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KIIACCU®UKALIUA CUMBOJIOB B AJITOPUTMAX C/KATHUSA
N30BPAKEHUSA TEKCTA U CUCTEMBI OITUYECKOT' O
PACIIO3HABAHUSA

IlokazaHo, 4YTO TMOJYYECHHE MHHHUMAJIbHO BO3MOXHOIO KOJIMYECTBA KJIACCOB IPU
JIByX3TAIHOW KJacCU(DUKALUK HW300paKCHHI CHMBOJIOB TEKCTa JaeT BO3MOXXHOCTH yYMEHBIIUThH
ommOKy pacro3HaBaHMsl TEKCTA CUCTEMaMH ONTHYECKOTO Paclo3HaBaHMs MpakTHdecku Ha 50%
1mo cpaBHeHHI0 ¢ (popmatroMm BMP u okosno 35% — 40% mno cpaBHEHHIO ¢ Kiaccuukanuen B
dopmate DjVu. Un.: 3. Tab6n.: 2. bubmuorp.: 11 Ha3s.

KaroueBble  cioBa:  KiaccH(puUKalMs,  W300paKeHUs:  CHMBOJIOB,  ONTHYECKOE
pacro3HaBaHUe.

IMocranoBka 3amaum. lcmonbp3oBaHME METOOB — KilaccH(UKauu
SIBIISIETCS BEChbMa IIEPCHEKTHBHBIM M Pa3BHBAIONIMMCSl HAIllpaBJICHUEM B
TEOPHHU W MPAKTHKE CKATHs W300pakKeHWH paziuyHON (U3UYECKOH MpPUPOJIBI
[1 —4]. Haubonee Becomoe 3Ha4YEHUE STH METOBI IIPHOOPETAIOT IIPU CKATUH
N300paXEHUH TEKCTa, KOTOphIe HCHONB3YIOTCS Ul TIepeBOja II€YaTHBIX
W3JIaHUI B DJIEKTPOHHBIA BUA. V3BECTHO, 4TO M3-3a PE3KMX KOHTPACTHBIX
TpaHMI] CUMBOJIOB M MX OOJBIIOrO YMCIa HEYJOBJIETBOPUTEIHHO PadOTaOT
KJIaCCHYECKHE  METOAbl  CXKaTusl, OCHOBAaHHBIE Ha  OPTOrOHAJBHBIX
npeoOpa3oBaHMsAX, B TOM 4HWcie Ha mnpeoOpasoBannn Dypbe Hu BeiBier-
ananuse [4].

B pabote aBTOpoB [5] mpeacTaBiieH METOJ CKATUS U300paKCHUH TEKCTa,
OCHOBaHHBI Ha BBIJEJIEHHMH CBS3HBIX CHMBOJIOB W HX KIacCH(UKaIMH.
Y CcTaHOBIIGHO, YTO MPAKTHYECKH MUHUMAJIbHOE KOJIMYECTBO KIIaCCOB, KOTOPHIE
ObUT TOJY4YEHBI B pe3ynbTare KiIacCH(UKAIMU BBIICIEHHBIX CHMBOJIOB, B
3HAYNTEIBHON CTEIIEHH OIPEAEsieT BBICOKHH KOI(PQUIMEHT CKaTHsS BCETO
N300pakeHHs TEKCTA.

Bouto Tak ke oOTMedeHo, uYTO Oyarojapsi OnepanusM YCpPEIHEHUS
NIpe/IOKEHHAsT KiaccHU(uKalys CHUMBOJIOB [5] CyIIECTBEHHO yiIydIlaeT
KayecTBO BOCCTAHOBJIEHHOI'O TEKCTa B CPaBHEHHH C HCXOAHBIM. OJTO
00CTOATENBCTBO OOpalnaeT Ha ceOsi BAUMaHUE U BBI3BIBAET HAyYHBIH MHTEPEC
B HCCIIEZIOBAaHNM BJIMSHHS KIacCH(UKAIMU CBA3HBIX CHMBOJIOB Ha KayeCTBO
pacrio3HaBaHMsl TEKCTa B CHCTEMax ONTHYECKOTO PaclO3HABAaHMS CHMBOJIOB
OCR (optical character recognition).
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AHanu3 Jurtepatypbl. B pabGore [5] mnokazaHo, YTO NpUMEHEHHUE
JIBYX3TAIHOTO aJITOPUTMa KJIACCU(HKAIMM CUMBOJIBHBIX IaHHBIX MO3BOJISET
chopMmupoBaTh TpadUUEeCKUN CIIOBaph H300paKEHUH CHMBOJIOB, KOTOPBIU
COJIEPKUT MPAKTUUECKH MUHUMAIEHO BO3MOXKHOE YMCIIO0 KiaccoB. CpaBHEHHE
C JIydIIMM B HACTOSINIEE BPEMs CIICIHUAIBHBIM ajTOPUTMOM JUIS CHKATHS
n3o0paxeHuit texcra — JB2, BkimoueHHsiM B ¢opmar DjVu, mokaszano, 4To
Ka4ecTBO KJIaCCU(HUKALUH Y MPEUIOKEHHOI0 METO/Ia 3HAYNTEIBHO BEIIIE, YeEM
y amroputma JB2. KomuuectBo KjaccoB, IMONYyYEHHBIX B peE3yibTaTe
knaccudukanuu, Oomee yeM B 2 — 2,5 pa3a MeHbIIe NPH pa3pemieHUsIX
ckanupoBanus B quamazone 200 — 600 dpi, 94To, B CBOO OUepelb, MO3BOIHIO
TIOBBICUTH CTENEHb CXKaThSl BCEr0 HM300pPa)KeHWs] TEKCTa MO CPaBHEHUIO C
anroput™MoM JB2 (dopmat DjVu) mouru Ha 20%.

