CermeHTauus LWTPUXOB U UX coeaAUHEeHUN

npun pacno3HaBaHUN PYKOMUNCHOIO TeKCTa

HBan Peiiep

Boeraucnurenbubrii neatp PAH

Mocksa, Poccus

AHHOTauuA

HpezmaraeTCH METOJA CETrMCEHTAlHU PYKOIIMCHOI'O TCKCTa,
SaKHIOanOHlHﬁCH B BBIACJIICHUN OTACIBHBIX IITPUXOB H

OnpeleNIeHnN THUIIOB 1704 COEJIMHEHUH. Tekcr
paccMaTpUBacTCs Kak PacTpOBOE OMHApPHOE M300pa)KeHUE.
MeTton ocHOBaAaH Ha  COBMECTHOM  HCIOJB30BaHHH

CTTXCHHOH TPaHWIBl M HENPEPBIBHOTO CKEJIETHOTO
MIPEACTABICHUS H300PaXKECHUS.

Knroueevie cnoea: cezsmernmayusl, wmpux, CO@@MH@HM@,
pacmpoeoe 6uHapH0e u306paofcenue, C2NIAMNCEHHAA
cpanuya, HenpepvleHoe CKelenHoe npedcmaeﬂeHue

1. BBEOEHUE

CymiecTByeT IOAXOA K pPAacHO3HAaBaHUIO PYKOIHMCHOTO
TEKCTa, IPH KOTOPOM CIIOBO PACCMATPUBACTCS LICIUKOM
Kak “m300paxkeHne” (YepHOe MATHO JOCTATOYHO CIIOKHOU
¢dopmbr Ha Oemom Qone) [1,2]. [aHHblii mOAXOM
npearnoyaraeT  CTPYKTYpHBIM ~ aHalu3  OMHApHOTO
n300paxeHus, KOTOPBIi JOIKEH BBISIBUTH TOIOJIOTUYCCKUE
U METPUYECKHE XapaKTEPUCTUKY IS PACIIO3HABAHMS.

CTpyKTypHBIIi aHanmu3 Oa3upyercs Ha BBIICICHHH B
OMHAapHOM  M300pPaXCHUH  OTHOCUTEIBHO  IMPOCTBIX
JIeMEHTOB. TakuMH 3leMeHTaMH He  0043aTelbHO
ABJISIOTCST OyKBBL. DTO MOTYT OBITH, HAIPUMEp, 3JIEMEHTHI
NHCbMa, AaHAJOTHMYHBIE HCIOJB3YEMBIM B  MIKOJBHBIX
mponucsx. To ecTb, HaANUCh pPaccMaTpPUBAETCS Kak
BEITIOJTHEHHAS B “TipenanaBUTe”’, COCTOSINEM U3 IITPUXOB
(KpIOYKOB, IAJIOYEK, OBAJIOB, COCIUHUTENbHBIX JTMHUH U T.
n.). Beinenenue OTAETBHBIX LITPUXOB OCHOBBIBACTCA Ha
aHaJIM3€  TOIOJIOTHYECKOH  CTPYKTYpBl — HM300pa)KeHUs
(oOHapyXcHUE CBS3HBIX KOMIIOHCHTOB, “OTBEPCTHH” W T.
1.). Kpome Toro, 3¢peKTHBHO MOKET OBITH HCIIOIB30BAH H
TakOW BaXKHbIM MPU3HAK KaK XapakTep COEAUHECHHUS
mTpuxoB. OueBUAHO, YTO YENOBEK, YMTAs PYKOMMCHBIN
TEKCT, TOJIB3yeTCsl HHpOpMAaIHel 0 XapakTepe COSANHEHUS
mpu onpeneicHnn OykB. TakuM 00pa3oM, AJS YCHEITHOTO
pacIio3HaBaHUs TEKCTa IEJIECO00Pa3HO aHAIM3UPOBATh B
COBOKYITHOCTH ¥ CEIMEHTHUPOBAHHbBIE IUTPUXHU, M TUIIBI HX
coequHEHUH. MOXHO BBLAECIUTH JBAa THUNA COCAUHECHHUS:
nepecedeHue (puc. 1) u conpspxerue (puc. 2).

Q7

Puc. 1.

