl pacrnosHapanus 0ObLEKTa U CPEJAHUM KOJIMYECTBOM HCIO/IL30BAHHBIX Kal-

POB IIpN BCEBO3MOZKHBIX 3HAYCHUAX ITOPOI'OB.
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Obosnaunm  kKak Nex [OPaBMJIO OCTAHOBKM Ha, OCHOBE METOJa aHa-
JIN3a  IMONYJIANMI, ONMCAHHOTO B  IPEIbLAyIIeM Iojapasjese, B  KOTOPOM
HOMYJIAIIMA  COOMPAIOTCS  Ha OCHOBE WCXOJHBIX PE3YJILTATOB  PaCIO3HABAHUS
r(L(x)),r(Ix(x)),...,r(I,(x)), a makxke kak Ncgr — ero MojudUKanuo, B
KOTOPOIl MOIYJISIIIE COOMPAIOTCS Ha OCHOBE KOMOMHUDPOBAHHBIX PE3YJIbTATOB
FO (1)), FO (L), 1(1a(@)); .., FO (@), .., (L))

Ha pucynkax 3.12 u 3.13 upejcranienbl npoduin 3PeKTUBHOCTH ITPABII
octaHoBKU Ncx 1 NcoRr, IPUMEHHTEIBHO K 3a/iade PACIIO3HABAHIS TEKCTOBBIX I10JIeil

n3 naxkeros jgaHubix MIDV-500 1 MIDV-2019 coorBeTcTBEHHO.

CpenHee HOpM. paccT. JleBeHLWTENHa CpefgHee HOpM. paccT. JleBeHLWTeNHa
01l 01l -
(10, 0.16) o Neg (10, 0.16) o Ney

010 | 0.10 -

0.09+ 0.09

0.08+ 0.08 |-

0.07 0.07 -

0.06 2 4 6 8 10 12 14 0.06 2 4 6 8 10 12 14

CpefgHee KOIMYeCTBO Kagpos CpenHee KONMYECTBO Kagpos

Pucynok 3.12 — IIpodum schdbexkrusroctn mpasuit octanoBku Neg (cieBa) u Nex
(ctipaBa) JJ1s pacrosHaBaHUS MOJEH MACHTHMUKAIMOHHBIX JIOKYMEHTOB M3 ITaKeTa,
nanabix MIDV-500, Toukamu 0003HaUYeHbl pa3/IndHble BAPUAHTHI 3HAUEHUIT I0POroB,

CILJIOIIHOI JINHUEeH BbIJIeJICH JIYYIINi CciIydaii.

Ha pucynkax 3.14 u 3.15 npejcrapieno cpapHeHue mnpodueit 3pdeKTuBHO-
CTU Pa3HBIX IPABUJI OCTAHOBKHM JIJIsI PACIIO3HABAHUSI I10JIEil JOKYMEHTOB U3 ITaKeTOB
nanabix MIDV-500 u MIDV-2019, coorBercrBenno. Cepoil yHKTUPHOI JIMHIEH Ha
puCyHKax 0003HaYeHO «TPUBHAJILHOE» MPABIIO OCTAHOBKU N, IOPOrOM KOTOPOI'O
SIBJISIETCST KOJIMIECTBO 06pabOTaHHBIX KAPOB (T.e. MPOIECC OCTAHABINBACTCS TTOCIE
TOro Kak ObLin 0bpaboTaHbl U pacho3HaHbl k Kajpos). CuHell m KpacHOW IyHK-
TUPHBIMU JIMHUSAMHI OOO3HAYEHBI JIydlllne cjaydan npaBui octaHoBKU Ncex 1 Ncg,

COOTBETCTBEHHO, U CILJIONTHON 3eJIeH0i JIMHNell 0003HaueH0 MpaBUIo OCTaHOBKU Np
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Pucynok 3.13 — IIpodun scbdexrusroctn npasmn ocranoBkit Neg (cieBa) n Nex
(ctipaBa) JijIst pacros3HaBaHUs MOJ€il UAeHTUMUKAIMOHHBIX JIOKYMEHTOB 13 ITaKeTa,
nanabpix MIDV-2019, Toukamu obo3HadyeHbl pa3/ndHble BapUaHThl 3HAUEHUI ITOPO-

I'OB, CILJIOIIHON JINHUEN BbLJICJICH JIYUIINil CITydail.

(3.66), peasm3oBaHHOE MPU MOMOIIN MOJETHPOBAHUS CJIEIYIONEr0 KOMOMHUPOBAH-
HOrO pesysbrara MeTojgoM (3.67). Moxmno ybenntbes, 9To npasuio Np MO3BOJIAET
JIOCTUYB OOJIee HI3KOTO CPEJIHEro YPOBHS OIMMUOKN pacIio3HABAHUS IIPU TOM YKe CPe/I-
HEM KOJIMYECTBE KaJIPOB, IO CPABHEHUIO KAK C TPUBUAJILHBIM MpaBuioM Ng, Tak u
¢ JIYUIIUME caydasgmu Bbibopa moporos ajst Nex u Ngg.

B tabmunax 14 u 15 ykasaHbl JOCTUTHYThIE 3HAYEHUSA CPEJHEr0 PACCTOSTHIS
0T KOMOMHUPOBAHHOI'O pe3y/ibTaTa paclio3HaBaHUsl J0 UCTUHHOTO OTBETA B MOMEHT
OCTAHOBKW TP OTPAHUYEHUN Ha CpejHee KOJNIECTBO 0OPabOTAHHBIX KaJIPOB I
TeKCTOBBIX IoJieil makeroB jiaHHbiXx MIDV-500 u MIDV-2019 coorBeTcTBEeHHO.

/13 o1y 9eHHBIX SKCIEPUMEHTAJBHBIX PE3YIHTATOB MOYKHO C/Ie/IaTh BBIBO/I, ITO
METOJT OCTAHOBKH, OCHOBAHHBII Ha MOJICTUPOBAHNN CJIETYIONIEI0 KOMOMHIPOBAHHOTO
pe3yJbTara IPEeBOCXOIUT METO/, aHaIN3a MO AN 10 TOTEHIINAIbHO JIOCTUTAeMOTT
TOYHOCTH pe3y/bTaTa paclio3HaBaHUsI B MOMEHT OCTAHOBKH IIPH PaBHOM CPEJIHEM
KoJIm4uecTBe 00paboTaHHBIX KaJapoB. OJHAKO HEJOCTATKOM TAKOI'0 METOJIA sIBJIsIeTCH
HEOOXOIMMOCTD MTPOM3BOIUTH BBIYUCEHIS, CBI3aHHbBIE C MOJIETNPOBAHIEM CJIETyIO-
mero pesysbrata (K mpuMepy, mpu mnomomn noaxogaa (3.67)), 6osee TpymoeMkie,
YeM BBIYUCJICHUS, HeOOXO/IMMbIE JI/Isi aHaIU3a PAa3MepPOB HAKOIJICHHBIX TOIYJIAIINIL.

HpI/IMeHI/ITeﬂbHO K KOHKPETHBIM CUCTEMaM PaCIlIO3HaBaHMA 00BEKTOB B BUICOIIOCJIE-
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(()?%inHee HOPM. paccT. JleBeHLWITENHA

010
0.09 -
0.08 |-

0.07 |-

0.06 2 4 6 8 10 12 14

CpefHee KO/IMYeCTBO KagpoB

Pucynok 3.14 — IIpodunn scdpdexkruBnoctu npapui Ng, Np, U JIydInx caydaes
npaBumsi Nox u Ner JUlsl paclio3HaBaHusi 1oJieil naeHTuGUKaIMOHHbBIX JOKYMEHTOB

u3 nakera Janabix MIDV-500.

Ta6ﬂ1/1ua 14 — ﬂOCTHFHyTbIe SHa4YCHUA CPpEeaHErO paCCTOAHMA 1O NCTUHHOI'O
OTB€Ta B MOMECHT OCTaHOBKH C OI'PaHMYC€HHMEM Ha CpeaHee KOJIMYIECTBO 06pa—

OOTaHHBIX KAJPOB JIJIsT TEKCTOBBIX I0JIell nakera jganabix MIDV-500

OFpaHI/IquI/Ie cpeaHero KoJaam4ecTBo KaJIpoB ‘
<3 <4 <s5] <6 <7 <8] <9] <10

HpaBI/IJIO OCTaHOBKU ‘

| Jlysmmit Nex | 0,161 | 0,084 | 0,080 | 0,078 | 0,074 | 0,072 | 0,069 | 0,069 |
| Jlysmmit Nep | 0,096 | 0,084 | 0,080 | 0,077 | 0,074 | 0,072 | 0,071 | 0,069 |
| Ng | 0,115 | 0,104 | 0,097 | 0,080 | 0,084 | 0,082 | 0,078 | 0,074 |
| Ng 0,092 | 0,082 | 0,076 | 0,073 | 0,071 | 0,070 | 0,069 | 0,069 |

JIOBATEILHOCTH, TEM CaMbIM, IMEET CMBIC UCIIO/IB30BaTh 00a MOJX0j1a, MPUHIMAs
penenns nCxXoAsd 3 crnenuukn 3aJaul U U3 JIOCTYIHBIX BBHIYUCIUTETHLHBIX PECYp-
COB.

B paznene 3.2.2 yxKe ONUCHIBAJIOCH, KaK pacCMaTpPUBAEMbIE CUCTEMBI pac-
MIO3HABAHUS B BUJIEONOTOKE OTJINYAIOTCH OT KJIACCUYECKUX YCUJIEHHBIM BJIMSHUEM
MIPOU3BOUTENTHHOCTH aJITOPUTMOB PaCIIO3HABAHNS OJIMHOYHBIX M300parKennii Ha Bbl-

X0l CUCTEMDI. DTO TaAKzKE MOXKHO IIpocjieAuTh II0 BbIKJIaJKaM, IIpedCTaBJICHHBIM B
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CpenHee HOpM. paccT. JleBeHWTENHA

0.24
022
020
018+
016+
0.14 -
012+
010+
0.08 -

00— 5 10 1 u

CpenHee KOIMYeCTBO KagpoB

~

Pucynok 3.15 — IIpodunn scdpdpexkruBnoctn npaBui Ng, Np, U JIydmmnx caydaes
npaBmsi Nox u Ner JUlsl paclio3HaBaHus 1oJieil neHTuGUKaIMOHHbBIX JOKYMEHTOB

n3 nakera Jiagabix MIDV-2019.

Tabmma 15 — JocTuruyTble 3HaYeHUs] CPEJTHEr0 pacCTOHUs JIO UCTHUHHOI'O
OTBETa B MOMEHT OCTAHOBKU C OIpDaHUYeHNEeM Ha CpejiHee KOJUYIECTBO o0pa-

OOTaHHBIX KaJPOB JIJIsI TEKCTOBBIX IT0JIeil makeTa gaHnabix MIDV-2019

I ‘ Orpanndenne cpejiHEr0 KOJIMIEeCTBO KaIPOB ‘
paBI/I.HOOCTaHOBKI/I‘ <3‘ <4‘ <5‘ <6‘ <7‘ <8‘ <9‘ <10‘

| JTysmmit Nex | 0,278 | 0,278 | 0,278 | 0,278 | 0,278 | 0,116 | 0,114 | 0,113 |
| JTysmmit Nen | 0,278 | 0,147 | 0,136 | 0,125 | 0,111 | 0,106 | 0,102 | 0,099 |
| N | 0,200 | 0,152 | 0,133 | 0,122 | 0,115 | 0,114 | 0,111 | 0,110 |
| Ng 0,150 | 0,123 | 0,119 | 0,116 | 0,115 | 0,103 | 0,101 | 0,100 |

9TOM pa3sjese: YMEeHbIIeHne BpeMeHn 00paboTKN M300paskeHnsi 03HaYaeT yMeEHbIIIe-
HIe CTOMMOCTH HabJIo/leHnst Wy (B 3a/ade ¢ BbipakeHueM GyHKImn yositka (3.60)),
9TO B CBOIO OUepejib MPUBOAUT K OoJiee MO3/HEH (¢ TOYKU 3pEHHsT KOJMIECTBA 00~
pabOTAHHBIX KaJIPOB) OCTAHOBKE coryiacHo mpasmiy (3.66), u, Kak cjejicTBue, K
GOJILIIEMY KOJMUYECTBY 00pabOTAHHLIX KaJpoB. A Kak ObLIO MOKA3aHO B pasjelie
3.3.1, sMnupuyecKre JaHHbIe CBUJIETEIHLCTBYIOT O 00Jiee BBICOKON OXKUJIAEMOil TOY-

HOCTH pe3y/JbTaTa B CIydae YBeJMIeHNs KOJIUIecTBa 0OPabOTAHHBIX KaJpoB. Tem
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caMbIM, B KOHTEKCTE CHCTEM PaCIIO3HABAHUS B BIIEOIOTOKE, B OCOOEHHOCTH CUCTEM,
IpeJIHa3HAYEHHbBIX JIJIsI MCIIOJIHEHUs Ha yCTpoiicTBaxX ¢ OrpaHUYeHHONH U HeMac-
mTabupyeMoil POM3BOJANTETHLHOCTBIO (TaKUX, KaK CMapTHOHbI W IJIAHIIETHBIE
KOMITBIOTEPBI ), HEOOXO MO &JIAIITHPOBATH METOJbI U aJIFOPUTMBI, MpeHA3HATCH-
Hble JIjIsI 00pabOTKU M300parKeHuil 1 paclio3HaBaHMUsI 00pa30B, JIJII MaKCUMAaJbHO

9P HEKTUBHOIO UCIOJHEHUSI Ha TaKuX ILiardopMax.

3.5 MHNcnoab3oBaHme ocobeHHOCTE apXUTEKTYpP COBPEMEHHBIX
MOOMJIBHBIX IIEHTPAJIBHBIX IIPOIECCOPOB JIJIsi ONTUMU3AINN BbIYNCJICHIIA
B CUCTeMaX PacCIO3HABAHMS

Boraucinrenbias 3¢h@OEKTUBHOCTh CUCTEM KOMIIBIOTEPHOT'O 3peHusd, K KOTO-
PBIM TaKKe OTHOCSATCS CUCTEMbBI PACTIO3HABAHNS JJOKYMEHTOB, SABJISIETCS KPailHe Bak-
HBIM aCIeKTOM. AJITOPUTMBI, MCIIOJIB3YIONIIECs B CUCTEMAaX Paclo3HABAHUS, TAKUe
KaK aJropuTMbl 00pabOTKN M300parkKeHusi, aJropuTMbl BbIJeJIeHUsT TpaduuecKux
IPUMHUTUBOB, AJI'OPUTMBI pPaclio3HaBaHusd 00pa30B W JIPYTHe, pa3padaTbIBAIOTCH C
OFPOMHOI CKOPOCTBIO, IIPU 3TOM HU3MEHSIOTCA KaK MX KadyeCTBEHHbIE XapaKTepu-
CTUKM, TaK W TPYJAOEMKOCTb. lcrosib3oBaHne CHUCTEM KOMITBLIOTEDHOTO 3PEHUs u
pacro3naBanus 00pa3oB Ha MOOWJIBHLIX YCTPOMCTBAX, MAJJOMOIIHBIX TEePMUHAJIAX,
U JIpyTuX BCTpamBaeMbix cucteMax [149; 259; 260| nakiaapiBaeT IOMOJHATEIbHBIE
orpaHnvYenns Ha BBHIOOP aJrOPUTMOB U Ha UX PEAJU3AINIO BBUJY OrPAHUYIEHHOCTN
BBIYHC/IUTE/IHLHBIX PecypcoB. Kak cjejicTBue, BayKHO YJIEIsITh 0COOEHHOe BHUMAaHUE
KaK TPYJ0EMKOCTH ITPUMEHSIEMbBIX aJI'OPUTMOB 00pabOTKIN N300parKeHuil 1 KOMIThIO-
TEPHOTI'O 3pPEHUs, TaK W TEXHUUYECKNM IOX0/aM, MO3BOJISIONINM MUHUMU3UPOBATH
BpeMsI ICIIOJIHEHUS B CUCTEMAaX, IJIe CKOPOCTDH pellleHns 3a/1ad 00paboTKI n300parke-
HIff 1 PACTIO3HABAHUS SIBJISIOTCA KPUTUIHBIME [261—263].