B  nmannoii pabore g OUEHKM  KadecTBa  Pacrio3HaBaHUS
BOCCTAaHOBJIEHHOI'O  HM300pa’keHHSI TEKCTa HCIONb30Bajlach  Hambonee
pactipocTpaHeHHass B Hacrosimiee Bpemsi cucrema OCR, paspaboraHHas
kommanueit ABBYY — FineReader 9.

Bce coBpeMeHHBIE ONTHYECKHME CHUCTEMBI PAcro3HaBaHUs PabOTAIOT C
JIOBOJILHO CJIIO)KHBIMH aJITOPUTMAaMU OOpaOOTKM B Ppa3iMYHBIX CErMEeHTax
n3o0paxxeHus. Hawmbonee pacmpocTpaHEeHHBIE CErMEHTHI 00pabaThIBAEMBIX
n300pakeHni: 00JIacTh TEKCTa, KAPTUHKA, TaOJIHIa, ITPUX-KOJ, Pa3eIUTelh
u T.1. [6 — 8]. O0mas ommoka pacro3HaBaHHsS COCTOUT W3 ONIHMOOK Pa3IHIHBIX
TUIIOB, KOTOpblE OBUIM TOJMy4eHBl IIpH 00pabOTKEe BCEX CETMEHTOB
m3o0paxkenus [8, 9]. B cuwiy HampaBIEHHOCTH WCCICAOBAHWNA W IS
MUHAMH3AIMN THIIOB OIMMOOK pAaclio3HaBaHUS B KadyeCcTBE MCXOAHOTO
N300paXeHHsl HUCIIONB30Bajach OTCKAHUPOBAaHHAs CTpaHMIA > KypHaua,
coJieprKaiasi TOJIbKO TEKCT Ha aHTJIMHACKOM si3bIke. Takum oOpa3om, oOuIyro
OIIMOKY pacro3HaBaHUS MOTYT ()OPMHUPOBATH TOJBKO YHCIO HENPaBUIEHO
pacIio3HaHHBIX CUMBOJIOB U OIIMOKHM (popMaTupoBanus Tekcra [6, 8].

Hem, CTaTbH. HOJ'Iy‘II/ITI) 1 NpOaHAJIU3UPOBATH OH_II/I6Ky pacio3HaBaHusA
BOCCTAHOBJICHHOI'O TCKCTA, IMOJYYCHHOIO0O B PE3YJbTATC HCIIOJIb30BAHUSA
JABYX3TAITHOT'O ajiropurMa maccmbnxaunn CHUMBOJIOB. HpOBeCTI/I
CpaBHI/ITeJ'II)HHﬁ aHaIU3 KOJIHUYCCTBECHHOU OLICHKN Ka4YeCTBa pacCliO3HaBaHUA
TEKCTAa.

Omnucanue mertomoB. Kiaccupukanuss CUMBOJIOB Ha IE€PBOM JTare
MIpoBOAUTCA MeToAoM "npocenBanus" [10], KOTOpBIN COCTOUT B CIEAYIOLIEM.
BriOupaercst mpoM3BONBHBIHN 3JIEMEHT U3 KIacCU(UIMPYEMOT0 MHOXKECTBA U B
OJIMH KJIacC ¢ HHUM IIOMELIAIOTCS BCE JJIEMEHThl Onu3kue k Hemy. [lanee
paccMaTpHBarOTCS TONBKO AJIEMEHTHI, HE BOLIEALIME B MepBbIM kiacc. U3 ux
YHCclia TPOU3BOJBHO BHIOMpAETCS KaKOW-THMOO BJIEMEHT W aHaJOTHYHBIM
00pa3oM CTPOMTCS BTOPOH Kilacc. DTOT Ipolecc MOBTOpAETCs 10 TeX IIop,
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nmoka He OyayT uWcYepmaHbl BCE OJJIEMEHTHl HCXOJHOTO MHOXKECTBA.
CxeMaTH4YHO Ki1accH(UKaIMs CHUMBOJIOB Ha IIEPBOM 3Talle MpeACTaBlieHa Ha
puc. 1.

