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Pacno3HaBaHue CNUTHbIX PYKOMUCHbLIX CINOB
C NOMOLbI0 HeYeTKux rnmpacdcon

A.B. Kusses

PaccmoTpeH MeToq| paciio3HaBaHUsI CIMTHOTO PYKOIMCHOTO TEKCTA, OCHOBAHHBIM Ha MOHATHU IIHpada — KOHCTPYKLUH, 00bEANHSIOIIEH
cBoiicTBa rpada u muHeHdaroro pucyHka. I[1o ncxoqHoMy m300pakeHNIO PYKOIHUCHOTO CJIOBA MOCTPOSH MOIU(DUIIMPOBAHHEIN IIHpad Kak
COBOKYIHOCTb JIMHHI TOJIIIMHOM B OJIHY TOYKY, Ha3bIBaeMbIX IIeTAMHU. [Tpady comocTaBusiercs OHOpHBIi rpad), BepIIMHAMU KOTOPOTO
SIBIISIFOTCSL KOHLICBBIE TOUKH IIICTEHl M y3JI0BbIE TOUKH, B KOTOPBIX CXOAUTCS HECKOJIIBKO IUICTEH, a pedpamu sBIsAIOTCA camu rietd. Hever-
Kkuit rmpad — 310 Tpad ¢ HedeTKHM ornopHEIM rpadoM. OH GopMHUPYETCs BO BpeMst 00y4eHHsI.

OmnucaHbl IPONEAYPHI MOCTPOSHHST HEUSTKOTO MIMpada U CpaBHEHHs ONOPHBIX rpados. IIpeiokeH BapuaHT Paclo3HABaHUS CIUTHBIX
PYKOITMCHBIX CJIOB KaK B3aMMOJCHCTBHE JIBYX IPOLIECCOB — O0BbEAMHEHHS ONPE/ICICHHBIX MHOXKECTB IUICTEH B IPYIILY U HICHTH()UKALINH
c(OpMUPOBAHHBIX I'PYIIIT KAK HEKOTOPBIX CUMBOJIOB. [Iporiecc o0beuHeH s IeTel B TPYNITy pecTaBiseT co00il BbIeIeHne HEKOTOPO-
ro noanpada B UCXOAHOM rupade, a niAeHTUUKALH CHMBOJIA — 3TO OIPE/EICHUE CXOCTBA BbIACICHHOTO noarupada u 6udnuorey-
HBIX UpadoB, MPECTABISIONIMX CUMBOJIEL. Pa3buenue cioBa Ha moamHpadsl — 3a1ada HEOJXHO3HAYHas, 31€Ch BO3MOXKHBI PA3JINIHbIC
BapHMaHTbI, IOATOMY PE3YJIETATOM JAHHOTO Tarla sBIseTcs rpad) CHMBOJIOB CJI0BA —OPUEHTUPOBAaHHBIIT rpad) 6e3 UKI0B, pedpa KOTOpOro
COOTBETCTBYIOT cMMBOJIaM. Kaxblii IyTh B 5TOM rpad)e OT Ha4aJIbHOI 10 KOHEYHOI BEPILINHBI IIPEICTABIACT COO0H OJIMH U3 BOSMOMKHBIX
BapUaHTOB PACIIO3HABAHMS JJAHHOTO CJIOBA. M IeHTH(UKALMS BBIIOIHSACTCS B HECKOJIBKO 11aros. Ha mepBoM 11are OThICKHBAIOTCS 3TAJIOH-
HBIe IUpadbl, HEYCTKNE ONOPHBIE rpadbl KOTOPBIX CXOMHBI C OTIOPHEIM TpadoM HICHTH(GUIUPYEMOTo mupada, 1 ONpeersieTcs CTeIeHb
CXOJICTBA OMOPHBIX IpadoB. Ha BTOpoM 1iare IpOM3BOAUTCS CPABHEHUE IUIETEH HAMICHHBIX STaJOHHBIX IIHPA(OB ¢ COOTBETCTBYIOIMMU
wieTsaMu uaeHtudumpyemoro rupada. [Ipu 5ToM BEIMUCISIOTCS KOIPUIIMEHTBI CX0KECTH COOTBETCTBYIOLIMX TLIETEl 1 00LMil K0d¢-
¢unuent cxoxxecty mmpados. Ha Tperbem miare BeIOMpaeTcs 3TaIOHHbIH mupad, Hanbonee CXOKUH ¢ MACHTUDHULIUPYEMBIM IIHPAQOM,
1 COIIOCTABIISIETCS CHMBOJI 9TOTO STAJIOHHOTO Itupada.