CoBpeMeHHbIe [EHTPAIbHBIE TPOIECCOPDI MPEIOCTABIAIOT HAOOP MHCTPYMEH-
TOB, TPeIHA3HAYEHHBIX JJII MaKCUMaIbHO 3PMEKTUBHON peajsm3aliu Olpe/ie/eH-
HOT'O KJIacCa aJrOPUTMOB U Pa3pabOTKH BBICOKOIPOU3BOIUTEILHOIO ITPOIPAMMHOTO
obecrievennsi. OnHUM W3 TaKUX WHCTPYMEHTOB SBJISIETCH BO3MOXKHOCTDL Peas30-
BBIBATH MHOT'OIIOTOUYHBIE (MHOTOSIZIEPHBIE) BBIUNCJCHUS B CIydae, eCJIi aJrOPUTMbI
MOTYT ObITH paszdUTHI Ha HADOp 3aja4 Oe3 3aBucUMOoCTeil 1o JgaHHbIM. JIpyrum uH-

crpymentom sBiisttorcst uaerpykiun SIMD (OKM/L, Oxnnounstii morok Koman,
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D. W T.II.

B nocneyromux pasjgesnax Oy/IyT pacCMOTPEHbBI TMOIXOIbl K peain3allui o1le-
pamuii TpaHCIIOHUPOBaHUsT M300parkeHusi 1 MOPMOJOrnIecKNX IMIPeodpasoBaHumil
9PO3UN U JUIATAIUU ¢ TTOMOIIbI0 SIMD-MHCTPYKITII TPUMEHUTETHHO TJIABHBIM 00-

pasoM K apxuTekType cemeiicTBa mporeccopo ARM.

3.5.1 Adaroput™m 3¢pPHeKTUBHOTO TPAHCIIOHUPOBAHUSI MATPHII C
ncnojibzoBaaneM mHCTpykKnuit ARM NEON

TpancronnpoBane n300parKeHUsI SIBJISIETCST BaXKHON U IIMPOKO UCIIOJIB3YeMOii
orleparyeil B cucreMax KOMIIBIOTEPHOTO 3peHus W paclo3HaBanus odpa3oB. Opnnum
13 HMPUMEHEHNH TPAHCIOHUPOBAHUS W300paKeHUs SIBJISIETCsT pa3s0ueHne MHOTOKa-
HAJILHOTO M300parkKeHnsi Ha N300payKeHs OTAEIbHBIX KAHAJIOB JIjId X He3aBUCUMOI
obpabotku. [Ipu obpaboTke ojlHOKAHAILHBIX N300paXKennii ornepalns TPaHCIOHIPO-
BaHUSI MCIIOJIb3YETCsI TVIAaBHBIM 00pa3oM 115t 9 MEKTUBHON peasin3aliii aJropuTMoB
dusbTpannuy, MOCKOJIbKY 3HAUYUTEIbHAs 4YacTh TAKUX aJrOPUTMOB cernapabesibHa,
(T.e. MOXKeT OBITH pa3jieieHa Ha He3aBUCUMbIE 9Tallbl 00pabOTKI H300paXKeHUsT BIIOJIb
CTPOK M300parkeHusi U BJIOJIb CTOJIOIOB M300parkKeHUs C OJHOMEPHBIMHU (DUIbTPAa-
vu). [lpumepamu cemapabesibHBIX AJTOPUTMOB SIBJISTIOTCsT [ayccoBa (hUIbTpAIs,
dusbTpalysg ycpeJHeHneM € MPSMOYTOJIbHBIM OKHOM U Pa3/IMdHble BUJbI MOP-
dostoruueckux mpeobpazosanuii [266]. Beprukajibhbie GUIbTPHI TPUMEHSIIOTCA K
croibriaM n300parkeHuss U o0padaThIBAIOT IMHKCEJN BCEX CTPOK OJIMHAKOBBLIM 00-
pazoM. B ciydae, eciim nmmuKcesn CTPOK M300parKeHUs PaCIOJIOKEHbI Ha COCETHUX
MO3UIINAX B ONMEPATUBHON MaMATH BBIYUC/IUTENIHLHOrO ycTpoiicTBa, SIMD-unctpyk-
U MOT'YT OBbITH HMCIOJB30BAHbBI JIJIST YBEJUYEHUsT TPOnu3BoguTebHOCTH. OJTHAKO
IOPUBOHTAJIbHBIE (PUJILTPHI TPUMEHSIOTCS K CTPOKAM HM300PaykKeHust 1 OJIMHAKOBBIM
obpa3oM 00pabaTbIBAIOT BCE ITUKCEJM CTOJIONOB M300paykKeHus, n Jijisi ONTUMUA3AIIN
TOPUBOHTAJBHBIX (PUJIBTPOB HENIB3S HUCIOIB30BaTh SIMD-THCTPYKITMT HAPIMYTO.
O mako 3a9acTyio MOYKHO JJOOUTHCS YBEJTMIEHIS TPOM3BOINTEIHLHOCTH ITyTEM TPpaHC-
MOHUPOBAHUS M300parKeHusi, TpUMEHEHUsT YCKOPEHHOIO BEPTUKAJILHOIO (PUIBTPaA 1
00paTHOrO TPAHCIOHUPOBaHUS. B Taknx ciydasx KpaiiHe BaXKHO UCIIOJIb30BATh MaK-

CUMaJIbHO 3P MEKTUBHYIO pean3allliio TPAHCIIOHUPOBaHU M300ParKeHNI.
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Tabsuma 16 — CpaBHeHne BpeMeHH HCIIOJTHEHUST aJrOPUTMOB TPaHC-

nonnpoBanust Matpuil (Samsung Exynos 5422 ¢ ARM NEON).

Bpems Bbi- | Bpemsi  BbI-

MTOJTHEH U S MIOJTHEHUS C
Pazmep maTpuirbt Tun ganabIX
6es SIMD, | SIMD, na-
HAaHOCEK. HOCEK.
8 x 8 ‘ 16-6uTHOE OE33HAKOBOE IIEJIOE ‘ 114 20
16 x 16 ‘ 8-0uTHOE Oe33HAKOBOE IeJI0€e ‘ 565 47

29 vstlq ul6(addr d7, vreinterpretq ul6 u32(
30  vcombine u32(vget high u32(x2.val[1l]), vget high u32(x3.val[1l]))));

Peanuzamnuio TpancnonnpoBanng MaTpull, 16x16 . 8 MOXKHO peain30BaTh aHAJIO-
PUYIHBIM 00pPA30M, UCIOJIb3Ys 152 uHCTPYKIUH (32 HHCTPYKIUI 3arpy3KH / BBITDY 3K,
72 WHCTPYKIIUW TIEPECTAHOBOK U 48 JOMOJHUTETLHBIX WHCTPYKINN pernHTepIipeTa-
[N JTAHHBIX ).

B Tabsuie 16 npuBejieHO cpaBHEHNE BPEMEHH UCIIOJTHEHUS aJIlOPUTMOB TPaHC-
IHOHUPOBaHMS MaTpuIl 8x8.16 u 16x16.8 6e3 yckopeHus ¢ moMorIipio SIMD-nacTpyK-
Uil ¥ ¢ UCHOJIB30BAHUEM IIPEI0YKEHHOTO aJIrOpUTMa. 3aMephbl IIPOU3BOIIINCH Ha,
nporeccope Samsung Exynos 5422 (nopgepxusatoriem uaerpykiun ARM NEON).
Kak MOXXHO Cy/UTh W3 NPUBEJIEHHBIX 3aMEpPOB, IPEII0KEHHDBIN aJrOpuTM TpaHC-
MOHUPOBaHNS MATpull 8x8.16 MPEBOCXOUT 10 CKOPOCTU HUCIOJHEHUd B 9,7 pas
peaym3annio 0e3 ucrob3oBaHus SIMD-uHCTPYKIUil, a aJropuTM TpPaHCIIOHIPOBAa-

Husi MaTpul] 16x16.8 npepocxoguT peasusanuio 6e3 SIMD B 12 pas.

3.5.2 Anaropurm 3dbdeKTnBHOI MOPdOJIOrnIecKoit puabTpamumn
n300pakeHuii ¢ ucroab3oBaHneM mHcTpykiuiit ARM NEON

Mopdoiorudeckue omepaiiuu HaJl n300paykeHUSIMI (TaKzKe Ha3bIBAeMble Olle-
palusgMi MaTeMaTHIecKoil MOpQOJIOTHI) IpeTHAZHAYEHbI JJIsl AaHAJIN3a 1 00paboTKH
reOMeTPUIECKUX CTPYKTYP, HPUCYTCTBYIONINX Ha n300parkeHuu. Takune oneparun
JaCTO UCIOJIB3YIOTCH B aJITOPUTMAX 00PabOTKN M300ParKeHnil JJOKYMEHTOB KaK JIJIsi
dubTpannn nyma Ha n300parkeHnsIX, TaK 1 I PeieHnst 00Jiee BHICOKOYPOBHEBBIX

3a/Ja4, TaKNX KaK TOYHasd JIOKaJIM3alllid TEKCTOBbLIX [H0JIeil B 30HAX JOKYMEHTa..
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3.6 BrpiBoamwl 110 ry1aBe

CdopmysinpoBaHa 3aja4da pacliosHaBaHusi B BujieonoToke. IIpeioxkeHo pac-
CMaTpUBATh paclo3HaBaHue 00beKTa B BHIEOIOCISI0BATEILHOCTH B CXEMe C OCTa-
HOBKOII KakK 3ajJady MUHEMU3aIuu o0Iero (byHKIMoHaJa crouMocTi. IIpoBeneHo
HCCJIeJIOBAHIe TPEeX MeTOJI0B KOMOMHUPOBAaHUsI Ha, JIBYX OTKPBITHIX ITAKETaX JaHHBIX
MIDV-500 u MIDV-2019. Ilokazano, 9T0o Ha CpaBHUTEIbHO XOPOIIUX JAHHBIX HaU-
JIydiliee KadecTBO TOKA3bIBAET METO]] BbIOOpa Jiydiero (oreHka 1mo (hoKyCHpOBKe)
KaJpa. A Ha 3allyMIeHHBIX H300parKeHNsIX C CHJILHBIMI ITPOEKTUBHBIMUI HCKAZKEHU-
sIMI BBIUI'PBIBAET MeTO]I KoMOMHIPOoBaHus Ha ocHoBe noaxona ROVER. Hauxymimmii
pe3y/IbTar MoKa3aJl MeToJl BbIOOpa HAWIYUIIero pe3ysbraTa pacio3HaBanust. CTouT
TaKKe 3aMEeTUTh, YTO CTpaTerusi BLIOOpa OJHOIO pe3yJibTaTa 3aBeIOMO HanOJ/ImzKali-
Iero K MpaBUIbHOMY, Hepeasm3yeMas Ha MpaKTUKe, JaJjia HauIydIimi pe3yabTar.

Bl mocTpoeHbl HOBbIE BEPOSITHOCTHBIE MOJIE/IN, OIUCHIBAIOIINE PE3YIbTaThI
pacro3HaBaHUsi CUMBOJIOB TEKCTOBBLIX II0JIell JOKYMEHTOB B BHJIEOIIOC/IEeI0BATE b
HOCTU. BBejieHO IOHsITHE II0TOKa pe3y/bTaToB paclio3HaBaHus. PaccMoTpeHHbIe
MOJIEJIH IIPEJIIIOJIAraioT, UTO Pe3y/bTaT Paclo3HaBaHUs 3HAKOMECTa B II0JIE JTOKY-
MEHTa, MOYKHO IPeJCTABUThL B BUJIE KOMIIOZUIINK CJIyIAHHBIX BEJIUUNH U CJIyIailHbIX
BEKTOPOB. lJIsT pas/iIMaHbIX MPEJIIOJIOKEHNI M0JyIeHbl BbIPAKEeHUs IIJIOTHOCTEI
pacipeeseHuil pe3y/ibTaToB PACIIO3HABAHIS 3HAKOMECTa 1 IIPUBEICHBI METOIbI Olle-
HUBaHUS HEOOXOIMMBIX IapaMeTpPOB. DKCIEPUMEHTAIbHO IIPOBEPEHO, UTO MOYKHO
paccMarpuBaTh paciipejiesieHne OleHOK Kak pacipeesenne Jupuxie. g paHzKu-
poBaHmsI MojeJiell ObLI MCIO0JIb30BaH HHOpMaInoHHbIil KpuTepuii Axkanke. Taxkum
00pa30oM, MOJIyYeHHbIe IPU MOJIEINPOBAHIN [TI0TOKA PE3YJIbTATOB PACIIO3ZHABAHMSI I1a-
paMeTpbl MOYKHO HCIIOJIB30BATH /I KOMOMHUPOBAHUS PE3YIbTATOB KJIacCUpUKAIIN
OJINHOYHBIX CHMBOJIOB, pelllasg TeM CaMbIM 3aJiady paclio3HaBaHus 0O0bEKTa B BU-
JIEOTIOTOKE.

[IpemyioxkeHbl U HMCC/IEAOBAHbI JIBa IOAXO/Ma K PEIIeHUI0 3aJadl aBTOMAaTH-
YeCKOI0 OCTaHOBa PACIO3HABAHWUS B BUJIEONOTOKe. llepBhIil 1OIX0/ OCHOBAH Ha
aHaJIn3e OISl pe3y/bTaTOB paclo3HaBaHus O0bLEKTOB, IIOJYUEHHBIX Ha OJH-
HOYHBIX M300paKeHusix. BTopoil mpejyiozKeHHbIH 110JIX0/I OCHOBaH Ha COBMECTHO
ONTUME3AINHT 0011ero (byHKIMOHAJA, BKIIOYAIOIMIEr0 B cebs KaK 0KIIaeMyto (Mojie-
JIPYEMYIO) OIMNOKY PACIO3HABAHMUSI, TaK M OXKIJIAEMOe KOJMIeCTBO 00pabOTaHHbBIX

KaJIpoB. Pesyibrarhl sKcHepuMeHTa IOKa3aJjd, YTO METOJ, OCTAaHOBKHU, OCHOBAH-
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I'maBa 4. llakeTbl JaHHBIX JIJId OIEHKN KaveCTBa U OOyYeHUs CHUCTEM
paciio3HaBaHUA JOKYMEHTOB

4.1 Bsenenne

OpHMM U3 caMbIX €200 MCCJIeJOBAHHBIX U OCTPBIX BOIIPOCOB B CO3JIaHUN
CHCTEM PACIIO3HABAHUSI JOKYMEHTOB, YIOCTOBEPSIIOIINX JIUIHOCTD, sIBJsSIeTCsT (hop-
MUPOBaHIE IAKEeTOB JAHHBIX JJIsI OOyYeHHsI 1 TeCTUPOBAHUsI CUCTEM B IEJIOM U
OTJEJIbHBIX METOJIOB. DTO CBSI3aHO € HPUPOIOH MHMOPMAINN, COIepKaIleiicss B J10-
KyMeHTaxX: B OOJIbIIIMHCTBE CTPaH 3aKOHOJATEJIbHO 3allpelleH cOOp U IyOJImKalms
IIEPCOHAJIbHBIX U OMOMETPUYECKUX JaHHBIX. [IpuxomuTcss KOHCTATUPOBATH ITPAKTHU-
YeCKU II0JIHOE OTCYTCTBHE TaKUX IIaKeTOB B OTKPBITOM JIOCTYIIE JIJIsl HCCIeoBaTeIeil,
YTO HPUBOJUT K HEBO3BMOXKHOCTU OOBEKTHBHOI'O CPABHEHUS PA3/IMIHBIX METOIOB U
II0/IXO/I0B K PeIIeHnIo 3a/iad B 9Toit obs1acTu. B 3Toil riase OyzeT npeiiozKeHa MeTo-
JKa, ¢chbOpMUPOBAHBI TAKEThI ITyOJIMIHBIX JAHHBIX JIJI [IPOBEICHIS NCCIeI0BaHNIIT

B 9TOIl 0OJlacTi 1 npeJozKeHnd 110 NX MCIIOJIb30BaHMIO.