SN

Hano+seHe cimE0noe

N

IWHoHeCTBO MHOHECTBD TO4 BK
aBL Ky Y2PHBIY HeCoBNageH uA
ToMek — Of5;,53)

TouKM CYLECTERHHEIR
HECOEN3a4eH A Ha OTAMHKA R{5;,52)
KOHTYpe

Puc. 1. Knaccudukarms ciMBOJIOB Ha TIEPBOM 3Tarle.

Ipu cpaBHEHHH JIBYX H300PaXCHHUIT CHMBOIIOB S| H S, C IOMyCTHMBIMH

OTKJIIOHEHHUSIMU IO BBICOTE, HmmpuHe u nepumerpy (AH, AW u AP) 3tH
n300paxKeHUs  HAKIAABIBAIOTCS  Opyr Ha  Jpyra ¢ IIOMOIIbIO
IUIOCKOIAPaJIIeNIbHOIO MEPEHOCca TaK, YTOObl UX LEHTPBI TSHKECTU COBHAJANIM.
Jlanee moacuYMTHIBAIOTCA JBE BEIUYUHBL: R(S“SZ) — KOJIMYECTBO TOYEK

"CYIIECTBEHHBIX OTIAMUUN", U D(SI,SQ) — KOJMYECTBO OOIIHUX TOYEK

coBMnajieHus, puc.l.

IlepBast BenmuuMHA — 3TO KOJIMYECTBO HECOBMAAAIOUINX IO SIPKOCTU
(Oenmplit — depHBIH) TOYEK, KOTOphIE HE SBISIOTCS CMEXHBIMU IS
COBOKYNHOCTH OOIIMX YEpPHBIX TOYEK. TakuM o00pa3oM, KOJIMYECTBO

CYILIECTBEHHBIX OTIMYHUM R(SI,SQ) UTHOPUPYET HECOBMAJCHUS B T€X TOUKAX,

KOTOPEIC JISKAT Ha TIEPUMETPax U300paKCHUH U, KaK MPaBHIIO, PEACTABIISIOT
co0O0 IIIYMBI TEUaTH W CKAaHUPOBaHWsA. BTopas BenWYMHA — HYXHA IS
o0e3pa3MepuBaHUsl TEPBOM, UYTOOBI JHANMA30H BO3MOXKHBIX 3HAUCHHU
BEJTMYUHEI
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R(S,.S,)

100% (1)
D(S,.S,)

(8,.5,)=

JUTSL BCEX IMap CHUMBOJIOB HE MCHSIJICS NPU M3MEHEHHH pa3Mepa mpudra u
paspelieHus CKaHUPOBAHUS.

DOyHKIHsS R(SI,SQ) onpenensercs ¢ y4eToM Beca. BecoBoid

K03(ppUIMEHT KaXKTOH TOUKH B R( S, sz) TeM OOJIbIIIe, YeM OOJIBIIIe Y JAHHOU

TOYKM TakuxX d>Ke CMexHbIX Todek [11]. Takum oOpa3om, momydeHHas
BemmunHa € (1), ompenmensromas CTEMEHb ONM30CTH H300paKEHUU JBYX
CUMBOJIOB TMpH KJIaCCU(UKAIMH aJITOPUTMOM '"TIpoceMBaHUs", Malio
YYBCTBUTEIbHA K IITyMaM II€YaTH ¥ CKAHUPOBAHUS.