Puc. 2.
TpaIuIHOHHBIM HHCTPYMEHTOM, BBISABIISIOLIUM
TOTMOJIOTHIO 00pasa, SBIACTCS CKEJIET - MHOMXECTBO
cpeauHHbIX ocell. OHAKO paccMaTpUBaEMBbIi caM 1o cebe
CKEJeT He I03BOJSAET BBISBUTh THII  COEIMHEHUS.
OmpenenuTh THI COCAWHEHHS MOXHO, AaHATH3HPYs

CTENeHb TJAJAKOCTH TPaHUIBI H300paKeHHs B MecTe
coenMHeHus. B TO ke BpeMs, TOJBKO IO I'PAHUYHOMY
MPEJICTABICHUIO HEJb3sl BRIICIUTH IITpUxH. [loatomy s
YCIEIIHONH  CerMEHTAllMU  MITPUXOB U COCJAMHEHUHN
JKelaTeabHO OBbLI0 OBl  COBMECTHOE HCIIOJIb30BaHHE
TPAaHMYHOTO U CKEJICTHOTO MPEICTABICHHH.

TpaauLIMOHHO B CHCTEMAax paclO3HABAHUS HCIOJb3YETCS
pacTpoBoe  IIPEACTAaBICHWE  TPaHUIBI W CKeleTa
n3obpaxenns. Ho B 3TOM cilyyae OIIGHHTH TIJIaJIKOCTh
TPaHMIIBI U YCTAaHOBUTH COOTBETCTBHE MEXy JIEMEHTaMU
TPaHUIIBI ¥ YJIEMEHTaMU CKEJIETa JJOBOJIBHO CI0XKHO.

B nanHOW cTarbe mpemaraeTcsi METOHd, KOTOpPBIH
MO3BOJISIET 00ecIeunTs 00JIee MONHBINA y4eT WH(pOopMauu
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0 BHUJAX COEIWHEHHUS IITPUXOB. Meton Oasupyercs Ha
HCIOJIb30BAHUHU JBYX CIEIYIOIINX UACH:

1) Bwmecto pacTpoBOro CKelera M TpaHHIBI MBI OyaeM
UCIIOJIBb30BAaTh  HENPEPBHIBHBIM  CKEJIET  PacTPOBOTO

OMHApHOTO n300pakeHHs u HEIPEPHIBHYIO
CIIIQ)KEHHYIO TPaHMUILY.
2) OmnpeneneHne CTENEHW TITaJKOCTH  COCIMHEHHH

ITPUXOB OyZEM IPOBOANTh HA OCHOBE BBISBICHUS
IJIAJIKNX Y4YaCTKOB TPaHUIIBI HCXOJHOTO o0paza u
UACHTH(UKAIMK YYacCTKOB CKEJIeTa W y4JacTKOB
TPAaHULBIL.

[Ipennaraemblii METOZ BKJIHOYAET CIELYIOLINE STAIbL:

- Anmnpokcumanus pacTpoBoro OMHapHOTO
n300pakeHHss MHOTOYTOJIbHO (hurypoi.
- [Moctpoenue CKEJIETHOTO MpeJCTaBICHUS

MHOTOYTOJIHOH (purypsi.

- [MocTpoeHue CTPyKTypHOTO rpada Mo CKeIeTHOMY
MPE/ICTABICHUIO.

- Beinenenne B CTpyKTypHOM rpade KOMIIOHEHTOB,
COOTBETCTBYIOILINX IITPUXAM, U UX COCTUHEHHH.

2. AlNINMPOKCUMUPYIOLLAA
MHOIOYrosfibHAA ®UryrPA (Mo)

AUNpoKCUMHUpYIOIIasi ~ MHOTOYroibHas  ¢urypa I
OMHApPHOTO PpAacTPOBOTO HW300paKEHHST CTPOUTCS Kak
06HaCTb, OorpaHn4cHHas KOHCYHBIM YHUCIIOM

HETICPECCKAFOIIUXCS TIPOCTHIX MHOTOYTOJIEHUKOB. Kax i
U3 HUX JOJDKEH OBITh MHOTOYrOJbHHKOM MHUHHMAIBLHOTO
MEpUMETpPa, pa3eNAIONINM YepHble U Oelble TOYKH
pacTpoBoro u3oopaxenus (puc. 3).

Puc. 3.

Takass ¢urypa Ha3bIBaeTCs MHO20Y20NbHOU Puzypoti
MUHUMAaJIbHOTO nepumerpa [3].

3. CKEJIETHOE NMPEACTABJIEHUE
MHOIOYroJibHOW ®UryPbl

CkenetHoe MpeCTaBIEHHE Mo CTPOUTCS c
HCTIONIb30BaHHEM MHO)KECTBA BITMCAHHBIX ITYCTBIX KPYTOB.
B cootBercTBUM C [3] BOHCAaHHBIM IYCTBIM Kpyrom (Win
MIPOCTO IMyCTHIM KPYroM) Ha3bIBaeTCsl KPYr' Ha IJIOCKOCTH,
y  KOTOpPOTO BCE BHYTPEHHHE TOYKH  SIBIISIOTCS
BHYTpeHHUMH U1t M®D, a ero rpaHuna coaepKUT HE MEHEE
JIByX IPaHU4YHbIX TOYeK MO.