4.2 Ilakersl JAaHHDbIX JIf 06yqu1/I$1 cucreM pacClIiO3HaBaHM:A

4.2.1 MeToapl cUHTe3a JAHHBIX JIJid OOyJYeHUs U HACTPONKM
aJITOPUTMOB pacIiioO3HaBaHUA

KadecTBo pacrnosnaBaHusi JOKYMEHTOB, B TOM YHCJIe KAUeCTBO paclio3HaBaHUsI
TEKCTOBBIX PEKBU3UTOB WU I'PadUIECKIX 00bEKTOB, HAIPSIMYIO 3aBUCHT OT Kade-
cTBa 00yUYeHUs OTIeJbHBIX KiaccudukaTopos. I[Ipumepom momodbHoro Kiaaccuduka-
TOpa MOXKET SIBJISITHCS KJIACCHU(DUKATOD IedaTu, Jud0 KIacCuPUKATODP OTIEeJIHLHOTO
TEKCTOBOIO CHUMBOJIA. Hada bHBIM 3TAllOM MOCTPOEHHUs KJIACCH(UKATOPA CJIYZKUAT
dopMupoBaHe 00yYaroIero MHOYKECTBA: K IIPUMepy, IPUMEHUTEJIbHO K KJacCudu-
KaTopy OT/EJbHO CUMBOJIOB 00ydYalollee MHOXKECTBO MOYKET COCTOSATH M3 00Pa3oB

CUMBOJIOB Pa3JINYHOrO Bujia (4epHO-0e/IbIX (GUHAPHBIX ), MOJIYTOHOBBIX, IIBETHBIX) U
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MeHee, IIPOBEJCHHBII pacdeT IoKasaJi, YTO MPEJI0YKEHHBII CIIoco0 MM03BOJISIeT 3HAa-
IUTEJIBHO YCKOPUTH TIPOIEAypy (hOpMUpOBaHus 00yUaroIiero MHokecTBa (B 9 pas
Ha [puBesieHHOM mpuMepe). [IpeioykeHHbIil crocob MO3BOJIsIET COBEPIEHCTBOBATD
kjaccudurarop cucrembl OCR, ucnosb3yemoii B HEKOTOPOIT opraHuzalium, B OC-
HOBHOM, 3a CYET pa3MeTKH, INPEJIyCMOTPEHHON perjaMeHTOM paboThI OllepaTOpPOB

B [pOoIecce 3TO CUCTEMDI.

4.2.2 1IIpobsemMbl cMHTE3a NCKYCCTBEHHBIX O0YyYalOINX BHIOOPOK

st mpakTUYecKoil peasim3allii CUCTEeM paclio3HaBaHUs JIOKYMEHTOB, IO/I-
JIEPXKUBAIOININX MYJIbTHA3BIKOBOE pacIiO3HABAHNE, paclio3HaBaHue TeKCTOBBIX I0JIeit
CJIOYKHOI CTPYKTYPBI U T.II. 3a9aCTYIO MOJIXOJ] IIOCTPOEHISI MHOYKECTB 00Pa30B CHM-
BOJIOB JIJIsT OOyYeHHsI U3 peaJibHbIX [TaHHBIX 3aTPYIHEH WM BOBCE HEBO3MOYKEH.
[ToMumo podIeM, CBSI3AHHBIX C JIOCTYIIHOCTBIO JJOCTATOYHOIO KOJIMIECTBA PeaJbHbIX
IPUMEPOB JIOKYMEHTOB, KOTOPbIe MOIJIM ObI HCIOJb30BATHCS KaK HUCTOYHUK 0Opa-
30B CUMBOJIOB, 3HAUUTE/IbHBIM HEJIOCTATKOM TaKKe MOYKET SBJISITHCS HEJOCTATOUHAST
pelpe3eHTaTHBHOCTD NMEIOIIIXCs [TAKEeTOB PeasIbHbIX JAHHBIX — K IIPUMEPY, HeJI0CTa-
TOYHOE IMOKPBITHE CIIENNAJbHBIMI CHUMBOJIAME, IIYHKTyalneil, min HeI0CTaTOTHOe
[MOKPBITHE UMEIOIIIXCSI PeaJbHBIX JAHHBIX PA3/IMIHBIMI BapHaHTaAMH KOHTEKCTHOTO
OKPY2KEHIs CUMBOJIOB.

Jlst pelrenns 1MOJOOHBIX MIPOOJIEM CYHIECTBYeT HAOOP I0JIXOJI0B, CBA3aHHBIX
C CHHTE30M WCKYCCTBEHHBIX O0YUYAIONNX BBIOOPOK CHMBOJIOB (3/€Ch 1 Jlajiee —
reHeparys cukmemudeckur npumepon). IloreHnnaababie 00beMbl CHHTETHIECKIX
BBIOOPOK TEOPETHIECKN He orpaHmdenbl [281], n Takoii moaxom obiagaer HaOOPOM
[IPENMYIIECTB, CBA3AHHBIX € 0OJIee TOYHBIM KOHTPOJIEM Pepe3eHTaTHBHOCTH 00y-
YJAIOIINX JIAHHBIX.

Hawubostee oueBMTHBIM MTOIX0/IOM K NeHepallii CHHTETHIECKUX TTPUMEPOB SABJIsI-
eTCsI aBTOMATUYIECKOE CO3/IaHie M300parKeHnii ¢ MHOXKECTBOM CJIyUaitHO BHIOPAHHbBIX
CUMBOJIOB 13 HEKOTOporo ajdasura [282—284| (cm. pue. 4.6). Takoii mogxo[ jio-
CTATOYHO IMPOCT B UMILIEMEHTAIIMN W aJallTalllil K pas3IudHbIM si3bikaM. OJIHAKO,
IpsIMOE ero IpUMEHEeHHe He IPUHUMaeT B pacdeT SI3bIKOBYIO MOJIe/b, T.e. He
II03BOJIET KOHTPOJINPOBATh KOHTEKCTHOE OKPYrKEHIEe CUMBOJIOB, IIOPOXKIaeMOe 0CO-

OEHHOCTSIMU I[IOCTPOECHMA CJIOB 1 Hpe,ZL.HO}KeHI/Iﬁ B €eCTECTBECHHOM ¢I3bIKE, YTO MOXKET B
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,ZL&JIbHeIL/'IIHeM HeraTruBHO BJINATDL KaK Ha Ka4de€CTBO KH&CCI/ICbI/IKaHI/H/I OTHCJIbHBIX CUM-

BOJIOB, TaK M B IIEJIOM Ha Kade€CTBO paCllO3HaBaHME TEKCTa.

‘ T6i85qM78abb,Z
oFeNS)3LvY, je5/s0

Pucynok 4.6 — IIpumepbl CHHTE3UPOBAHHBIX W300parKeHUiT JJIsi 0OyUIeHUs CUCTEM

paclio3HaBaHMd TEKCTOBbLIX CTPOK.

EcrecTBeHHBIM pasBUTHEM II0JIX0Jla aBTOMATHYECKON IeHepalun n300parke-
HUIl €O ciydaifiHbIMKI OOpa3aMi CHMBOJIOB sIBJIeTCd MOJAU(UKAILNSA IPOIELYPbI
reHepalny TaKux n300parkeHnil IIyTeM ee JOIOJHEeHNsT HAaDOPOM IIPaBII U OrPaHIde-
HUI, PEryJINPYIONINX KOHTEKCTHOE OKPYKEHUEe CUMBOJIOB. [IpuMepoM Takmnx mpaBu
MOTYT SBJATHCA OTPAHMYEHNs Ha HaUcaHue HECKOJHLKNUX OJNHaKOBLIX CHMBOJIOB
IO/IPsIJT, OTPAHNYIEHNE Ha HEIIOCPEICTBEHHBIX COCe/Iell CHMBOJIOB Iy HKTYAIUH ( BKJTIO-
Jasi CUMBOJI «IIpoDesiay ), 3amper Ha depe/lOBaHUe 3aryIaBHBIX U CTPOYHBIX OYKB B
paMKax CJioBa U T.II.

Peanuzaiiust 10100HBIX IPABUII ITO3BOJISIET ITIOBLICUTH PEIIPE3eHTATUBHOCTD CUH-
TE3UPOBAHHBIX IIEII0YEK CHUMBOJIOB 110 OTHOIIEHUIO K IeJeBOMY s13bIKy. OJIHAKO
BHEJIPEHHE TaKUX MOJIMMUKAINI 3HAUNTEIBHO YCI0KHICT MEXaHU3M I'eHepallii 00y-
qarolreil BBIOOPKH, & CJI0YKHOCTH HADOPOB IIPaBUJI MOYKET IIPUBECTU K TPYIO0EMKOCTHI
I HEBO3MOYKHOCTH MaCIITaOUPOBAHMSI TaKON CHCTEMBbI, K IIPUMEPY, C b0 ajall-
Taluy JJIg JPYTUX TUIIOB IEJIEBBIX JOKYMEHTOB MJIHM IS JPYTHUX S3BIKOB.

[IepcrieKTUBHBIM HAITPABJIEHUEM B 9TOI 00JIACTU SABJIAETCA UCITOJIb30BaHUE 00Y-
JaeMbIX 3apatiee I3bIKOBLIX Mojeselt /1 JaabHelineit reaepaun CHHTe3nPOBaHHbIX
m3o0pazkennit [285; 286|. f3bikoBast Mojesb, MpeCTaBICHHAS, K MPUMEDY, B BI-
Jle HePOHHOI ceTu, MOXKeT ObITh HCIIOJIB30BaHa, JIJId IOCTPOEHUS aDCTPAKIUN Ha/l
JaCTOTHBIMI XapaKTEPUCTUKAMU CHUMBOJIOB, CJIOB, KOHTEKCTa, CHUHTAKCUYECKUX U
ceMaHTHIeCcKnX cBsizeil. CX0xKecTh CreHepUPOBAaHHBIX TAKIM 00Pa30M TEKCTOB C eCTe-

CTBEHHBIMH II03BOJISIET ITOBBICUTL PEIPE3CHTATUBHOCTL CUMHTE3UPOBAHHBIX BbI60pOK
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4.3 OrmeHka KavecTBa pabOThl CUCTEM PAaCIIO3HABAHUS
NAeHTU(PUKATNOHHBIX JTOKYMEHTOB

Onnoit n3 HanboJtee BayKHBIX 3aJ1ad IPU pa3paboTKe CUCTEMbl pacO3HABAHNSA
siBJIsieTCsl OOBEKTUBHAsT KOJMYCCTBEHHOE OICHUBAHUE PE3YJILTATOB pPaCIO3HABAHUS
Takux cucreM. lIpaBuibHbIl BBIOOD cOCODa OLEHUBAHUS PE3YJIbTATOB PaCIIO3Ha-
BaHUSI MMeeT BakKHOE 3HAUYeHHe KaK /I Pa3pabOTUYMKOB MOOWJIBHBIX CHCTEM
pacrio3HaBaHusl, TaK W JIJId KOHEUYHBIX I0JIb30BaTEIEl.

Metopo/iorust OIeHKN KadecTBa PadOThl CUCTEM pPaclo3HaBaHUA UIEHTU(N-
KallIOHHBIX JIOKYMEHTOB, IIpeJ/iCTaB/IeHHasl B JaHHOI IjiaBe, 3aJaeTcsd KPUTEPUSIMU
(cymrHOCTH, KOTOPBIE HEOOXOJMMO OIEHHUTD), COOTBETCTBYIONMME [TOKA3ATEISIMU
(KOHKpeTHOE 3HaUeHNUE, OIPEIE/ITeMOe JJisT BBIODAHHOTO KPUTEPHUsT) U MeToaM (CIo-
€00 OIpeJiesIeHIs] COOTBETCTBYIONIErO MOKA3ATEsI ).

KirroueBbIM KpUTEpPUEM PACIIO3HAIONINX CUCTEM SABJISIETCST TOYHOCTh PACIIO3HA-
BaHusi. HecMoTpst Ha KarKyILyrocs IPOCTOTY, JTaHHbI KpuTepuit Tpedyer 1eTaJbHOTO
packpbITusd. Tak, NMpu ONpeJe/IeHu TOYHOCTH PACIO3HABAHUS HEOOXOIUMO Olle-
HUTH KaK TOYHOCTH PACIO3HABAHMS TEKCTOBBIX IOJIEH, TaK U TOYHOCTH BbIJICICHIS
rpadudeckoil nadopmaln (13006paXKeHnst J0KyMeHTa, GoTorpadun JIepKaTes J10-
KyMEHTa, IIO/AINCeil n mnedarTeil Ipu NX HaJIUYIUA U T. H.). B pamkax HacTosdmieit
JIICCEPTAINOHHON paboThl MOJAPOOHO pa30dpaHbl yKa3aHHbIe KPUTEPUN, TPUBE/IEHbI
COOTBETCTBYIOIINE TIOKA3aTE I, KOTOPbIE ITO3BOJISIIOT IIOJIYyINTh OObEKTUBHYIO OllEH-

Ky KauecTBa padOThbl CUCTEM PACIO3HABAHUSA UJIEHTH(MUKAIMOHHBIX JOKYMEHTOB.

4.3.1 OrneHKa TOYHOCTH JIOKAJIN3AIMNN JOKYMEHTA

Jlokaymmsanusi JIOKyMeHTa Ha W300payKeHUM — OJIUH W3 IEePBbIX OCHOBHBIX
1aroB JI0OOI CUCTEeMbl paclio3HABaHUS JIOKYMEHTa, CYTh KOTOPOIl 3aK/II09aeTcsi B
olpejiesIeHIN KOOPAUHAT MHOIOYIOJIbHIKA, 0O0PaMJISIIONIEro JOKYMEHT.

B pamkax jganHoil paboThl pacCMOTPHUM CJydail, KOrja JOKYMEHT IIJIOCKUIA,
IIPSIMOYTOJIbHOM (POPMBI ¢ 3apaHee U3BECTHBIM COOTHOIIEHHEM CTOPOH, BBIIIOJI-
HEHHBIN M3 TBepJIOro MaTepuasa. [Ipm 3ToM yTJbl JIOKyMeHTa MOT'YT OBITH Kak

IPSIMOYTOJIBHBIMEI, TaK U CKPYIVIEHHBIMH (9TO XapakTepHO Jist OOJIBINTHHCTBA
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OBITb OOHAPY?KEH C TOYHOCTBHIO JI0 IIepeHyMePAIMi BePIIH, (popMyJia, Olpe/Ie/IeHNsT
PACCTOSIHUST MEKJIY JIBYMSsI 9eThbIPEXYTOJbHIUKOB BBIIVISIUT CJIEIYIONINM 00pa30M:

Diyuer (@) = min Diyr (a7 mit) |

corner . corner
q(l) €Q

e () — MHOXKeCTBO TlepeHyMepaliuii Bepiiut { [a,b,c,d] ; [b,c,d,al ; [c,d,a,b] ; [d,a,b,c]}.
4.3.2 OneHka TOYHOCTH oNpeaesieHUs TUIA JOKYMEHTA

3Bajiada olpejiesieHns TUIIA JOKYMEHTa IIPeICTaBJIsIeT, 110 CYTH, IIPeIcTaBIseT
co0oil 3aJ1a9y MHOIOKJIaccoBOil Kiaaccudukanun. [Ipu aToMm, 110 cBoeil npupojie, 3Ha~
YUMOCTD OTJEIbHBIX KJIACCOB HE BBIJEJSIETCsS. B Takoil 1ocTaHOBKE ONTHUMAJILHBIM
ABJIACTCA UCIIOJIB3OBAHUE JTOJIM BEPHO OIIPEACIEHHBIX THUIIOB TOKYMCHTOB, KOTOPAasd

olpejiesIsieTcs cyeayroleit (hopmyJIoit:

T
accuracy = N
rie 1 — KoJIMYeCTBO BEPHO KJACCU(PUIIMPOBAHHBIX JIOKYMEHTOB, a N — o0lee KoJIn-

YECTBO JOKYMEHTOB, IOJIBEPTaIlCh KOTOPbIE KJIACCU(UITIN.