Bropoit sranm kimaccudukamuM peaiuzyer airopuTM HapaliuBaHUs
obmacreit" [10], KOTOpPBIA COCTOUT B TOM, YTO Ha IEPBOM INAre, HAYUHAS C
MIPOM3BOJILHO BBHIOPAHHOT'O AJIEMEHTA KIacCH(UIMPYEMOro MHOXKECTBA, K €ro
KJIacCy NPHCOEIMHSIOTCS BCE JOCTATOYHO OJM3Kue 3ieMeHThl. Ha BTOpom
mare K BHOBb NPUCOEIMHEHHBIM 3JIEMEHTaM JI00aBIISIOTCS BCE JJIEMEHTHI,
omuskue x HuM. [Iporecc "HapanmBaHus" MOBTOPSAETCS JO TEX MOp, MOKa Ha
KaKOM-TO IIare He OKa)XETCsl HOBBIX DJIEMEHTOB, KOTOPBIE MOXKHO OBUTO OBl
MpUCOeNNHNUTD. Jlaliee Bce 3JIeMEHTHI "BbIpAlllEHHOr0" Kilacca MCKIIIOYAroTCs
n3 KIaccupUIUpyeMoro MHOXKECTBA M "BhIpamuBaeTcsl” CIEIyIOUINH Kilace.
AJNTOpUTM 3aKaHYMBaeT padoTy, Korja B KIacCU(HUINPYEMOM MHOKECTBE HE
ocraercs HU OIHOro aneMeHTa. Ha puc. 2 mpencraBieHbl pe3ylbTaThl BCEX
9TaIOB KIacCH(UKAINN CUMBOJIOB.

W3 npuBeneHHBIX pE3yNbTaTOB KIACCH(UKAIMM CHUMBOJIOB Ha puC. 2
BU/IHO, 4TO ()OpMa M KOHTYPHI MOJIYYEHHOTO H300paKEHHs] CUMBOJIA CTaJIH
HAaMHOI'O JIy4Ylle I10 CPaBHEHHIO C HMCXOAHBIMH H300pPaKEHUSIMH TOTO JKE
cumBoda (puc. 2 a) u (puc. 2 1).

B Tabmmme 1 mokazaHO KOJMYECTBO KIACCOB IIOCIE€ OCHOBHOW W
MMOBTOPHOW KJIacCU(UKAIMIA U Pa3IMIHBIX pa3perieHuid. JIjis cpaBHEHUS
MIPUBENICHO KOJIMYECTBO KJIACCOB TOCie Kiaccupukamuu anropurmMom JB2
(popmar DjVu).

JlanHble, TpUBENCHHBIE B TaONUIE, JEMOHCTPUPYIOT JOCTATOYHO
BBICOKYIO 3()()EeKTHBHOCTh KaK IEPBOM, TaK M MOBTOPHOU KiIacCH(pUKAUN U
HECOMHEHHOE MPEUMYIIECTBO Mepe]] anroputMom JB2.

B tabnurie 2 npuBeICHBI YUCICHHBIC 3HAYCHUS OIMIMOOK PaCIO3HABAHUS
TEKCTa Ul MCXOMHOro m3odpaxeHus B ¢popmare BMP, mocne nByxaranHoi
KiaccuUKaIyy 1 ociie Kiaccudukamnmu anropurMoM JB2 B popmare DjVu.
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a — UCXOJHBIC 1/1306pa)1<eH1/151 CHUMBOJIOB TCKCTa

(= COBOKYITHOCTH COBMEIICHHBIX 1/1306pa)1<eH1/1171 CHMBOJIOB B KJIaCCaxX Ha NIEPBOM
oTarne

B — YCpEeIHEHHbIE MPEJICTAaBUTENHN KI1acCcoB. Pe3ynbTar nepBoro srama
KITaCCU(UKAITNT

T — pe3yIbTaT BTOPOro 3Tana kiaccudukanuy. KoHeuHbIH pecTaBUTeNb KIacca

Puc. 2. V300paskeHusT CHMBOJIOB IByX3TAITHON KJIAaCCH()MKAIINH
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KonndecTBo KaccoB mocie 0OCHOBHOM U
TIOBTOPHOH KITacCH(HKAIIH

Tabmuma 1

KommuectBo
KommuectBo KommuectBo Komuecto ftaccos
Paspemenne nocie
KJIaCCOB B KJIaCCOB IOCIIE KJIaCCOB IOCIIE
N300paXKeHHs N N Kaccuduxa-
. HCXOHOM OCHOBHOM BTOPOH
Tekcra (dpi) JIeVe
N300paXkeHHN K1accuuKanuu | Kiaccu(pHKaLuu
AITOPUTMOM
JB2
600 dpi 3558 197 72 314
500 dpi 3557 137 72 259
400 dpi 3557 130 71 199
300 dpi 3545 122 95 235
200 dpi 3890 237 148 451
Ta6uuma 2
KonmudgecTBo ommboK pacrmo3HaBaHus
TIOCTIE PA3IMYHBIX KITacCU(pUKAIIHI
KommuectBo Komuecto
Pazpeme- KommuectBo oumboK oumboK
KommuectBo
HUE oo oK pacro3HaBaHHs pacro3HaBaHHs
KJIACCOB B
n3obpaxe- pacro3HaBaHus B nocie nocie
HCXOHOM .
HUS TEKCTa ¢dopmate BMP JIBYX3TaITHOI KIaccHuKanum
. N300paXkeHHN
(dpi) (%) KIaccuuKanum ITOPUTMOM
/(%) IB2 /(%)
600 dpi 3558 0/0% 0/0% 0/0%
500 dpi 3557 0/0% 0/0% 0/0%
400 dpi 3557 6/ 0,168% 0/0% 4/0,112%
300 dpi 3545 16/0,451% 8/0,225% 14/0,394%
200 dpi 3890 42/1,079% 26/0,668% 39/1,0%