MHOXECTBO LIEHTPOB 3THX KpyroB obOpasyer cxerem M®D
(puc. 4).

Puc. 4.
Ilox CKelemHbIM npedcmasieHuem pacTpoBOrO
H300pakeHUs Oynem MOHUMATh CKeleT

annpokcumupytomeid M® MUHUMaANIbHOIO MEpPUMETpA
BMECTE C MHOKECTBOM BCEX BIMCAHHBIX IYCTBIX KPYTOB.

CTpykTypy cKejeTa yAOOHO ONUCHIBATH B TEPMHUHAX
Teopuu rpacoB. s 3TOro HAaJIO COBMECTHO PAacCMOTPETh
rpanuily M® 1 MHOECTBO IMyCThIX KpyroB. ['pannua M®
COCTOMT M3 MHOXECTBAa OTPE3KOB, KOHI[AMU KOTOPBIX
ABJIAIOTCST BepuMHbl MO. IIpencraBuM rpaHuny Kak
00bEANHEHNE TOYEK — BEPUIMH MHOTOYTOJBHHKOB U
OTKPBITBIX CETMEHTOB — CTOPOH MHOTOYTOJBHUKOB 0€3
KOHIIEBBIX TOUYEK. Takne TOYKM M OTKPBITHIE CETMEHTHI
Oynem Ha3bIBaTh catmamu. Kaxaeii myctoit kpyr M®
KacaeTcs OByX WM Ooiee caliToB. bucexmopom mapsl
CaliTOB HAa3bIBACTCS MAaKCHMAaJIbHOE CBSI3HOE MHOXKECTBO
[IEHTPOB IYCTHIX BIMCAHHBIX KPYTOB, KacCaOMIMXCS 3THX
caiitoB. O4eBUIHO, YTO OMCEKTOP COCTOMUT W3 BHYTPEHHHX
Touek M®, paBHOyIaNEeHHBIX OT mapsl caiftoB. Ilpu 3ToM,
€CIIH MHOXECTBO TAKMX TOYEK HECBSI3HO, TO COINIACHO
JAHHOMY OIIpPENeJICHHI0 OMCEKTOPaMHU CUUTAIOTCSI BCE €TI0
MaKCHMaJIbHbIE CBSI3HBIC TIOJMHOKECTBA. 4]
TFE€OMETPUYECKMX COOOpaXeHHH SICHO, YTO OHCEKTOp
SIBIISIETCS] JIMOO CETMEHTOM NPSIMOi TMHUM (JUIs1 TTap CaliTOB
CeTMEHT-CETMEHT M  TOYKa-TOYKa), JHOO0  y4acTKOM
mapabonbl (I Tmapel  TOYKa-cerMeHT). KoHIeBBIMHU
TOYKamMu OHcekTopa OyayT UEHTPhl MYCTBIX KpPYTOB,
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Kacaroumxcst Tpex win Oonee caiitoB. Takum oOpaszom,
ckesler M® MOXXHO paccMaTpuBaTh Kak IUIOCKHH rpad, y
KOTOPOTO BEPUIMHBI — 3TO LEHTPHl BIHMCAHHBIX ITyCTBIX
KpYTOB, KacaloIIuXcs TpexX WU Oojee cailToB, a pedpa —
oucekroppl.  Ocobo  ciaemyer  OTMETUTh  CIydaid
BBIPOXKJICHHBIX IIYCTBIX KpPYroB HYJIEBOIO paanyca C
LeHTpaMu B BepminHax MO, KaxIplii H3 KOTOPBIX
“kacaercs’  COOTBETCTBYIONIEH  BEpPIIMHBI MW  JIBYX
HHIMICHTHBIX € CcaiToB-cerMeHTOB. B rpade-ckenere
BEpUIMHBI,  ONpeNeNisieMble  3THMH  BBIPOXKICHHBIMHU
Kpyramy, HMEIOT 10 OJHOMY HHIMJICHTHOMY peOpy-
OmcekTopy.