4.3.3 OneHka TOYHOCTH PaCHO3HABAHMNS TEKCTOBBIX I10JIEii

OreHka TOYHOCTH PaCIO3HABAHNS TEKCTOBBIX TOJIEH SABJISIETCs OJIHON U3 CAMBIX
BayKHBIX OIEHOK JII000I pacro3Halomeil cucremoit. [ ciaydass pacro3HaBanus go-
KYMEHTOB OJIHOI 13 HamboJiee TPOCTHIX, HO B TO K& BpeMs KpaiiHe moKa3aTebHbIX
OIEHOK, SIBJISIETCS JI0JIsl BEPHO PACIO3HAHHBIX TeKCTOBBIX moseil (PSR, per-string

recognition rate), BbIUMC/IEMAsT CJCITYIOMIIM 0OPA3OM:

Lcorrect
PSR = —corredt.
Ltotal

e Lyigq 3a7aeT o0Iee KOJIMYECTBO TEKCTOBBIX IIOJIeH Ha, JOKYMEHTE, & Leorrect
IIpeJICTaB/IsieT co00i KOJIMYECTBO BEPHO PACIO3HAHHBIX I10JIeil Ha n300pasKeHnu J0-

KYMECHTA.
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B psgape ciaydaeB okKasbIBaeTCs IOJIE3HBIM IEPEHTH OT IOJACYETa BEPHO PaC-
IIO3HAHHBIX TEKCTOBBIX I10Jeil K 0oJjiee JeTaJbHON OLIEHKE BEPHO PACIIO3HAHHBIX
CUMBOJIOB. B Takmx ciydasiX B KadecTBe II€PBOI'O Iara HeoOXOIUMO OIIPeIeINTb
c1ocob TOJICUeTa PACCTOSTHUST MEXKJIy JIBYMsI TEKCTOBBIMU cTpoKamu. Ha mpaxTuke
JUT 9TOH TeJI MINPOKO HMCIOJIb3yeTcs paccTodgnne JIeBeHmTeiina, KOTOpoe TaKKe
BCTPeYaeTCs B JIUTEpATypPe KaK «PeJaKIIMOHHOE PACCTOsIHUEY» WU <«JIUCTAHIUS pe-
JakTupoBaHugy. PaKTUIECKU, OHO OIpPEeIe/deTcs KaK MUHUMAJIbLHOE KOJIMYECTBO
OJIHOCHMBOJIBHBIX Oflepanuil (BCTaBKHU, YIaJeHUsT WJIH 3aMEHbl OJJHOTO CHMBOJIA HA
JPYTOIt), HEOOXOIMMBIX JIJIsI ITPEBPAIIEHNUST OHOMN MOC/Ie0BATEIbHOCTH CUMBOJIOB B
Jpyryio. Torma J1od BEpHO pPaACIO3HAHHLIX CHMBOJIOB OIPEIEISIETC CJIeTYIONNM

obpazoM:
Zz‘L:toltal min (lev (liideanlirecog) ) len (liideal))

Zz’L—tolml len (liideaz)

rae len (l;, ) — KOJIHYeCTBO CUMBOJIOB B i-oM TeKcToBoM 1one, a lev (L .:li..,)

PCR=1-

— pacCCTodHue ME2KJY MCTHHHBIM M PaCllOSHaHHbIM 3HaYE€HWAMHM dJI 1-r'0  TEKCTO-

BOI'O IIOJIA.

4.3.4 OmnpenejieHne TOYHOCTH BbLJeJIeHNS rpadudecKnX moJieit

[Tomumo TexkcTOBOI MHMOPMALNKM JIOKYMEHTHI, YIOCTOBEPAIOIIe JITIHOCTD,
TaK:Ke cojiep:KaT BakKHble rpadudeckue obdjaactu. IIpumepamm Taxkux objacreit
SIBJISIOTCS 00J1acTh oTorpadun Jjepxkaresis JOKyMeHTa, 00JacTh IOJIINICH, ITe-
YaTh BBIJAIONIEr0 opraHa u T. 1. IIpoMblIieHHasT paclo3HAIONIAsl CUCTeMa JTOJIZKHa,
IIOMUMO TEKCTOBBIX JIAaHHBIX OOecIieunBaTh BO3BpAT 3allpallinBaeMbIX I'padude-
cKux pernoHoB. I[Ipm 3ToM crocob JoKaau3aluy TakKuxX I'papuuecKuX pPEermoHOB
MOYKET OBITb B HEKOTOPOM CMBIC/IE MPUMHUTUBHBIM ((DaKTHUECKH <«BbIPE3aTh» 3a-
IpAIINBAEMbIil DEMMOH 110 3a/[aHHBIM KOODJIMHATAM ) UJIA OMUPATHCS HA aJITOPUTMbI
KOMITBIOTEPHOTO 3PEHUs U MAIINHHOTO 00ydeH st (HAIPUMED, BBITOJTHITE TOUCK JIH-
1a Ha JIOKYMEHTE C MOMOIIbIO HEHPOCETEBBIX AJTOPUTMOB).

OmunbKy JoKam3alnn rpaduieckoil nHGOPMAIIUNT MOTYT IIPUBECTH K CEPbE3-
HBIM IIpo0JIeMaM IIPU HHTErpalui CICTEM PACIIO3HABAHUSI B CJIOXKHbIE BLICOKOYPOBHE-
Bble Ou3Hec-1porecchbl. Harpumep, ommbka Jiokaauzanun dpororpadun gepKaTeis

JIOKYMEHTa MOYKEeT (PpaKTHIECKN OCTAHOBUTE MIPOTIECC JIBYX(MDAKTOPHON BepudUKaIun
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JINYHOCTH, B paMKax KOTOPOI pacIiO3HAETCsI HE TOJIBKO YIOCTOBEPSIIONINI JIOKYMEHT,
HO U BBIIIOJIHAETCs cpaBHeHUe cesidu ¢ pororpadueii B jokymenTte. [losromy orenka
TOYHOCTH BbIJIe/IEHUs TpaduiecKux Mojeil sBIdeTcs BaXKHBIM KPUTEPUEM OICHKH
TOYHOCTH PACIO3HABAHWA.

MaremaTnyueckn JanHas 3ajada MOJTHOCTHIO MIECHTUIHA 3a/la9e JIOKAJI3aIun
JIOKYMeHTa Ha m300pakenuu. JleficrBUTEIbHO, 3a/aHHble IpadrdecKe oJisd Olpe-
JIeJIAI0TCA Ha MadJI0He JIOKYMEHTa yKa3aHHueM 00paMJISIONIEro YeThIPpeXyrobHIKA.
JlaJiee HEOOXOIMMO OLIEHUTh TOYHOCTH HAXOXKICHUS 38/ IaHHBIX YeThIPEXYTOJIbHUKOB.
CreoBaTeIbHO, BCe METOJIbI OIIEHKN TOTHOCTU TOUCKA YeThIPEXYToJIbHIKA, PACCMOT-
peHHble Mmaparpade OleHKH TOYHOCTHU JIOKAJIM3aluu JOKYMeHTa, MTPUMEHUMbI U B

JaHHOM CJIy4ae.

4.3.5 Omnpenesienne KavyecTBa IIPOBEPOK MOJJIMHHOCTH

Ornenky KadecTBa aJTOPUTMOB IMPOBEPOK IMOJTMHHOCTH JIOKYMEHTa HMEeeT
CMBICJT TIPOBOJINTH MCIOJIB3Ys MTPOOJIEMHO-OPUEHTHPOBAHHBIH MTOIX0/I, T.€. OICHUBAS
OTHOCHUTEJILHBIE JIOH OIMMOOK TMEPBOrO W BTOPOTO POJIOB, OIEHWBAA BEPOATHOCTH
UCTUHHBIX U JIOYKHBIX CpadaThIBAHUI JIETEKTOPOB TeX WJIM MHBIX aHOMAaJUil Ha
n300paKeHnAX JIOKyMeHTOB. [1o/poOHO BOIPOCHI OIEHKN KadecTBa MPOBEPOK I10/I-
JIMHHOCTH JIOKYMEHTOB OBLITH U3JI0XKeHbI paHee B riase 2 (maparpad 2.8).

KitoueBbIM BOIMPOCOM B OOBLEKTUBHON OIEHKE CIIOCOOHOCTU TeX WU WHBIX
AJITOPUTMOB U CUCTEM aHAJN3a JIOKYMEHTOB BBIAB/IATH AHOMAJNN W MTPOBEPSTH IO
JIMHHOCTH JIOKYMEHTa, MPeJICTABIEHHOr0 Ha N300paKeHun WU TTPeIbABISIEMOTrO B
BIJIEOIIOC/IEI0BATETLHOCTH, SABJISIETCS MOJIeJINPOBaHNe TUIIOB aTak, Ha OOHapy KeHUe
KOTOPBIX HAIPaBJIEHbI aJITOPUTMbI aHAJIN3a, U TOJINOTOBKA CIIEIMAIbHBIX TECTOBBIX

ITaKEeTOB JaHHbIX JIJIA 00 BEKTUBHOTO CpaBHEHHUA PA3JIMYHBIX ITIOAXOIO0B.
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4.4 IlakeTbl HAHHBIX JJis OIEHKHN KadecTBa PabOThI CHUCTEM
pacIrio3HaBaHUS

CucreMHBIII TIOJXOJ K OIleHKe KadecTBa pabOTbl aJrOPUTMOB U CHCTEM
pacro3HaBaHusi OOBbEKTOB OCHOBBIBAETCS HAa UCIOJIb30BAHUN IIAKETOB JIaHHBIX,
[IO3BOJIAIONINX CPOPMHUPOBATH IIOHIMAHIE IeHepPaJIbHON COBOKYIIHOCTH OOBHEKTOB,
KOTOPBIE TIPEJIII0/IaraeTcst aHaan3nupoBarh. Kak pe3ysbTar, cymecTByeT O0JIbIIoe KO-
JITIECTBO PA3IMIHBIX TAKETOB JAHHBIX (B HAYTHOM COOOIIECTBE TaKKe UCIIO/Ib3YeTCs
TEPMUH «JIATACeT» ), COCTOAIINX U3 AHHOTHPOBAHHBIX N300paykKeHuii U BUIEOKTHIIOB
U COJIepPrKAINX HEKOTOPhIE IejieBble O0bEKThI: OT/Ie/IbHbIE CMBOJIbI UM CTPOKH TEK-
cTa, JINIA, »KUBOTHBIE 1 T.11. B ciydae, koraa nundopmaliyst, mpejacTaBieHHas B TAKIX
IakeTrax JIAHHDLIX, HE COAEP:KHUT KOH(MUIECHINAIBHBIX MaTePUAJIOB, JATACET MOXKET
ObITH OIyOJIMKOBAH B OTKPBITOM JOCTYIIE, UTO IO3BOJISIET aKTUBHO HCIIOJb30BaTh
€ro B Hay4IHOM COOOIIECTBE.

OJ1HaKO JIOKYMEHTBI, yJIOCTOBEPSIONINE JUIHOCTD, SIBJISIOTCS OCOOBIMH B TOM
CMBICJIE, UTO OHU COJepzKaT KOHMUIEHINAILHYIO JTIHYI0 HHMOPMAIIIIO. JTO CO3/1a-
eT CJI0}KHOCTU B HECKOJIBKUX aclieKTaX. Bo-1epBhIX, XpaHeHue JII0ObIX IePCOHAIBHBIX
JIAHHBIX IIPEJICTaB/IsIeT YIrpo3y Oe30IIacHOCTU B CJIydae UX YTeUKU, U9TO IIPUBOIUT
K 3HAYUTEIbHOMY (buHaHCOBOMY yIepOy Kak JJIsI COOTBETCTBYIOIINX BJIaJIC/IbIIEB
JIOKYMEHTOB, TaK U JIJIs CTOPOHBI, OTBETCTBEHHON 3a yTeUKY JAaHHBIX. BO-BTOPBIX,
JIIOJI TIOHMMAIOT PHUCK, CBSI3aHHBINA C yTEUKOil, U X He TakK JIerKo yOeIuThb «IIo-
JIeJINTHCSI» CBOMMU HACTOAIIMMU JOKYMEHTAMU C PeaJIbHbIMU JITYHBIMU JaHHBIMI
¢ KeM-TO. B-Tperbux, HemocpeicTBeHHO (pu3mdecKuii odOpaser JOKYMEHTa siBJIsSIeT-
¢s1 COOCTBEHHOCTBIO BJIaJe/bIa JOKYMEHTa, UTO CYIIECTBEHHO 3aTPYIHSIET IIPOIECC
cbopa JaHHBIX JIJII TAKUX MAaKeTOB. B-dueTBepThIX, 0OIIEIOCTYITHBIX 00PAa3IoB KarK-
JIOT'O JIOKYMEHTa, YJA0CTOBEPSIOIIEro JIMIHOCTh, 0UYeHb MaJIo, U OOJIBIITUHCTBO U3 HUX
3allMIIEHbl 3aKOHAMHU 00 aBTOPCKOM IIpaBe, UTO JieJlaeT MUX HEHPUIOIHBIMU JIJIsi
UCIIOJIL30BAaHUSI B OTAEJIbHBIX 3ajladax, B TOM YHUC/Ie B HAYUYHBIX MCCJIEJIOBAHUSIX.
Haxkoner, Bo MHOI'uX cTpaHaxX sIBJIsIeTCsl HE3aKOHHBIM He TOJIbKO PaCIpOCTpaHEHNe
[IePCOHAJIBHBIX JIAHHBIX, HO JaykKe ux cOOp M XpaHeHue 0e3 clelnaIbHOI'O paspe-
IICHS.

Kak ciiesicrBre, XoTss B OTKPBITOM JIOCTYIIE CYIIECTBYIOT HECKOJIBKO ITaKeTOB
JTAHHBIX, COJEPYKAINUX M300pazkeHust JOKYMEHTOB, YIOCTOBEPSIONINX JUIHOCTH (K

pUMepy, 9acTh nakerta JaHHbiX SmartDoc [72| wim naker JaHHBIX ¢ JOKYyMeHTa-
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vu Bpasumun BID Dataset [113]), ux penpeseHTaTHBHOCTD Ha CETOIHSINTHUI JCHD

OCTaBJIfACT 2KEJIaTh JIYYIIETro. B HaCTOﬂHleﬁ pa60Te npeacTaB/I€H U3JIO2KEH CHCTEM-

HBbIIA [IOJAXO/ K CO3JaHHNIO TaKUX IIaKETOB JaHHDbIX, a TaKzKe IIPUBEACHO OIIMCaHUE

KOHKPETHBIX OTKPDLITBIX ITaKE€TOB JaHHBIX, IIPEIHaSHAYCHHBIX JIg NCIIOJIb30BaHUA B

paMKaXx 3ada4 pacClloO3BHaBaHUA JOKYMECHTOB, YAOCTOBECPDAIONINX JINYHOCTDb!

maker ganabix MIDV-500 [207]|, cdhopmupoBanubiii Ha 6a3e OTKPBITHIX
IPUMEPOB, TPEJCTABIAIONINI OO0 KOJJIEKITNIO JIOKYMEHTOB, CHSITBIX B
CTAHJIAPTHBIX YCJIOBUSIX;

naker janabix MIDV-2019 [208], cchopmupoBatublii Ha 6a3e OTKPBITHIX PU-
MEpPOB, TPEJICTABISIONINI co0oil paciupenne rmaketa jganHbix MIDV-500 B
JACTU YCJOBUM CHEMKHU JOKYMEHTOB;

naker nanneix MIDV-2020 [296], comeprkarmiuii MOJHOCTHIO CHHTETHIECKIE
JIaHHBIE, NPEACTABIAIONINN COOOH MOJHOCTHIO OOIMMUPHYIO KOJLICKIIUIO KJIH-
110B, Qororpaduili U CKaHOB JOKYMEHTOB, YJIOCTOBEPAIONIUX JUIHOCTD,
CHSATBIX B PA3/IMIHBIX YCJIOBUSIX;

nmaker jganaeix MIDV-LAIT [297|, comepxkarmmuii cuaTeTnvIecKne jgaHHbIe,
npeIHasHadeHHbI JI/Id MCIOJIb30BaHUd B 3ajladax paclio3HaBaHUA JTOKY-
MEHTOB, COJEPKAIIIX TEKCTOBLIE II0JIA, BBIIOJHEHHBIE C HCIOJb30BAHIEM
IePCUICKO-apPa0CKOil, TaliCKOI 1 MHAMICKON MIChbMEHHOCTDIO;

naker paHabix MIDV-Holo, comepxkammii BuIeonocse0BaTeJIbHOCTH KC-
KYCCTBEHHO CO3JIaHHBIX JIOKYMEHTOB C ILJIEHOUYHBIMU JIU(DPAKIMOHHBIMI
ONTUIYECKUMH SJEMEHTAMU 3aIlUThl, MPeJHa3HAYeHHbIN JIJId ONEHKH aJl-
TOPUTMOB aHAJIN3a JIEMEHTOB 3alllUThl JOKYMEHTOB, M3MEHSIOMNX CBON
ONTHYECKNE XapaKTEPUCTUKN B BUJICOIOTOKE;

nmaker jganHbix DLC-2021 [298|, comepxkamuii Mojesin aTtak Ha MPeIbsiB-
JIEHE JIOKYMEHTOB, BKJIIOYasl CJOydaml IPeIbsBJICHUs IIBETHOI HeJaMUHI-
POBAHHON KOINU JOKYMEHTa, IOJIYyTOHOBON KOIUU JIOKYMEHTa, W CheMKHI

n300parkKeHus JOKYMEHTa C SKpaHa.