Ha puc. 3 mpuBeneHa ommOka pacrmo3HABaHHS IJIs PACCMATPHBACMBIX
(hopmaToB m300paxkeHus Tekcra. [10100Has KOTUYECTBEHHAS OIEHKA Ka4eCcTBa
pacrio3HaBaHusi (oumbka ~ 1%) CBHIETENBCTBYET O JOCTATOYHO BBICOKOM
Ka4yeCTBE UCXOJHOTO M300pPaXKEHUsI TEKCTA, TaK KaK U3BECTHO, YTO TOYHOCTH

pacrio3HaBaHUs CKaHUPOBAHHBIX

JJATUHCKHUX

CHUMBOJIOB B

JIOKyMeHTax npaktudecku s Becex cucteM OCR npessimaer 99%.
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- = BMP /(%)

ABYX3TanHaA Knaccupukauma /(%) ====anroputm IB2 /(%)
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Puc.3. Ommbka pacrio3HaBaHUS H300pa’KeHUS TEKCTA

BeiBoapl. ®opMmupoBaHne MHHUMAJIbHO BO3MOXKHOTO YHCIIA KIIACCOB
IpU  JBYXITAIHOM KiacCU(HKAUK H300paKEHUH CHUMBOJIOB IT03BOJISIET:
1) IOBBICHTh CTENEHb CXKaThsl HM300paKEHHSI TEKCTa [0 CPaBHEHHIO C
anroputMoMm JB2 (DjVu) moutn Ha 20% [5]; 2) yMEHBIIWTH OIIMOKY
pacno3HaBaHus Tekcra cucreMamu OCR o cpaBHeHuro ¢ popmaTtamu *.bmp
n *.djvu na 50% u 35% — 40% COOTBETCTBEHHO.
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VK 004.627

Knacudikanis cuMBOJiB B ajJropurMax CTHCKY 300paKeHb TEKCTy Ta CHCTeMH
ONTHYHOro po3mnisHaBaHHs / IBanoB B.I'., JlomonocoB 10.B., JIw6apcekuii M.I'. ./ Bicuuk
HTVY "XIII". Cepis: Indopmatuka Ta MomemoBanHs. — Xapkis: HTY "XTIII". — 2012. — Ne 62
(968). - C. 83 - 90.

IlokazaHo, 110 OTPUMAHHS MiHIMaIbHO MOXJIMBOI KIJbKOCTI KJIACIB TpH JIBOCTAIHIN
kiacudikanii 300paxeHb CUMBOJIB TEKCTy JA€ MOXJIMBICT 3MEHIINTH HOXHOKY PO3IMi3HABaHHS
TEKCTY CHCTEMaMH ONTHYHOIO DO3Ii3HaBaHHs NMpakTHUHO Ha 50% B MOpiBHSHHI 3 (opMaToM
BMP i 6iu3bko 35% — 40% B mopiBHsHHI 3 knacudikaiiero y ¢popmari DjVu. Im.: 3. Ta6n.: 2.
bibmiorp.: 11 Ha3B.

KurouoBi ciroBa: knacudikais, 300pakeHHs] CHMBOJIIB, OITHYHE PO3Ii3HABAHHS.

UDC 004.627

Classification of characters is in the algorithms of compression of text and system of
optical recognition / Ivanov V.G., Lomonosov U.V., Lyubarsky M.G. // Herald of the National
Technical University "KhPI". Subject issue: Information Science and Modelling. — Kharkov: NTU
"KhPI". - 2012. — Ne. 62 (968). — P. 83 — 90.

It is proved that the forming of the possible minimum of the quantity of classes within two-
stage classification of the text symbol images allows to minimize the error of text recognition by
the systems of optical recognition for about 50% as comparing with the BMP format and about
35% —40% as comparing with classification within DjVu format. Figs.: 3. Tabl.: 2. Refs.: 11
titles.

Keywords: classification, images of characters, optical recognition.
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