Kniouegvie cnosa: pacno3HaBaHue, pyKOIMCHBIN TEKCT, HEUETKUH rupad.
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Recognition of Joined-up Handwritten Words by Means
of Fuzzy Glyraphs

A.V. Knyazev

A method for recognizing a joined-up handwritten text is considered. Central to the method is the concept of glyraph, a special construction
combining the properties of a graph and a line drawing. A modified glyraph is constructed proceeding from the original image of a handwritten
word as a set of lines with a thickness of one point, called branches. The glyraph is mapped to the support graph whose vertices are the end points
of branches and the nodal points at which several branches converge, and whose edges are the branches themselves. A fuzzy glyraph is a glyraph
with a fuzzy support graph, which is constructed in the course of training.

Procedures for constructing fuzzy glyraphs and for comparing their support graphs are described. One possible procedure for recognizing joined-
up handwritten words involving interaction of two processes, namely, combining certain sets of branches into a group and identifying the obtained
groups as some characters, is proposed. The combining of branches into a group is essentially a selection of some subglyraph in the original
glyraph, and identification of a character implies recognition of similarity between the selected subglyraph and library glyraphs representing the
characters. Decomposition of a word into subglyraphs is an ambiguous task that may imply various cases, due to which this phase is ended with
the graph of word characters, which is an oriented graph without cycles, whose edges correspond to the characters. Each path in this graph from
the initial vertex to the final one represents one of possible cases of recognizing the word. The identification is performed in a few steps. At the
first step, the reference graphs the fuzzy support graphs of which are similar to the support graph of the glygraph being identified are found, and
the similarity degree of the support graphs is determined. At the second step, the branches of the found reference glyraphs are compared with
the corresponding branches of the glyraph being identified. In so doing, the similarity coefficients of the corresponding branches and the overall
similarity coefficient of glyraphs are calculated. At the third stage, the reference glyraph most similar to the glyraph being identified is selected,
and the character of this reference glyraph is compared.
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PaccmoTpena 3aaya pacro3HaBaHUs CIIMTHO HAITMCaH-
HBIX PYKOIUCHBIX CJIOB KaKk HauOolee CIOXKHAasi U3 3ajad,
BO3HMKAIOIIUX TP PACIIO3HABAHNH PYKOITMCHOTO TEKCTA.

[lpu pacrozHaBaHMM PYKOIMCHOTO TEKCTa MOXKHO
OITUPAThCSl Ha PA3IMYHbBIE MOAXOIbI, B YACTHOCTH OCHO-
BaHHBIC HA HCIIOJIB30BAaHWU CKPBITHIX Mojesneii Mapkosa
[1, 2], ctpykTypHBIX 0cOOeHHOCTEH OYKB 1 0B [3, 4] nin
HEHpPOHHEIX ceTei [5,6].

B [7] omyOnukoBaH MeTOJ pacIiO3HABaHHS PYKOITHC-
HBIX CJIOB, 0a3UPYIOIIUIICS HA UCIOJIB30BAaHUN IIHPAdOB,
rpaormon00HIX KOHCTPYKINH, 00JIaTAIOIIIX CBOMCTBAMH
Kak rpadoB, TaKk W JMHEHYATHIX pUCYHKOB. B [8] ommca-
HBI MonU(uIUpoBaHHble upadsl. B HacTosieil padore
MIPEATIOKEH METO/I Ha OCHOBE MOAN(DUIINPOBAHHBIX TIIMpa-
(OB ¢ HEYETKUM OTIOPHBIM Tpa)OM. MM HEUETKUX IIHpa-
¢os.

Ha srtame npenBaputensHOi 00pabOTKH n300pakeHNe
CKEJICTU3UPYETCS C IIEITBI0 TOIyYESHUS JTMHUH TOJIINHON B
ofiHy TOuKy. Takum 00pa3om, CJIOBO BBINISAUT Kak HAOOp
TOYEK Ha JUCKPETHOH rurockocTH ¢ marom | (puc. 1). ITox-
pobHOe onMcaHue Mpolecca CKeIEeTH3AMH MPEICTABICHO
B [8].

Puc. 1

[Tpu nocrpoennn MoaupUIMPOBaHHOIO TiMpada uc-
TIOJIB3YEeTCSl  OTCKAaHMPOBAaHHOE — HECKEJIEeTH3WPOBAaHHOE
n3obpaxkenne (Tmocine ygajueHus: myMoB). B aTom ciryuae
JIMHUY, 00pasyloliye ClI0BO, UMEIOT TOJIIUHY Oojiee of-
HOW ToYKH. MoanduimpoBaHHBIA IMpad CTPOUTCS Clie-
JYIOIIMM 00pa3oM: Ha JIMCKPETHYIO TNIOCKOCTh H300paske-
HUS HAKJIJBIBACTCS CeTKa ¢ marom /i (7 > 1), ee y3ibl, 1Mo
KOTOPBIM ITPOXOAAT JINHUH H300payKeHHs CIIOBA, CTAHOBAT-
s BEepIIMHAMH MOIU(PHUIIMPOBAHHOTO THpada.