4.4.1 Ilaker manupix MIDV-500

st dbopmuposBanus naxera jganabix MIDV-500 ncnosbzoBasoch 50 pasziimd-

HBIX THUIIOB JOKYMEHTOB, YJIOCTOBEPAIOININX JIMYHOCTL!: 17 BHUJI0OB I/I,ZLGHTI/I(I)I/IKaLLI/IOH—






220

Takum obpazom, mnaker gaHHbix MIDV-500 cocrout n3 500 KIUIOB, mpuyem
MPOJIOJIZKATETHLHOCTD KazKJI0r0 COCTaBJIsiIa He MeHee 3 cekyH/I. [lepBble 3 ceKyH bl
KasKJIOro KJIMMa ObLIN pacKaJpoBaHbl ¢ dacToToil 10 KaJpoB B CeKyHy, UTO IpU-
Besio B utore K cosymannio 15 000 xajpos. Kaxkiwrit kajp ob/ajgas pasperieHuemM
1080x 1920 nuxkceseii.

Kazkaprit Kaj1p ObLT aHHOTHPOBAH BPYUHYIO ITyTeM YKa3aHWsA KOOPMHAT YIJIOB
JIOKyMeHTa. Keam yriibl JOKyMeHTa He BUJIHBI Ha KaJIpe, COOTBETCTBYIONA KOOP/IU-
HATHAsT TOYKA IKCTPAMOIUPYETCs 3a TpeJeibl Kaapa (ecm JOKYMEHT BOODIIe He
BUJICH HA KaJ[pe, BCe YeThipe TOUYKHU Oy/IyT JieKaTh 3a MpaHunaMu kajpa). Qopmar

AHHOTUPOBaHUS pUBeJieH Ha pucynke 4.15.

{
"quad": [ [0, O], [111, 0],
(111, 222], [0, 222] ]
+
Pucynoxk 4.15 — ®opmar aHHOTHPOBaHUS KarKJOTO Kajpa B IaKeTe JTaHHBIX

MIDV-500

Kpome Toro, s KaxkJIoro J0KyMeHTa ObLIO TakyKe IIPOBEJEHO BPYUHYIO aH-
HOTHPOBAHNE C YKa3aHUEM KOOPAMHAT TEKCTOBBLIX U I'PAUUECKUX II0JICi, a TaKxKe
UCTUHHBIM 3HAUYEHUEM BCEX MMeIoIuxcs 1oJjeii. DopmaT aHHOTUPOBAHUSI IIPUBEJICH
Ha pucynke 4.16.

Bcero B makere gaHHBIX ObLIO pasMedeHo 48 obsacreii ¢ pororpadueil gepxa-
Tesisd JoKyMeHTa, 40 obsacteil ¢ noamuckio u 546 TekcToBbIX moJeit. [Tomumo noeit,
HAIINCAHHBIX JIATHHCKUMHI OYKBaMU C JHAKPUTHICCKUMU 3HAKAMU, MaKeT JTaHHBIX
COJIEPYKUT TIOJISA, HAITMCAHHble KUPUJIINIEH, a TaKyKe ¢ NCIOJIb30BAHNEM IPEYeCKOro,

KUTaICKOT0, STIOHCKOT0, apadCKOIro 1 MepChJICKOr0 aidaBUTOB.

4.4.2 Ilaker mamapix MIDV-2019

Kak n B ciaygae ¢ makeroMm jganabix MIDV-500, HoBBINT makeT JaHHBIX
MIDV-2019, coumepxxut Bugeokunbl 50 pasjgmIHbIX THUIIOB JOKYMEHTOB, YIOCTO-

BepAIONUX JIMYHOCTh, BKJ/OYas 17 ypocroBepenuit judnoctu, 14 nacrnopton, 13
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{
"fieldO1": {
"value": "Erika",
"quad": [ [983, 450], [1328, 450],
[1328, 533], [983, 533] ]
s
"photo": {
"quad": [ [78, 512], [833, 512],
[833, 1448], [78, 1448] ]
}
+

Pucynok 4.16 — @opmaT aHHOTUPOBaHUS JIOKyMeHTa B nakere jpaHHbix MIDV-500

Tabauna 19 — HoBble yc/10BUst ¢beMKI 1 COOTBETCTBYIOIIHIE 1 IeHTH(UKATOPbI

JIOIIOJIHUTEJIbHBIX KJIUIOB B IakeT jJaHHbX MIDV-2019

‘ N nentucdukarop ‘ Ornucanne ycjioBuit ChbeMKM ‘

«Ilepekorennblity — JOKYMEHT CHAT IPHU CUJIBHON MPOEKTHUBHOM HUC-
DG, DX KaKeHUN ¢ ucrosb3oBanneM Samsung Galaxy S10 (SM-G973F/DS)

u Apple iPhone XS Max coorBercTBEHHO

«Ciraboe ocBelriennes — JIOKYMEHT CHSAT B YCJIOBHUSX €J1abOro ocBe-
LG, LX meHns ¢ ucnosb3oBanneM Samsung Galaxy S10 (SM-G973F /DS) u

Apple iPhone XS Max cooTBeTCTBEHHO

BOJUTE/ILCKUX YJIOCTOBepeHnit n 6 JApyrux TUIIOB JOKYMEHTOB. Te ke camblie Oy-
MazKHbIe 00Pa3Iibl, KOTOPbIE UCIIOJIL30BAJIICH B KAUECTBE NCTOTHUKA [TaKeTa JIaHHbIX
MIDV-500, Tak»ke ncrob30BaInch JJid co3ganns nakera gaanabix MIDV-2019. /s
KazKJIOTO pacrevdaTaHHoro JJOKYMEHTa OBbLIN CHATHI BUJACOKJIUIBI B IBYX HOBBIX YCJIO-
BUSX CHEMKH C UCIIOJIb30BAHIEM JIBYX MOOWIBHBIX yCTpoiicTB. Takum obpa3oM, Ob110
OJIyUeHO 110 4 HOBBIX BUJICOKJIUIA HA KaK/blil JoOKyMeHT (Bcero 200 HOBBIX BUIEO-
dbparmentos). HoBble muentudukaropbl KaumnoB omucanbl B Tadsmie 19. Oopasiip
n300parkKeHnit Jo0aBJIEHHBIX YCJIOBUI TIpeJicTaB/IeHbl Ha pucyHke 4.17.

Omnurmem getajbHee HEOOXOIUMOCTH CHEMKH JIOKYMEHTOB B HOBBIX YCJIOBU-
six. Haunem ¢ ycsoBuit «IlepekomieHnHbliiy, Ipu KOTOPOM JOKYMEHTBI CHUMAJIICH C
CUJIbHBIMU TTPOEKTUBHBIMU HCKazKeHusIMu. TpeboBaHue K crcTeMaM pPaclo3HaBAHUS

JIOKYMEHTOB PadOTaTh B HEKOHTPOJTUPYEMOM PEXKNMe WHOTIA ITPUBOIUT K TOMY, UTO
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10JIb30BaTe/ N (PUKCUPYIOT JIOKYMEHTHI ¢ OOJIBITIMU POCKTUBHBIMI MCKAXKEHUSIMU
— HaIpuMep, 4TOObI n30exKaTh OJIMKOB Ha OTParKafoIINX IOBEPXHOCTIX JOKYMEHTA.
XOTs METO/IBI, BBITOJTHSAIONINE JJOKAIN3AINIO JIOKYMEHTA, ITBLITAI0TCS NCIIPABUTh M300-
pakeHue JJOKyMeHTa Iiepej; 00paboTKoil, He0OX0UMO UMETh IIPABUJILHBIE IIPUMEPbI

COOTBETCTBYIONINX M300parkKeHnii JOKYMEHTOB B TaKeTaX JaHHBIX, YTOObI 00bEKTHB-

HO OLEHUTH IIPUMCHUMOCTDb TaKUX MECTOHOB JIOKAJIN3allu JOKYMECHTOB.

Pucynok 4.17 — Ilpumepnl m300pazkeHnii JJIOKyMEHTOB, CHATHIX ITPU HOBBIX YCJIOBU-
gax cbeMKHu B makeT jganabix MIDV-2019: «mepekomiennbie» cjieBa W CHATBHIE TTPH

«CJIabOM OCBeIlleHnn» — cIIpaBa.

Ko BTOpoit mapTum HOBBIX KJUIOB OTHOCATCH KJUIBI, CHITHIE B YCIOBUSIX
caaboro ocperenns, 6e3 NCMoIL30BaHNs BCIBITKA. B KauecTBe MpaKTUIeCKN Bark-
HOT'O CJTydasi UCIOJIb30BAHUS MMOJIOOHBIX YCJIOBHI CHEMKI MOYKHO MPUBECTH ITPUMED
pacro3HaBaHus YJIOCTOBEPSAIONINX JOKYMEHTOB MACCayKUPOB B TO€3J1aX JaJIbHEero
CJIeJIOBAHUS MPOBOAHUKaMU. Ha moydeHHbIX TakuM 00paszsoM M300paKeHusix jo-
KYMEHTOB TEKCT ITIO-TIPEYKHEMY BUJICH U MOXKET OBITH Pa3/IMuNM YeJIOBEKOM, OJTHAKO
OCR-cucremsbr He Bcerjia yCIIEIIHO CIIPaBJIAIOTCS ¢ 9Toi 3a1a4eii. [Ipumepnl nzobpa-
JKEHNI TEKCTOBBIX TMOJIEl, BBIPE3aHHBIX U3 OT/IEJIbHBIX KaJIPOB, CHATHIX B YCIOBUAX
HU3KOI OCBEIIeHHOCTHU, IpejicTaB/ienbl Ha pucyHke 4.18.

Bee ksmnbl cusitel B pasperiennu Ultra HD (2160x3840 mukcesieit) mpojoJi-
JKUTEJIbHOCTBIO He MeHee 3 ceKyHJI. JlomoHuTeIbHO TepBble 3 CEKYH/IbI KayKJI0Tro
KJIMITa ObLIN pacKkajpoBaHbl ¢ dacToToil 10 KajpoB B cekyHy. Kak m B IakeTe
nanabix MIDV-500, /18 KaxKj10ro packaJpoBaHHOIO M300payKeH!sl BPYUYHYIO OBLIO

BBITIOJTHCHO aHHOTHUPOBaHUE.
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Pucynok 4.18 — Ilpumepbl TEKCTOBBIX T10JIEi, BHIPpE3aHHbIE U3 KJINIIOB, CHATHIX B

yesoBusix «Ciraboe ocBenieHmes.

4.4.3 Ilaker manmubix MIDV-2020

[Taker mamabix MIDV-2020 6asupyerca na 10 Tumax JOKYMEHTOB, KOTOpbIe
HCIIOJIb30BAJINCH B paHee OIucaHHbIX Hakerax jpaHabix MIDV-500 u MIDV-2019.
Ho, B ommmmunn ot mmx, maker jganubix MIDV-2020 craBuT cBoeil meibio 3ajady
obecriedeHnsi BapUATUBHOCTH TEKCTOBBIX IOJIEH, JIUI 1 MOJIIUCel Mpu COXpaHeHUN
PeAJIMCTUIHOCT HAabOpa, JaHHbIX.

Buabl 10KyMEHTOB, YIOCTOBEPAIONINX JUIHOCTD, HakeTa gaHHbix MIDV-2020,
nepeunciennl B Tadsmie 20. st kaxkgoro n3 10 TUIIOB JOKYMEHTOB, IIPEJICTAB/ICH-
HBIX B ITaKeTe JIaHHBIX, ObLIO co3/1aH0 110 100 00pa3IoB JJOKYMEHTOB.

st co3mannst YHUKAJIbHBIX 00pa3IoB JIOKYMEHTOB UCXOJHBIE 00pa3Iibl N300~
pazkenuii, mosydenubie 13 Bukuckiamga (Wikimedia Commons, obiriee meHTpasIn3o-
BaHHOE BUPTYaJIbHOE XPaHIIHIIE JIJIs M300parkKeHnii, 3ByKo3allliceil, BUIe0POJINKOB
U JIPYyIuX MYJIbTUMEINNHBIX (ailjioB, BKIOUYAEMbIX B CTPAHUIBI IPOeKTOB DoH 1A
Bukumena, KOTopble MOXKHO CBOOOJIHO PACIPOCTPAHATD, U3MEHSITH U UCIIOJIb30-
BaTh B JIOOBIX MEJsIX, B TOM YHCIE U 3a IpejeiaMi MPOeKToB Bukmmena)
OBLIM KCIIOJIb30BA/IN T€ K€ MCXOJIHble M300parKeHusd, 4TO U IPU CO3JIaHUU IaKeTa
MIDV-500, koTophle BIIOC/IEeACTBII ObLIN C IIOMOIIBI0 (DOTOPEIAKTOPOB «OUUIIECHBI»

OT MEePCOHABHBIX JIAHHBIX (aMuIusi, UMsi, HOMEp JOKYMEeHTa W T. II.) HOJIuceil
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Tabymma 20 — Tunsr gokymenTos B nakere jganuHbix MIDV-2020

‘ Ne | Kox Tuna J1oKyMeHTa, ‘ Onuncanne Koxn PRADO Kox MIDV-500
N nentudukamoHHbIi
1 alb_id JOKYMEHT ALB—BO—OlOOl 01
Abanun
[TactopT
2 | aze_passport Asepbaii- AZE-A0-02002 05
JIZKaHA
N nerTndukamonHbIi
3 esp_id JOKYyMEHT ESP-BO-03001 21
Wcnanun
N nenTudukamoHHbIi
4 est_id ﬂOKyMeHT EST-BO—03001 22
DCTOHUN
N nentudukamoHHbIi
5 | fin_id AORYMEITT FIN-BO-06001 24
PunIAH-
T
‘ 6 ‘ grc__passport [Tacnopr I'peryn ‘ GRC-A0O-03003 ‘ 25 ‘
‘ 7 ‘ lva_ passport ‘ [TactopT JlarBun ‘ LVA-AO-01004 ‘ 32 ‘
‘ 8 ‘ rus_internalpassport ‘ Bayrpennnit maciopt P® ‘ — ‘ 39 ‘
‘ 9 ‘ srb_passport ‘ [Taciopt Cepbun ‘ SRB-AO-01001 ‘ 41 ‘
N nerTndukaimoHHbIi
10 SVk_id JOKYMEHT SVK—BO—05001 42
CoBakmn

U IMepCOHAbHBIX poTorpaduil. 3aTeM HOBBbIE CreHEPUPOBAHHBIE 3HAYEHUS TaKUX

IIepCOHaJIbHbIX JdaHHbIX ObLIN ,HO6&BJI€HI)I K I/1306pa}K€HI/IHM C HCIIOJIb30BaHUEM

HadyepTaHusl MMpudTa IMOXOXKEro Ha UCXOJHbIN ImpudT obpasna gokymeHTa. o-

MOJTHUTEJIBHO JIJI KayKJI0TO JIOKYMEHTa Obljia creHepupoBaHa (DUKTUBHAS TO/IINCH,

OTIaJICHHO HallOMUHaIoIlad HalllCaHnue CbaMI/LHI/H/I, a TaKzKe CIreHEPpHUPOBaHO YHUKAJIb-

HOe U300parkKeHue JInIA.