4. CTPYKTYPHbIN TPA®

CxkeneTHOe MPEeNCTaBICHHE XOPOIIO OMUCHIBACT OWHApPHOE
pactpoBoe H300paK€HHE, OJHAKO HE BCE DIIEMEHTHI
CKEJIETHOTO NPE/CTAaBICHUSI ~ HECYT  OJMHAKOBYIO
nH(pOpMaNMIO IS PAcIO3HABAHHUS PYKOIHCHOTO TEKCTA.
YacTe U3 HUX JEHCTBUTENBHO CYIIECTBEHHA M (DOpMHUpPYET
OCHOBHYI0, HMH(OpPMaTHUBHYIO 4YacTh ckeinera. Jlpyrue
9JIEMEHTHl TIPENICTABISIOT OTBETBJICHUS OT OCHOBHOTO
CKelleTa B CTOpPOHY TpaHHIbl. Kak mpaBwio uX nHA
MEHBIIIE, YeM TOJIIMHA CIIeAa Iiepa, OHHU JISKAT B MpeeIax
LIMPUHBL KOHTypa. lloaromy uMX ynajneHue He HaHECET
yiep6a TOYHOCTH MpeicTaBiieHHss (Urypbl. 3a c4eT HX
yIQJICHUS MOXKHO Ha OCHOBaHMHM HCXOIHOTO CKEJIETHOTO
MpeICTaBICHASI TIOCTPOUTH Ooiiee TMpocToe 0e3 moTepu
nHdopmanyu. Takoe MOCTpPOECHHE MOXHO paccMaTpHBAaTh
Kak  3ajJady  annpokcuManuu — npencrasieHus G
npencraBieaneM G’ TakuM, 9To Mepa pasznmuausi G u G’ He
MIPEBOCXO/IUT 3aJJaHHOM BEJINYMHBI. CkeneTrHoe
NIPE/ICTaBIICHUE SIBISIETCS, 10 CYTH Jeja, 0ObeIMHEHHEM
MYCTBIX KPYTOB, MO3TOMY B KadeCTBE MEpPbl pa3Inyuus
yAOOHO B3ATh Xayclnop(oBO OTKIOHEHHE MHOMKECTB
h(G,G')= max{magg d(g,G),maé( d(g,G")}, rne d(g,G) n
ge ge

d(g,G) 0003HAYaeT PacCTOSHUE OT TOYKH g IO MHOXECTB
G’ u G COOTBETCTBEHHO B €BKJIHMJIOBOW METpHKe. 3amada
COCTOUT B TOM, YTOOBI HAlTH NpecTaBiIeHne G ', Takoe 4To
h (G,G’) < &, TJe £— 3a/laHHas TOYHOCTb allIPOKCUMALMH.

Paccmorpum pebpo ckemera PP, (puc. 5), y KOTOpOro

Puc. 5.

BeplIMHa P; uMmeer creneHb 1, a BepmuHa P, — cTeneHb
Oonpme 1.

IIyctb R; u R; — pamuycHl MMyCTHIX KPYroB Oucekropa PP,
a L;, — paccrossaue mexnay P; u P,. U3 reomMerpuueckux
coo0OpakeHH OYEBHMJHO, YTO XaycIOp(pOBO OTKIOHEHHE
KkpyroB P; u P, ectb 512=L12+|R2—R1|- Torna eciamn
012<&, TO BCe BHYTPEHHHE TOYKH ITyCTBIX KPYTOB,

COOTBETCTBYIOLINX 3TOMY peOpy, yaaleHsl OT Kpyra P, He
Oomee, uemM Ha ¢ CrenoBarenbHO, €CIM  33aJaThCs
TOYHOCTBIO alPOKCUMALINH &, peOpo P;P,, BIIOIHE MOXKET
OBITb HCKIIOUYEHO M3 CKeleTa. B pe3ynbrare cremneHb
BepIIUHBI P, MOHWXaeTcs Ha | U MOXeT cTaTh paBHOH 1.
Torma ¢ pebpom P,P; wMoxer OBITh MpojeiIaHa
aHaJOrMYHasl IIPOBEPKA: €CIU J1p + 923 < €, THC Ho3 €CTh
xaycaopdoBo oTKIOHEHHE KpyroB P, u P;, To pedpo P,P;
TaK)Ke MOXKET OBITh UCKIIIOUEHO U3 CKEJIETa.

C KaxabIM U3 TEPMHUHAJBHBIX pedep cKenera MOXeT ObITh
npoziesiaHa  aHajormyHas npoueaypa. OcraBmieecs B
pe3ysibTaTe NPENCTaBICHHE MOXET PacCMaTPHBATHCS Kak
aNIpPOKCUMAIUS UCXOJHOTO CKEJIETHOTO IPEICTABICHUS C
3aJJaHHOHM TOYHOCTHIO & (pHcC. 6).

Puc. 6.