Ha puc. 2 u3o0pakeHa AMCKPETHasi TUIOCKOCTh C Ha-
JIO)KEHHOW CeTKOH (mar paBeH 5) U M300pakeHneM OyKBBI
«m» (7151 yro0cTBa BOCIIPUATHS HAPHUCOBAH TOJIBKO BHEIII-
HUI KOHTYp JIMHUH OykBbI). UepHble TOUKHM 0003HAYAIOT
BEPIIHHBI MOIU(HUIIMPOBAHHOTO IIHpada.

AJNTOPUTM ITOCTPOCHNUS MOAN(PHUINPOBAHHOTO IHpada
npenacrasieH B [8].

Ha puc. 3 moxasan MomuHUIIMPOBaHHBIN Tupad s
OYKBBI «H», U300pa’keHHOHN Ha pHC. 2.

[epeiinem K o0cyxeHuto HeueTkux mmpados. Ha
puc. 4 mpuBeAeH HedeTKH Trpad OyKBBI «ay.

Bepmmns! oroproro rpada HaprcoBaHbI OSITBIMH TOY-
KaMH ¥ TIPOHYMepoBaHbl. B Tabiuiie npeacrasieH npuMep
OTHMCaHUs HEYETKOTO OTIOPHOTO Tpada 3Toro rupada.
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MOXHO TPEIIONIOKHUTh, YTO CTENeHb NPHHAIIEKHO-
ctu uist peopa 0—>5 (3HaueHne QyHKIMU MPUHAUICKHOCTH
9TOr0 pebpa HEeUYeTKOMY MHOXKECTBY pedep rpacda) paBHO
0,3; ms pedbpa 1—3 — 0,8, T. . 3TH pedpa MOTYT BXOIUTH
WM HE BXOJWTH B Ipad), ocTanbHbIe pedpa Beeraa BXOIAT B
rpad, Uit HUX CTENeHb IPHHA/UISKHOCTH paBHa 1.
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OnucaHne HEYETKOTO ONOPHOTO rpadga

Homep Bepminnbl 0 1 2 4 5
0 0 1 0 0 0 0,3
1 1 0 1 0,8 0 0
2 0 1 0 0 1 0
3 0 0,8 0 0 0 0
4 0 0 1 0 0 0
5 0,3 0 0 0 0 0

Heuetkuit omopuslii rpag rmupada dopmupyercs B
mporecce odydeHus. Ha Bxom momarotrcss oOpasiiel OyKB,
JUTSA KaKJI0T0 00pasia GopMupyeTcss MOTU(PHIINPOBAHHBII
mmpad ¥ BBIIOIHACTCS CIIEAYIOIIas poLeypa.

I[UKIJI o sTanoHam gaHHO# OyKBBI
Bepercst onopHsblii rpad sTanonHoro rupada
dopmupyeTcst OnmopHbIi rpad BxogHOro rupada
BeInomnHsAeTCs cpaBHEHUE 3TUX OMOPHBIX IpadoB
ECJIN rpadsr coBnamator TO
OcymecTBiIsgeTcsl mepecdyer CTENeHel Ipu-
HA/IJISKHOCTH pebdep
NHAYE
[IpoBepsieTcs BIOXKEHHOCTH TpadoB Moaupu-
IIUPOBAHHBIX IMHPA(OB
ECJIN omuu Tpad BiokeH B qpyror TO
dopmupyeTcst JOMOIHUTENIBbHAS BEPIIMHA
oropHoro rpada
[TepecunThIBatoTCSl CTENICHN MPUHAIIICHK-
HOCTH pebep
NHAYE
Bxonnoii mmpad BKIIOYAETCS B UHCIIO
STAJIOHHBIX MIHpadoB
IIpepBars UK
KOHEL[ ECJIN
KOHEL ECJIN
KOHEL HMKJI

OrmopHsle rpadbl CpaBHUBAIOTCS CIICTYIOIIIM 00pa3oM:

® Ha OCHOBAaHUM ONOPHOTO rpada cTPOUTCS B3BEIICH-
HBIN Tpad myTem BKIIIOUCHMSI HH(OPMAILIMH O MECTOIOIO-
YKEHUH BEPILIUH;