SHadeHns TaKuUX IoJieill Kak I1oJI, HdaTa POXKIACHHA, HdaTa BblAa9M K CPOK

ﬂeﬁCTBHH JOKYyMeHTa ObLIIN creepupoBaHbl B COOTBETCTBUHN CO CHeLLI/IClDI/IKOﬁ CTpaH-

OMUTECHTOB U 3aJaHHbIM PacCIIpE€Ac/ICHNEM BO3PAaCTHLIX WU I'€HACPHBIX ITapaMETpPOB:

— 80% JMOKYyMEHTOB COOTBETCTBYIOT B3POCJIBIM BJIajiesibliaM (B Bo3pacTe or 18

10 60 j1er), 10% JOKYMEHTOB COOTBETCTBYIOT TTOYKILIBIM JIFO/ISIM (B BO3pacTe

ot 60 mo 80 ster) u 10% — mersim u moapocTkam (70 17 J1eT) B 3aBUCHMOCTH
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IUSIMU PACIIOJIO’KeHbI B apxuBe «photo.tars makera manaeix MIDV-2020. mena
n300parkeHnii COOTBETCTBYIOT MMEHaM I1abJ/IoHa, U3 KOTOPOIo ObLI cO3JaH (husnte-
ckuit jokymenT. Beero 1000 dbororpaduit. @opmat anHOTAINN NCITOTB30BAICA TOT

Ke, 9TO 1 JJId aHHOTHUPOBaHUA CKaHOB.

Bugeokaumnbl goKyMeHTOB /JIs Karkjgoro obpasia JOKYMEHTa ObLI CHST BH-
JIEOKJTUIT C UCIOJIB30BAHUEM TOTO YK€ PaCIIpejieJIeHns YCJIOBUI CheMKU, YTO U JIJIsi
dororpacdnii. Kaxkapiit K cHIMaJIcs BepTUKAJIBLHO, B pa3perienun 2160 x 3840
nukceseit, co ckopoctbio 60 KagapoB B cekyHay. Beero 0n110 nogrorosieno 1000 po-
JINKOB PAa3HOIl JINHBIL.

Vcxoaable KIUIbL ObLIN pa3jeieHbl Ha KaJIpbl ¢ moMolbio fimpeg Bepcun n4.4
¢ mapaMeTpaMu 10 yMOJIYaHUI0. AHHOTHPOBAHUE IOJBEPraJics KaxKjblii 6-0i Kajp
JaHHoro Kjuna. JIjs 3Toro Oblia BBIIOJTHEHA COOTBETCTBYIONAS PacKaJPOBKa BU-
JIEOKJINIIA, B paMKaX KOTOPOI ObLI COXpaHeH KarkKJIblil 6-0if KaJp U creHepupOBaHbI
daitsibl Buja «000001.jpg», «000007.jpg», «000013.jpg» u T. 1. B camom MajieHbKOM
BIJICOKJIUIIE B UTOIe IOJYUYUJIOCh 38 aHHOTHPOBAHHBIX KaJIPOB, B CAMOM OOJIbIIIOM
— 129 annoTnpoBaHHBIX KaJIpoB. Beero nabop jlanubiX BKIoYaeT 68409 anHOTHPO-
BaHHDBIX BUJIEOKAIPOB.

Kajpbl ¢ cOOTBETCTBYIOIMMI aHHOTAIUSIMI COXPAHEHBI B TAKeTe JIaHHLIX B
apxuBe «clips.tars. AHHOTaIINs KayKJI0ro KaJpa UMeeT TOT Ke opmart, 9To U I
doTrorpaduii 1 OTCKAHUPOBAHHBIX N300pazKeHuil. VcxoaHbie Buieodaiiibl HAX0IsAT-

cda B apxuBe «clips  video.tars. Bee BuI€OKIHIIBI OBLIN JIUIIEHBI 3BYyKOBOT'O KaHAJIA.

4.4.4 Ilaker manubix MIDV-LAIT

["1aBHOIT 0COOEHHOCTHIO FTOTO MAKeTa JAHHBIX SABJIAETCA TO, YTO BCE CO3/IaHHbIE
YIIOCTOBEPSIIONINE JIOKYMEHTBI COJIEPYKAT TEKCTOBBbIE I0JId JIMOO Ha, IMEePCUICKO-
apabCKOM sI3bIKe, JIMOO Ha, TaliCKOM SI3bIKE, JIMOO BBIIOJHEHBI C HCIIOJIb30BAHUEM
Kakoif-ymmbo nHanitckoit nucbmennoctu. Tak, B nHazpanuun MIDV-LAIT 6yksa «L»
O3HAYAET JIATHHUILY (B OCHOBHOM, 9TO aHIVIMHCKUIT S3bIK), «A» — HePCHICKO-apab-
CKYIO IHCbMEHHOCTh, «[» — pa3HOBUIHOCTH WHJUHCKON NMUCBMEHHOCTH, a «T1» —
narunaniy. s taiickoro. ITaker gamabix MIDV-LAIT cogepkut n3odpazkeHus yio-

CTOBEPSAIONINX JOKYMEHTOB MOMUMO JIATUHUIIBI €1le B ABEHAIIATH MUChbMEHHOCTSIX.
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Pucynok 4.26 — Pazjmanble BapuanThl duces1 B makere jganabix MIDV-LAIT.

4.4.5 Ilaker mamabpix MIDV-Holo

[ToMuMoO 3aja4un HEIMOCPEJICTBEHHO PaCIIO3HABAHMUS JOKYMEHTa, YI0CTOBEPsIo-
Iero JIMTYHOCTD, BKJIOYAIONIEll B ceOs ompejiesieHne TUIA JIOKYMEHTa, U3BJIeUeHUe
3Ha4YEHUil ero arpubyToB, BayKHOI 3ajadeil sIBJIsIeTCS aBTOMATHYECKas MPOBEPKa,
JeficrBuTebHOCTH. HacTh 3alUTHBIX 3JIEMEHTOB, HCIOJIB3YEMbIX IHPU TPOM3BO/I-
CTBE JIOKYMEHTOB, YJIOCTOBEPSIONMINX JIMYHOCTh, CIENUaJbHO IpeJIHa3HAuYeHa, JIJIsi
3alllUThl OJIAHKOB OT KOIMI WanM BocupoussejeHusi. OpHEM U3 IOJAXOJ0B K 3a-
IUTe JIOKYMEHTOB, YJIOCTOBEPSIONIUX JUIHOCTD, siBJIdgeTcs ucnob3oBanne OVD
(Optically Variable Devices) — 9/1eMEHTOB ¢ U3MEHSIIOIIUMUCST ONTHYECKUME XapaK-
TepucTuKamMu. B psijile TaKux 3JeMEHTOB OOJIBIIYIO HUINY 3aHUMAIOT I1JIETOYHBIE
JNDPAKIIMOHHBIE ONTHYCCKUE 3JIEMEHTBI, YaCTO Ha3bIBAEMbBIC «T'OJIOI'DAMMAMUIY, XO-
Tsl B CTPOroM (PpU3MIECKOM CMBIC/IE€ OHHM FOJIOTpaMMaME, Jallle BCEro, He siBJISTIOTCS.
Vcronib30BaHne Takux 3JIEMEHTOB, K IIpUMepy, pekomenoBaHo Espomneiickum Coro-
30M [304] mist 3amUTHl JOKYMEHTOB OT KOIMPOBAHUS, OCKOJIBKY BOCIIPOU3BOIUTH
TaK/e JIEMEHThI 3all[UThl HEBO3MOXKHO JIEIKOJAOCTYIHBIMU TTOJUIPAUICCKUMEI Me-
TOJIaAMU.

Ontuyeckuit 3pdeKT IMIEHOYHBIX JUMPAKINOHHBIX ONTHIECKIX 3JIEMEHTOB
JIOCTUTAETCsI 38 CUET B3aUMOJIEHCTBUsI CBETa, C IEPUONICCKUME PeIbeHBIMU CTPYK-
TypaMu MaJibIX MepuojioB (Mopsiaka 1 MKM), OpraHU30BAHHBIMIE, KaK IPABIIIO, B
BuJie TuKceseil pazmepom 5-50 MKM. [Ipu ocBemeHnn TOYEUHBIM HEMOHOXPOMATH-
YeCKUM HCTOYHUKOM CBETa 9TH CTPYKTYPbI CO3/IAI0OT IBETOBBIE, JUHAMUIECKUE I
apyrue xapakTtepabie ontndeckne 3hdektsl [305]. [Ipumep «rosorpavm» Ha JOKY-
MEeHTaX, YJIOCTOBEPAIONINX JIMIHOCTD, MPUBEJAeH Ha puc. 4.27.

Opnnolt M3 0cobeHHOCTEN 3aJa4ul aBTOMATHYECKON BepudUKaIUN HAJIIINs
WM OTCYTCTBUS IOJIOIPpAMMbI Ha JOKYMEHTE sIBJISIeTCSI HeOOXOIMMOCTH aHaJIN3MU-
poBaTh BUJECOINOTOK, ITOCKOJIBKY OJIHONO KaJipa Wmin (ororpaduu HEeI0CTATOIHO
JIUIsT TIPOBEPKU M3MEHSIONINXCST XapaKTEePUCTUK 3alllUTHBIX 3JeMeHTOB. B Jimtepa-
Type HPeJIOyKEeHO HECKOJIBKO METOO0B OIpEeJIeeHIsI IPUCYTCTBUSA TOJOIPAMM Ha,

AJOKYMEHTaX, YIOCTOBEPAOIINX JINYHOCTDb, OJHAKO N3-3a OTCYTCTBHA OTKPbBITBIX JIJIfA
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Pucynok 4.27 — IIpumep NCKYCCTBEHHO CO3JaHHOTO MMACIOpTa ¢ JUQPPAKITUOHHBIMI
OIITUYECKUMH dJIEMEHTaMI 3allUThl OJ1aHKa, coTorpadupoBaHHOIO IO, IBYMS Pa3-
HbIMU yryiaMu. MoyKHO 3aMeTHTb, UTO rojiorpadudecKuii pucyHOK M3MeHsIeT CBOU

IBETOBBIC XapPaKTEPUCTUKN B 3aBUCUMOCTU OT yIJIa 0630pa.

uccJjeoBaTeseil IakeToB JaHHbBIX, COJEPKAIINX JOKYMEHTbBI ¢ 3alllUTHBIMU 9JIeMeH-
TaMU I10J00HOI0 POjia, He IPEeJCTaB/IsIeTCsl BO3MOXKHBIM IIPOBOJIUTH OOBEKTUBHbLIE
SMIINPUYECKIE OLIEHKN TaKIX MeTO/IOB. B CBsI3H ¢ 3TuUM, B paMKaX JIICCepTalnn ObLI
Takke co3jaH naker jaHHbix MIDV-Holo, copepzkariuit BujeomnocieoBaTe/ ibHO-
CTU UCKYCCTBEHHBIX JJOKYMEHTOB, YIOCTOBEPSIONINX JITIHOCTD, C NOJI0OrpadUIecKIMI
9JIEMEHTaMU 3alllUThI.

s cosmanus nmakera ganabix MIDV-Holo Obuti mpeBapuTeibHO MOJATOTOB-
JIEHBI IIyCThIe MAabJIOHbI JOKYMEHTOB «¥YTonuns — 10 THIIoB mabJ/IOHHBIX IaCIIOPTOB
paszmepom 125 x 88 MM u 10 TuoB nIeHTUPUKAITMOHHBIX KapT pa3MepoM 85.6 X 54
MM. Paszmepbl ObLIn BBIOpaHbI COIVIACHO MEXKIyHApPOJIHBIM CTaHapTaM Kak HanOo-
Jlee pacrpocTpaHeHHble B Mupe. zobparkenus jiyist boHa OjiaHKa JTIOKYMEHTa ObLIN
MOJIyUeHBbl M3 MarasmHa CTOKOBBIX m3obpazkenuit [306]. Mzo6pazkenusi ObLN 11pe10-
OpaboTaHbl 1151 CO3JaHKs (DOHOB JIOKYMEHTOB B Pa3/IMYHBIX IBETOHBIX TOHAX U C
PA3JIMIHBIMU  Y30PAMHU.

['paduveckue (pororpadus Jmna Biaje blia U MOJINCH) U TEKCTOBbIE JIAH-
HbIe OBLJIN MTOJTyY€eHbI ITyTEM aBTOMATUYIECKOI MeHepalIui, aHaJJOr'MIHO TOMY, KaK 9TO
JlesiaJioch 1pu cospannn mnakera jaHabix MIDV-2020, onncaHHOro BbIIlIe B CEKIINH

4.4.3. Tlpumepsl MOTyUeHHBIX JOKYMEHTOB IIPEACTABICHBI Ha puc. 4.28.
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UTOPTA
Type Eountry Code Passport MNo

PASSPORT P uTo 06382633K

Suangne Givén name

FRANKIC £ ARIJAN UTQRIA

£ IDENTITY CARD

Dog Platesal birth Sex Nazareth Rocha Jaime ‘ F 23/06/1974 BROWN ‘

19/06/1973 PETIT~THIER M —_

D01 e G S esiie et ahat oy OSTERFARNEBO  23/06/2032

20/06/2022 ASSENOILS HTRPTL SMART ENGINES

DoE
20/06/2032
Authority.

SMART ENGINES

Addres Torggatan 4
81020 OSTERFARNEBO

Sighature

039928815520

< ne  Fulgencio Negrete Carmona

146 el ®
0394482630492-12

P<UTOFRANKIC<<ARIJAN<K<K<C<K<LLLLLLLLLLLKLLK<K
00382633K1UT07306192M3206205039928815520<<02 b) ID-kapTa «¥Yronun»

a) [Tactopr «¥Yrormums
Pucynok 4.28 — IIpuMmepbl MOJyYeHHBIX TA0JOHOB MCKYCCTBEHHBIX IACIIOPTOB U

UJIeHTUDUKAIINOHHBIX KapT.

s Bcex mabJIOHOB IACIOPTOB U WJACHTU(MUKAITMOHHBIX KapT OBbLI CO3JIaH
eJIMHBI MTab/I0H ToJI0rpaduIecKoro pucyHka. bunapuble MAcKu CO3JaHHOTO T'0JIO-

rpachuyueckoro pruCyHKa IpejicTaBjieHbl Ha puc. 4.29.

b) Macka mjst ID-kapt

a) Macka Jijis1 TactiopToB
Pucynok 4.29 — Bunapsble MacKu CO3JIaHHOTO TOJIOTPahUIECKOro PUCYHKA JIJIs TTac-

MOPTOB U WJICHTU(DUKAIMOHHBIX KapT (6esbIMu THUKCeIsiMi 0603HAYEHBI TOYKH, B

KOTOPBIX HAXOUTCST W3MEHSTIONIIICS TOTOrpadpuaecKuii y3op)

[Lnenounsle JudpakIMOHHbIC ONTHYECKUE 3JIEMEHTBI C CO3JIaHHBIM DPHCYH-
koM ObLn marorosiienst Llenrpom Tonknx Onrudecknx Texnomornit [307] meTomom
3JIEKTPOHHO-JIy4eBOil JTUTOrpadun, ¢ UCHOIb30BAHUEM CJI0A CyIbMUIa IIHKA M0/

TEPMOILTACTUIHBIM MATEPUATIOM C JUMPPAKIINOHHBIMUA PeTbeHBIMI CTPYKTYPaMHU,
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JUIsl TIOJIyUeHus 1po3padHoil mienku. I1adboHbl n300parkKeHuii 1maciuopToB U UJIeH-
T(UKAIIMOHHBIX KapT ObLIN paciiedyaTaHbl Ha (hoTodymare, 3aJaMIHUPOBAHbBI, U
MOKPBITHI IJICHKOI ¢ roorpaduyecKIMU SJIeMEHTAMU.

st MopenupoBaHMsI  CIieHAPHEB CHEeMKH JIOKYMEHTa, He COJAePrKalllero
rojjorpaduuecKnxX 9JeMEHTOB 3alllUThl, TaK:Ke ObLIM IIOJAI0TOBJIEHBI IIPUMEPDI
JIOKYMEHTOB 0e3 rojiorpad@uieckoil IJIEGHKM U IHPUMEPHI JIOKYMEHTOB C HMHTAa-
nueit rosiorpaduydecknii IJIBHKM HECKOJIbKHUX BHAOB. IIpumepnl nsobparkeHumi
«CKOMIIPOMETHPOBAHHBIX» JIOKYMEHTOB, COOTBETCTBYIOIIUX MCXOJHOMY OpUIMHA-
JIy, TIpejicTaB/ieHHOMY Ha puc. 4.27, npusejiensl Ha puc. 4.30.