5. CETMEHTALUUA LWTPUXOB U UX
COEOVHEHUN

B ctpykType ckenera MOKHO BBIACTUTH TPH THIIA BEPIINH:
BEPIIMHBI CTENIEHU 3 WM BBIIE, TEPMUHAIbLHBIE BEPIIMHBI
CTENeHH | ¥ MPOMEKYTOUYHbIE BEPIIUHBI CTEIIEHU 2.

Bynem cumTarh KaXOyl0 BEpIIMHY CTENEHHM 3 W BBIIIE
coelMHeHHeM MTpuxoB. HeoOxoauMo ompenenuTs THI
Ka)XJIOTO Takoro coeAuHeHus. [y 3TOro BOCHOJIB3YyeMCs
CIIEAYIONMMHU cooOpaskeHusIMH. [1ycTh V- Ipou3BONBHBIN
caiiT-rouka rpaHunbl, V' m V" - ero cocemHue caiThl-
ToukH (puc. 7).
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Puc. 7

Bynem cuurate, 4TO rpaHuLa B TOUKE V sBIsIETCS IIaJKOH,
€CIM OTHOIIGHHE paguyca OKpPYKHOCTH, MPOBEACHHON
gepe3 Touknd V', V, V" k cymme mimH oTpe3koB V'V u
VV" upeBbllIaeT HEKOTOPYK TOPOrOBYH) BEIHYHHY
(ompenenseMyt0  IKCIIEPUMEHTAIbHO). B  mpoTHBHOM
CIy4ae CYHWTaeM, 4TO TPAHMIA UMEET B TOUKE J H3I0M.
Jnst KaX7aoW BEpIIMHBI CTETEHW 3 M BHIINIE HCCIEAyeM
OKpPECTHOCTH (COCEIHUE BJIEMEHTHI I'PaHUIIbI) KKIAOTO U3
KacaTeNbHBIX CAalTOB IMycTOro KpyTa (puc. 8).

Puc. 8.

Tun COCAMHCHUS LITPUXOB B 3TOH BCPULIMHE OIMPCACIIACTCA
KOJIMYCCTBOM  KacaTCIbHBIX CaﬁTOB, B  OKPECTHOCTH
KOTOPBIX TpaHUIa HMEET H3JIOMbl, W WX B3aUMHBIM
PacCroJI0KECHUEM.

B 3aBucuMocTH OT THUIA COEAUHEHHUS paccMaTpUBaeMas
BEpIIMHA  3aMEHAETCS  COOTBETCTBYIOUIMM  YHCIIOM
TEPMHUHAIBHBIX U IPOMEKYTOYHBIX BEPIIHH.

Puc. 9

B pesynprare momydaeM rpad), cOCTOSIIMH U3 OTACIBHBIX
CBSI3HBIX KOMITOHEHTOB, COOTBETCTBYIOLIMX IITPUXaM (pHC.
9),u Habop cBs3elt Mexxkny HUMHE (puc. 10).

Puc. 10

6. SAKNIOYEHUE

[IpennoxeHHbI B JMaHHOW pabOTe METOA IO3BOJISIET
YIOOHBIM obpazom CEerMEHTHPOBATh (dparMeHT
PYKONIMCHOTO TEKCTa HA COBOKYIHOCTh IITPUXOB U
coelMHEeHU. MeTox Hamboyiee TOJHO  UCIIOJIB3YeT
HHQOPMAIHIO, CONEpPXKAIIyIocs B N300pakKeHUH CJIOBa, 3a
cuer COBMECTHOTO paccMOTpeHHUs CKEJIETHOTO
MIPEACTABICHNAS W XapaKTEPUCTUK IJIAAKOCTH T'PaHHIBL
[MpuBenenHplid  anroput™M  obecrieunBaeT  Hambosee
CIOXKHYI0 4YacThb cerMeHrauuu. llomydyaemoe ¢ ero
MIOMOUIBIO IpEe/ICTaBIICHUE clloBa obecrieunBaer
BO3MOXXHOCTh JAJbHEHINEr0 aHaiu3a W300paXEeHUs C
UCIIONIb30BaHHEM pa30HMeHHs KOMIIOHEHTOB Ha Oosee
3J1eMEHTapHBbIE, paccMOTpeHHUs METPUYECKUX
XapaKTEePUCTHK KOMIIOHEHTOB, KJIACCU(HKAIINH IITPUXOB U
T. 1.
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Segmentation of strokes and their
junctions at recognition of the hand-
written text
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Abstract

We suggest the method of segmentation of a hand-written
text consisting in allocation of separate strokes and
definition of types of their junctions. The text is considered
as the binary bitmap. The method is based on using the
smoothed border and continuous skeleton of the image.

Keywords: segmentation, stroke, junction, binary bitmap,
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