® BepIIMHBI rpada yrnopsio4uBaoTCs MO BO3pacTa-
HUIO abLIMCC ¥ Op/IMHAT BEPILINH;

® CPaBHUBAIOTCS MOCIIEA0BATEILHOCTH BEPILIH;

® cCJIM BBISIBJICHO CXOJICTBO MOCIIEA0BATEIBHOCTEH, TO
rpad)bl CYUUTAOTCS CXOKUMU;

® CCIIM CXOJICTBO HE BBISBICHO, TO OCYIIECTBIISIETCS
NEPECTAaHOBKA KOHIICBBIX BEPIIUH JJIA MOYTH BEPTUKAJID-
HBIX TJICTEH;

® [IPOBOJIUTCSI TIOBTOPHOE CPAaBHEHHUE MOCIICAOBATEIb-
HOCTEW BEpILUH;

® cCITM BBISIBJICHO CXOZACTBO TOCIIEA0BATEIBHOCTEH, TO
rpadbl CINTAIOTCS CXOKMMH, B IPOTHBHOM CIydae OHU HE
CXOXKH.

Wrak, Oyzmem cautaTh, 9TO UMEeM IIHpad pacro3HaBa-
€MOTO CJIOBa.

[TonpoOHO mpowexyphl MOCTPOCHHS MOAU(DHUIIMPOBAH-
HOro riupada, IMOCICAYIONIEro paclio3HaBaHus CJIOBa, a
TakKe mpuMep rpada mpeacTaBieHsl B [8]:

Yro KacaeTcs BOIIPOca MOCTPOSHUS HEYETKOTO IInpa-
(a, To Ha BTOPOM M TPEThEM IIIarax MpoIecC BHITTOTHIETCS
Tak, Kak 3TO onucaHo B [8], 6e3 n3meHeHui. [lepBriii mrar
BBITIOJIHSACTCS MHA4YE, IOJTOMY PACCMOTPHM €ro MoApO0-
Hee. [IycTh B HANMMYUK UMEIOTCS HEUCTKUT OMOPHBIH Tpad
ATANIOHHOTO Iupada U OMOPHBIA rpad) BXOAHOTO mupada.
Jlajiee BBIMIOIIHUM CIIEIYIOIINE ACHCTBHS:

® [IPOBEPUM, BIIOXKEH JIH OIIOPHBIH rpad) BXOAHOTO K-
pada B OTIOpHEIIA Tpad dTATOHHOTO IHpada;

® cCIIU BIIOXKCHHOCTH HET, TO IIHpadbl HECXOXKH U IPO-
BepKa IpephIBacTCs;

® BCJIM BIIOXKEHHOCTh MMEET MECTO, TO BBIYHCIISETCS
KOO PHUIHEHT CXOKECTH OMOPHBIX rpadoB 1o hopmyrie

> S >,
1_ s
stj 2/

rae s, — JIMHA J-# miety; W, — CTeTIeHb NPUHA/IEKHOC-
TH COOTBETCTBYIOLIET0 pedpa HeUeTKOTo OIOPHOIo rpada;
d, — paccTosHue MeXkTy i-MH BEPUIMHAMH OMOPHBIX T'pa-
(hoB; / — paccrosiHME MEXTy 0a30BBIMHU JIMHUSMH.
KoadpduumenTs! cxoxectH i-x mrereid 1 rmupados omnmca-
HEI B [8].

Takum 006pa3oM, ¢ KaXKIbIM U3 OTOOPAHHBIX ATAJIOHHBIX
mpadoB HAXOMUTCS STAIOHHBIN THpad, Hambomee cXo-
KHUH ¢ UACHTH()UINPYEMbIM, U HACHTU(HUIHUPYEMOMY IIIH-
pady NPUIKCHIBAETCS CUMBOJI 3TOTO STATIOHHOTO Tupada.

PaccMmoTpeH moaxox K pacro3HaBAHUIO CIUTHOIO Py-
KOITMCHOT'O TCKCTA, OCHOBAHHBIM Ha MCIIOJb30BAHUM HE-
yeTkux rmpados. Onucana npouenypa MocTpoeHusl He-
YETKOTO OMOPHOro rpada MoAn(GHUIMPOBAHHOTO TiUpada,
NpUBEJICHA TIPOLEypa PacHO3HaBaHUs CIUTHOTO PYyKO-
IIICHOTO CJIOBA, M3JIOKEH CIOCO0 ONpeeeHUs] CTEeICHN
cXOoKecTH rmpadoBs.

JeOmop _

Pabora BrmonHeHa npu moxnepxke PODU (mpoekt
14-01-00671a).
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