[TosryueHHble JOKYMEHTHI ObLIM CHSITHI Ha BHJAEO IIPU IIOMOIIM MOOMJIBLHBIX
ycrpoiictB iPhone 12 u Samsung Galaxy S10 B pasjndHbIX YCJIOBUSX OCBeIlle-
Husi, 001Nt pa3mep nakera JlaHHbIX cocTaBut 700 BugeornocaeoBaTebHocTei. s
KaJIPOB BU/IEOIIOC/IEI0BATE/IbHOCTH ObLIM BPYUYHYIO pa3sMedeHbl TOUYHbIE KOOPJIMHA-
Thl JIOKyMEHTa Ha M300PasKeHUM, aHAJOIMYHO JPYIUM IIaKeTaM JaHHBbIX ceMeiicTBa
MIDV. Ilpumeps! KaJipoB MOJYUYEHHBIX BUJIEONOC/IEI0BATEILHOCTEN TPEICTABIEHBI
Ha puc. 4.31.

Cosmannbiit Habop ganabix MIDV-Holo gpisiercs yHMKaJIbHBIM B CBOEM
pojie, TOCKOJbKY B OTKPBITOM JOCTYIIe OOJIbIIIe He CYIIECTBYeT I1aKeTOB 3JKCIIe-
PUMEHTAJIbHBIX JIAHHBIX M300parkKeHuil U BUJIE0IIO0C/Ie/I0BaTe/IbHOCTEl JIOKYMEHTOB,
VIIOCTOBEPSIONINX JINYHOCTD (UJIM UX MAaKeTOB), KOTOPBIE Obl COJIEPIKAJIH TLJIEHOTHBIE
I PpaKIMOHHBIC 3JIEMEHTDI 3aIUThI, 1 KOTOPHIE TEM CAMbIM II03BOJISIN ObI 00bEK-
THBHO aHAJIM3UPOBAThL pabOTy ajaropuTMOB aBTOMATUIECKON BepUQMUKAIIIMI HAJIN LI
3aIlIUTHBIX FOJIOTPpaMM TP aHAJII3€e BHJICOINOCICI0BATEIbHOCTEH IOKyMeHTOB. [1y6-
JMKalus cozjgannoro mnakera gaHobix MIDV-Holo mosBonnT mcciegoBaresism B
00J1IaCTH aHaJIM3a U Paclo3HaBaHUsI JOKYMEHTOB BbIBECTH YPOBEHb paspabaTbiBae-

MbBIX METOJO0B M aJI'OPUTMOB Ha HOBBII1 YPOBEHD.

4.4.6 Ilaker panmapix DLC-2021

B pamMkax cucreMm anajnsa 1 paclo3HaBaHUs JIOKYMEHTOB, yIOCTOBEPSIONINX
JITYHOCTD, TTOMUMO BepUMDUKAINN HAJTUINS 3aIlUTHBIX 9JIEMEHTOB OJlaHKa (Takmnx,
Kak JnpaKIimoHHbIe OINTHYECKHe 3JIEMEeHTHI, 3a/ielfiCTBOBaHHbIE B IIaKeTe JIaHHBIX

MIDV-Holo, onucansoM B mpejbliyieil CeKiun), BayKHOil 3aj1adeil sipjisiercst 0OHa-
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5.4 Iloacucrema o6padoOTKM MIadJOHA JOKYMEHTA

[Tocsie Toro Kax Bce 1MIabJIOHBI, PA3/JNINMble HA BXOJHOM M300payKeHuu, Haifi-
JIeHbI 1 MJIeHTHDUINPOBAHDBI, KaxK/JIblil 13 HUX 00pabaTbiBaeTCs B COOTBETCTBUU C
3apaHee OIpeIeIeHHBIM MPOIECCOM, TapaMeTPhl KOTOPOT'O XPAaHATCS B HaCTPOKax
pacriosnasanns mabsonos (6sok T10).

[TockobKy mabJioH UAeHTHMUIIMPOBAH U €r0 reOMeTPUIecKoe M0JI0yKEeHne Ha
n300parKeHnu OIpeJiesIeHo, MOJIoKeHne 00bEKTOB MOXKET ObITh BBIUNC/IEHO, & 00pa-
3bI OOJIBINIMHCTBA OT/E/IBHBIX 3JIEMEHTOB MOTYT OBITb M3BJIEUEHBbI C IOIIPABKOI Ha,
YIJIOBOI1 IIOBOPOT 1 IIPOEKTUBHBIE NCKaKeHUsI. Bojiee Toro, ecim u3BecteH Qpusnde-
CKUIl pa3Mep CTPAHUIIbI JJOKyMEHTa, COOTBETCTBYIOIIEi oOpadaThiBacMOMY 11a0JI0HY,
o0pa3 KarKJI0oro OTJIeJIbHOIO 00beKTa MOXKeT ObITh CIeHEePUPOBAH C 3aJlaHHBIM IIPO-
CTPAHCTBEHHBIM pas3pelienneM (HampuMmep, ¢ (DUKCHPOBAHHBIM YHCIOM MHKCeell
Ha Joitm). OnHako hakTHueckoe paspelieHne ¢ TOYKU 3peHHsi KOJMYeCTBA MH-
dopmanun, XpaHdmeics B KaxKJOM IIHKCeIe, 3aBUCUT OT pa3pelieHust UCXOHOTO
m300paxkenns. Tem He MeHee, TOUHBIE KOODIUHATHI 1TabI0Ha (N, 1O KpaiiHei me-
pe, TUIIOTe3a) He BCErjia O3HAYAIOT, YTO M3BECTHBI TOUYHBIE KOOPJMHATHI KAyKJIOTO
00beKTa JIJIsl PACIIO3HABAHUS U aHAJIM3a. XOTs MOJ0KEHNEe CTATHIECKIX 9JIEMEHTOB
madJsioHa (pUKCUPOBAHO, OTJIe/bHbIE O0bEKThI, TaKNe KaK TEKCTOBBIE IOJIs, MOTYT
UMETh Pa3HYIO JJIMHY U JlaKe MEHsSITh ToJiozKeHne. Harpumep, paccMOTpUM TPETHIO
(raBHYI0) cTpaHuiy nacropra rpaxjganuaa P® (cm. pucynok 5.2). Ilepsbie Tpu
noJist cBepxy - @amumiinst, Mmst, OraectBo. B mab/ione ecTh COOTBETCTBYIOIINE CTATH-
YecKne MEeTKHU U T0UePKIBAaHUsI, KOTOPbIE YKA3BIBAIOT, TJI€ JOJIZKHBI PACIIOIAraThCs
5ti 11oJist. OJIHAKO TOPUB0HTAJIBLHOE I0JIOYKEHHE KayKJIOro IOJId MOYKET OTJIMYaThb-
cd B pa3HbIX 9K3eMILIAPAxX OJHOTO THUIA JIOKyMeHTa. bojiee Toro, ms-3a J1edeKToB
[evYaT T 10/ MOIYT ObITh CMEIIEHbI BJIOJIb BEPTHKAJIBHBIX OCell (BO3MOXKHO B
TOM YHCJIE [IepeceveHne O CTATHIeCKUMI JIMHUSIMU Ha POHE), & TaKKe MOJIsT MOTYT
UMeTh HeOOJIBINON HAKJIOH.

DTO NPUBOJUT K HEOOXOJIMMOCTH BBEJICHUSI ITPOMEXKYTOUHONH CyOCTPYKTYPHI,
IIPEeJICTABJIAOINICH JIOKAIN30BAHHYIO 00/1aCTh I1ab/I0oHa, KOTOPas JOJXKHA HCIOJIb-
30BaTbhCs JIJIsI [IOMCKa OT/AeJbHbIX 00bekToB. B cucreme Smart ID Engine stn
cyOCTPYKTYpbI Ha3biBaloTCst "30HaMu" (II0Ka3aHbl CUHUME TIPIMOYTOJIbHUKAMU Ha

pucyHuke 5.3).
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Pucynok 5.3 — Ilpumep macnopra Ypyrsas n WLTIOCTPAINA 30H PACITIO3HABAHUS.

BonHa — 3T0 00JsIacTh 1abJIOHA C 3apaHee OlpeJIeIeHHBIMI KOOPINHATAMI, KO-

Topasi MOKeT ObITb OOpaboTaHa €JIMHUYIHBIM IIPUMEHEHHEM HEKOTOPOro 3apaHee

OIPEJICJICHHOTO AJITOPUTMa, KOTOPBIIl CerMEHTUPYET 30HY M M3BJICKACT OTJE/IbHbIC

O0'bEKTHI, TaKie KaK TeKCTOBbIE IOJIsI UM KaKue-Jn0o Apyrue 00beKThl, IpeIcTaB-
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Mep, B 1polecce T8 MOXKHO BBIOpaTh OJHO JIydlllee M300pazKeHue IyTeM aHaJI3a
doKycHpoBKH, OCBelleHns nin Hajamaust 01uKoB. IIporece T8 MoxKeT ObITh HCII0JIB30-
BaH JJIs1 aHAJIN3a, ONTHIECCKI U3MEHIEMBIX 3JIEMEHTOB, HAIIPUMeED T'oJI0rpadUIecKIX
9JIeMEHTOB Oe301acHOCTH. TaKoi aHa/ M3 MO3BOJISIET MPOBEPUTHL U3MEHEHNE STUX dJIe-
MEHTOB MKy KaJ[paMI U CPABHUTD C TeM, KaK JIOJI>KEeH BeCTU cebsi JIefiCTBUTE/IbHbII

(Hero e/ IbHBII) 0ObEKT.

5.5 Iloacucrema popmMupoBaHUsa pe3ysIbTaTa PaCIO3HABAHUS
JOKYMEHTA

[Tocie 06paboOTKM BCeX OTIENbHBIX MAOJIOHOB (B KOHIE THKJIA MPU YCJIOBUM
D1), ciemytomnmit sran B cucreme Smart ID Engine — 910 06mumit BbIBOI 0 JIOKY-
MeHTe B 1ejioM. B napamerpax jokymenTa (0s10k D6) xpanuTest 3apanee u3BecTHas
nHdopMaliid 0 JIOKyMeHTe, HallpUMepP, TUII, COCTaBJSIONNE TadJ0Hbl U 00bEKThHI
pacrio3HaBaHusl, KOTOpble OXKUIAIOTCS B BBIBOJIE.
3aKTI0UNTE/ILHBIM STAIIOM aHaJIn3a JOKYMEHTOB SBJISIETCS ITAll TMOCTOOpa-
oorkn (670K D2). TekcToBble TOJA YIOCTOBEPEHUH JITIHOCTH OOBITHO HMEIOT
OIpEJIeJIEHHYIO CUHTAKCUYECKYIO0 M CEMaHTHUIECKYIO CTPYKTYPY, KOTOpas NU3BECTHA,
3apanee. Takasi CTPyKTypa, Kak IIPaBUJIO, BKJIOUAET B cebs CJIEIYIONIEe KOMIIO-
HEHTBI:
1. Cunrakcuc: mpaBumia il CTPYKTYPBhI TEKCTOBLIX moJeit. Hampumep, mo-
JIe «JlaTa POKJIeHUs» MAITTHOYUTAEMOI 30HbI 3arPaHIIacioPTa COCTOUT U3
IIECTH CUMBOJIOB, KaXK/IbIil N3 KOTOPBIX MOXKET NMPUHUMATHL OJIHO n3 11 BO3-
MOYKHBIX 3HAUYeHUl (JecsTiuaHble MUMPBI 1 CHMBOJI 3AII0/THEHS ).
2. CemaHTHKa I0JIsT: IIpABUJIa JIjI CEMAHTUIECKON WHTEpIpeTalnl TEeKCTO-
BOT'O II0JISI WJIM €ro cocTtapidomux. Harpumep, mojie «gara pOXKICHUS>
MAITNHOYUTAEMOIT 30HBI 3aIPAHIIACIIOPTa 3AINCHIBACTCA B (DUKCIPOBAHHOM
dopmare «YYMMDDy», rae «YY» - jaBe nocsegane mudpbl roga, «MM»
- mecsr ¢ 01 o 12, «DD» — nenb (B cOOTBETCTBIM ¢ HOMEPOM MeCSAIA), a
HEU3BECTHBIE KOMIIOHEHTDI JIAThl 3aMEHSIOTCS [apaMi CHMBOJIOB 3aIl0JTHE-
HAA «<<<».
3. CemaHTHYeCKN€e OTHOIIEHUs: IIPABUJIA [IJIsi CTPYKTYPHBIX WM CEeMAHTH-

YeCKUX OTHOIIEeHUIT MEXK/Yy PpPa3JIM9YHbIMK IIOJIZIMM  OJHOI'O M TOI'0 2Ke
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ToKyMeHTa. Hampumep, B J0CTOBEPHBIX JOKYMEHTaX, JaTa B 3HAYEHUU I10-
JIsh «JlaTa BhIIadn» OBITH OoJiee paHHeil, YeM jlaTa B 3HAUYEHWH T10JId «J1aTa
POZKJIEHUS».

Ecnun na BXoJ, cuCTEeMBI TOJIAETCA BUIEOTOTOK, TO TIOC/IE 9Tala MOCTOOPabOTKN
JIOKyMenTa D2 JoJKHO OBITH NMPUHATO PeNienne O TOM, MOYKHO JIN CIUTATH PE3yihb-
taT KoHeuHbiM (0s10k D3). Ha 9710 pertienne BAUSIOT He TOJBKO YCJIOBUS OCTAHOBKH
pacIo3HABAHUS JIJIsT OTJIEIbHBIX 00 EKTOB (KOTOPBIe poBepsitoTcs B Oyioke T9), Ho u
HaJIm4Ine B cOPMUPOBAHHOM pe3YJIbTaTe JjIsd JOKYMEHTa B 1EeJI0M OXKHIAaeMbIX 11a0-
JIOHOB W COOTBETCTBYIONINX 00bEKTOB. Ec/n pe3y/bTar MOYKHO CIYUTATh KOHETHBIM,
TO OH CTAHOBUTCsI pe3ysbraroM Tporecca (610K D), a mporiece paciio3HaBaHusT 3a-
BepiaeTcd. Ecmn pe3ybTaT He CUNTAETCS KOHEYHBIM, TO ITPOUCXOIUT IMOJTydeHne
caemyoniero kKajapa (6s10k F1), u mporecce npogoszkaercst. [IpoMeskyToTHbIH pe3yiib-
TAT BHYTPU IUKJIa MPOIECCa TaKyKe MOYKET OBITh BO3BpAIIEH I0JIb30BATENO I/

BU3YAIU3AINI 1 BHEITHEro KOHTposs (60K D4).

5.6 OrmeHKa ObICTPO/IeiicTBUs B 3aja4e MOOUJILHOI'O PACIIO3HABAHUS

Bpewmsi, HEoOXo MO cECTeMe paclo3HaBaHUs JjIsI ITOJIHON 00PabOTKU OJIHO-
ro KaJipa BHJIEOTIOCIC0BATE/ILHOCTH Ha, MOOMILHOM YCTPONCTBE, BKJIIOYAET B CeOs
IIOJIHBIN HADOP ITAIOB, T.€. MOUCK JOKYMEHTa Ha M300parKeHuH, OIpejie/ieHue KOop-
JMHAT ero cTpanut (1mab/I0HOB), Olpe/Ie/IeHne TUIIa JIOKYMEHTA, MOMCK TEKCTOBBIX
moJielt ¥ JIPpYyruxX 3HAYUMBIX OOBEKTOB, Paclo3HaBaHHE TEKCTOBBIX moJeil. Obriee
BpEMsI HACTOJIBKO CJIOYKHOI I10CJIeI0BATEILHOCTI Olepaliiii Hem30€KHO 3aBUCUT OT
OO0JIBIIIOI0 KOJINYIeCTBa (PAKTOPOB, BKJIOUas paspelleHne NCXOIHOTO N300parkKeHusl,
KOJIMYECTBO 3HAYNMBIX OObEKTOB U TEKCTOBBIX T0JIEl Ha JIOKYMEHTE, 1 OCOOCHHOCTH
CaMOI'0 BBIUNC/IUTE/ILHOIO YCTPONCTBA.

Jl1s KOJIM4IecTBEHHOM OIEHKN ITPOU3BOAUTEIbHOCTH CUCTEMbI Ha MOOMJIbHBIX
ycTpoiicTBax ObLIO 3aMepeHO BpeMsi 00pabOTKM peaju30BAHHON CUCTEMBI OJHO-
ro KaJipa BHUJIEOIOC/IE/I0BATE/IbHOCTU, C HCIOJb30BAHUEM PA3JIMIHBIX MOOMIbHBIX
YCTPOMCTB 1 pacrevaTaHHbIX TPUMEPOB JOKYMEHTOB 13 nakeTa ganubix MIDV-500.
PesysibraThl 3aMepoB IpeacTaB/IeHbl B TaduIe 24.

Kak MOXKHO 3aMeTHTh U3 TabIHuIbl 24, BpeMsi 00pabOTKN KaJipa 3HAYUTETHHO

BapbupyeTCd B 3aBUCUMOCTH OT HCIIOJIB3YEMOI'O yCTpOﬁCTBa (B JaCTHOCTHU, MO2KHO
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Tabsuna 24 — CpejiHee MOKaIPOBOe BpeMsl (B CEKyHIaX) 00pabOTKH JIOKYMEHTa,

YJIOCTOBEPSIONIEro JITYHOCTh, HA MOOMIBHOM YCTPOICTBE.

[TactopT Box. I [MTacopTt | Bog,
acropT
MobubHoe ycTpoitcTBO PO YHOCE: P Azepbait- | yrocr.
Tepma- Cepbun
(cTp. 3) JIZKaHA Snonun
HUH
Huawei Honor 8 (2016) 0.21 0.52 0.74 0.76 0.92
Xiaomi Pocophone F1 (2018) 0.12 0.28 0.49 0.42 0.61
Apple iPhone XS (2018) 0.08 0.22 0.31 0.37 0.39
Samsung Galaxy S10 (2019) 0.10 0.21 0.30 0.31 0.42
Apple iPhone SE 2 (2020) 0.07 0.18 0.20 0.34 0.41

3aMETHTb SBHYIO CBSI3b IMPOU3BOJUTENIHLHOCTH CHUCTEMBI C TOJOM BBIMyCKA MO/Ie-
JIN MOOWJIBHOTO yYCTPOWCTBA, BBUJY YBEJIUUYCHUS MPOU3BOIUTETHHOCTH MOOUIBHBIX
MEHTPAJTBHBIX [POIECCOPOB), TaK U B 3aBUCHMOCTH OT PACIO3HABAEMOTO JIOKY-
MeHTa. MuamMabHOE BpeMs 0OpPabOTKU JIOCTUTAETCA Ha 3- cTpaHulle MaciopTa
rpaxkjgannaa P® 6e3 MalllmHOYNTAEMOI 30HBI, COJIeprKallell JIMIb 9 TEKCTOBBIX
1oJielt, BBITOJTHEHHBIX KUPUIINIECKUM aldaBUTOM U 2 TMoJd 13 1udp u 3Ha-
KOB IIpelIMHaHUsI, MaKCUMaJbHOE BpeMsi 00paboTKU TpedyeTcs JiJisi paclio3HaBaHUs
BOJUTE/ILCKOTO YyJIOCTOBEepeHns AmoHnu, Ha KOTOPOM IPUCYTCTBYET CTaHIapTHAasd

KOJIJIEKIIHs TI0JIell Ha SAMOHCKOM si3biKe (1opsiika 11 Thicssa nepormudos).

5.7 OneHKa ObICTpPOJIeiicTBUs B 3aJa4Ye MacCCOBOI'O BBOJA JOKYMEHTOB

Kak ObL710 0T™MEU€eHO paHee, MOBBIIIeHe OLICTPOJIEICTBIE CHCTEM PACIIO3HABA-
HUsI JOKYMEHTOB IMEeEeT BayKHOe 3HAUEHIe He TOJILKO JIJIsl HCIIOJIHEHIS Ha MOOMIbHBIX
ycTpoiicTBax, HO U JJIsi IOBBIIIeHUsT 3(M@PEKTUBHOCTU CHCTEM MacCOBOIO BBOJA
JIOKYyMeHTOB. Takue cucTeMbl, KaK IIPABIIO, CTPOATCS Ha OCHOBE BBICOKOIIPOU3BO/IN-
TeJILHBIX CEPBEPOB, TAKzKe 00/1aJaI0IIIX IIPOIECCOPAMI € PA3/INTHON apXUTEKTYPOii,
KaK OOIero HasHAUYeHWsI, TaK U CIeNNaJbHOro. BOIpOCHl MOBBIIIEHNST TPOU3BO/IU-
TEeJILHOCTH aJICOPUTMOB 00PabOTKI N300ParKeHMsI 1151 MOOMIbHBIX BHIUNC/IUTEIBHBIX
YCTPOHCTB OBbLIM PacCMOTPEHbI B IPEIBIIYIINX pa3jesax, B 9TOM Ke pasjelie

TaK>Ke KpaTKO paCCMOTPHUM BOIIPOCHI ITIOBbIIICHW A ITPOU3BOJUTE/ILHOCTH CUCTEM pacC-
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Tabnuna 27 — CpejiHee BpeMsI paclo3HABAHUS PA3JIMIHBIX TUIIOB JOKYMEHTOB

Ha allllapaTHBIX I1aT(OpPMax ¢ BBIYNCANTEIBHON apXUTEeKTYPoil DIb0pyC.

Tokymerr Danbpyc | Dubdbpyc | Dabbpyc | Dasdbpyc | Dubbpyc
101-PC 401-PC 4.4 801-PC 8.4
‘ «Knentckuity pexkumM — pacio3HaBaHue OJMHOYHOIO N300parKeHust
[TactiopT PP 3,87 ¢ 1,90 ¢ 1.80 ¢ 1.21 ¢ 1.09 ¢
Buowm. mmactiopr P® 3,33 ¢ 1,85 ¢ 1,80 c 1,10 c 1,05 ¢
BY P® 4,24 ¢ 2,12 ¢ 1,81 ¢ 1,24 ¢ 1,09 ¢
BY Benmukobpuranuun 2,26 ¢ 1,08 ¢ 1,03 ¢ 0,69 c 0,66 c
WNnent. kapra ['epmanun 232 ¢ 1,22 ¢ 1,13 ¢ 0,77 ¢ 0,72 ¢
JIncToK HETPYA0CTIOCOOHOCTH 7,59 ¢ 3,40 c 2,65 ¢ 1,97 ¢ 1,49 ¢

«CepBepHBIi» pekUM — IMakeTHasi 06paboTKa ¢ MaKCUMAaJIbHON HAIPY3KOii

[TactopT PP — 1,27 ¢ 0,36 ¢ 0,43 c 0,11 ¢
buowm. nmactiopr PO — 1,13 ¢ 0,36 ¢ 0,42 c 0,11 ¢
BY PO — 1,79 c 0,47 ¢ 0,64 ¢ 0,16 ¢
BY Benukobpuranuun — 0,93 ¢ 0,26 ¢ 0,32 ¢ 0,08 ¢
Wnent. kapra I'epmanun — 0,99 c 0,26 ¢ 0,37 ¢ 0,10 ¢
JIMCTOK HETPYIOCIIOCOOHOCTH — 222 ¢ 0,66 ¢ 0,86 ¢ 0,22 ¢

ITIPOKNX KOMAHJIHBIX CJIOB Ha YCTPOHCTBAX ¢ apXUTEKTYpPOil DIbOPYC, a TakxKe Ha-
nnane SIMD-paciupennii, mo3BoJisieT J00UThCsT CHUYKEHUST BPEMEHH Paciio3HABaHUS
JIOKYMEHTOB JI0 5 pa3, YTO MO3BOJSIET CTPOUTH Oosiee 3(PPEKTUBHBIE CUCTEMbI MAC-

COBOT'O BBOJIa JIOKYMEHTOB.

5.8 OmnpIT BHEAPEHUS CUCTEMBI

Ha ocHoBe mnpeyiozKeHHO# crucTeMbl ObLIU pa3padoTaHbl PsJi MPUKJIAHBIX
CUCTEM, BHEJIDEHHBIX B Pa3/IMUHLIX 00JIACTSIX SKOHOMUKH U yIpaBjeHus. Tax,
paciio3HaBaHue POCCUICKOIO MMaciopTa UCIHOJIb3YeTCs JIJIsI IPOIECCOB PErUCTPAIIIN
noJib3oBareieil Beayiux bankos PO — Tunbkodd, Anbda-bank, ['asnpombdbank, OT-
kpbiTe, Paiidpdaiizen, Pocbank, HomP®, Touka 6ank, Cokombank, MTC bank,
Xoym Kpemnr Bank, MKB, un ps pernonaibnbix 6ankoB. PacrnosnaBanue Boju-

TeJIbCKUX y,ZLOCTOBepeHI/IfI, CBUAETEJILCTB O perucrpalv TPaHCIOPTHLIX CPEACTB,
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SakJiroueHue

OcHoBHBIE pe3yJIbTAThl PabOTHI 3aKIOUAIOTCS B CJICJYIOIIEM.

1. IlpemiokeH I1OJAXOJ K CO3JIAHMIO CUCTEM pAaCIIO3HABAHUS JIOKYMEHTOB,
YJIOCTOBEPSIONINX JINIHOCTD, YINTBHIBAIONIUN 1 00beUHIONINI 0COOEHHO-
ctt (hOpMUPOBAHUS N300ParKeHnil, MoJydaeMbIX ¢ MOOUJILHBIX YCTPONCTB,
CHEIUAIBHBIX CKAHEPOB JIOKYMEHTOB M KJIACCUYEeCKUX CKaHepoB. PaccmoT-
PEHO MECTO UM BO3MOXKHOCTbH HCIIOJIb30BaHUsI O0COOEHHOCTEl BHJICOIIOTOKA
JIJIs1 TIOBBIIIEHUs] KAdeCTBEHHbIX M (DYHKIMOHAJIBHBIX XapaKTePUCTUK B
HEKOHTPOJIUPYEMbIX YCJIOBUSAX CHbeMKI MOOIBHBIM YCTPOHCTBOM (HEM3BECT-
HbI: OCBEIleHUe, I'eOMETpHUs CIEHbI, KaMepa U ONTUYEeCKOe YCTPOHCTBO)
1 OTPAHUYEHHOCTH BBIUYUCJIUTEIbHBIX BO3MOYKHOCTEH CaMOTO MOOMJIBLHOIO
ycTpoiicTBa. IIpejjioxkena HOBasg cxeMa IIOCTPOEHUs] TAKOI'O THIIa CUCTEM,
Ha OCHOBE aJI'OPUTMOB KOMIIbIOTEPHOI'O 3PEHUSI.

2. CosmaHbl IIepBble B CBOEM pOJie IAKeThl JAaHHBIX, KOTOPBIE IO3BOJISIOT
O0BEKTHBHO OIICHUBATH PA3JINIHbIC aCIIeKThl CUCTEM pPACIIO3HABAHUS JIOKY-
MEHTOB, YJIOCTOBEPSIONINX JTUIHOCTb — ceMeiicTBO nakeToB gaHHbIx MIDV
(Mobile Identity Document Video): MIDV-500, MIDV-2019, MIDV-LAIT,
MIDV-2020, DLC-2021, MIDV-Holo. /larHoe cemeiicTBO COCTOUT M3 BUIEO
1 (HOTO CHHTE3UPOBAHHBIX U pacledyaTaHHbIX JIOKYMEHTOB, YIOCTOBEpsi-
IOIIUX JINYHOCTh, CHATBIX B Pa3JIMIHBbIX YyCJIoBHAX. lIpu 3TOM BlepBbie
yJIaJ0Ch HE TOJBKO CO3/IaTh pPelpe3eHTATUBHBbIE MAaKeThl JaHHBIX, HO 1
COOJTIOCTH BCe 3aKOHO/IaTe/IbHbIe OrPAHUYEHNsI, YTO TTO3BOJIAET CJIEIaTh pe-
3yJILTATHI B JIAHHOI 00J1aCTH MCCJIeI0BaHNs MyOJIMIHBIMU U TTPOBEPSIEMBIMU.
B cozjanabIX makeTax JaHHBIX BIIEPBbIE MTPEJICTaBICHBI N300ParKeHNs, BU-
JI€0TI0C/1e/I0BATE/IbHOCTU U COOTBETCTBYIONIAS Pa3MeTKa, Ipe/IHa3HAYeHHbIE
JIJIsl OLEHKHU aJI'OPUTMOB IIPOBEPKHU MOJAJINHHOCTH JIOKYMEHTOB 1 OOHapyrKe-
HUs aTakK Ha MpebaBIenne JOKyMeHToB. [l1g obydenns pacrosnaBaHUIO
CUMBOJIOB B 3aJj1a4e paclo3naBaHus JIOKyMEHTOB Ha (poTorpadusax U BUIE0-
MIOTOKE TIPeJI/IOZKeHa OpUTNHAIbHAs cCcTeMa cOopa 1 pa3MeTKN 00yJalonnx
BBIOOPOK. JIJ1s1 38 1a9m 1OMCKa MevaTn MMpeJjIoyKeHa OPUrnHaIbHas CUCTEMA
ayrMEeHTAIIN 1 II0KA3aHO, YTO IIPEJIJIOYKEHHBII IT0IX0/1 T03BOJISIET M0y IaTh

BBICOKOKa4Y€CTBECHHbLIE AETEKTOPDLI rnevareii.
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OcHoBHBIE Hy6J’II/IKaHI/II/I aBTOpPa II0 TeMe JuccepTalinumn

OcHoBHbIe pE3YJIbTAaThI 110 TEME AUCCEPTAIUN HN3JIOZKCHDLI B 40 mevyaTHBIX pa-

6orax, 20 U3 KOTOPBIX M3JIaHbI B KypHaJsax, pekoMenoBanubix BAK, 30 pabor

ungekcupyercs Web of Science u Scopus (Briodasi 10 pabot, omyOIMKOBAHHBIX B

Kyprasiax Q1 u Q2).
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57 ABSTRACT

Efficient location and identification of documents in images.
In an embodiment, at least one quadrangle is extracted from
an image based on line(s) extracted from the image. Param-
eter(s) are determined from the quadrangle(s), and keypoints
are extracted from the image based on the parameter(s).
Input descriptors are calculated for the keypoints and used to
match the keypoints to reference keypoints, to identify
classification candidate(s) that represent a template image of
a type of document. The type of document and distortion
parameter(s) are determined based on the classification
candidate(s).

26 Claims, 6 Drawing Sheets
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