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candidatecharacters．And thisalgorithmhasafacultyfor  
extractingwordsevenwhentherightcharacteTisnotamong  
thecandidatecharacters．Asaresultalgorithm（b）isfaster  
thanalgorithm（a）andcanbemoreprecise・   
ThispaperproposesanerrorcorrectionalgorithmEor  
handwrittenKaniinamerecognition・Errorsandreiectsofa  
eharaeterrecognitionareautomaticallycorrected with the  
helpofanameknowledgebase・Furthermore，Whenusers  
write Kanj・name On a VOuCher′they usua11y must obey  
certainru）es・Ourproposedalgorithm′however′a）lowsusers  
towritenameswithoutbeingconsciousoftherules・Itconsists  
ofawordmatchingfunctionandanevaluatjonEunction・For  
wordmatching′ahigh－Speedautomaton－tyPemethod【10】－  
【11】extractsthelstand2ndnamesfromanypositioninone  
continuous namein realtime，The evaluation funetionis  
CaTriedoutonlywhenlstand2ndnamearewrittenasone  
continuousstring・TheevaluationfunctionevaltJateSthename  
byus］ngthepositionalconditionbetweenthelstand2nd  
names・Thealgorithrnhasbeenrunon13・926handwritten  
JapanesesampleKaniinarnes′anditcorrected633percentof  
therecognitionerrorsandrejectsinrea＝imc・  

2．EzTOrCorrectionforHandwrittenKan5iNames  
Re亡Ognition  

2．1JapaneseKaniinamesandhowtowritethem  
JapanescKanjinamesarewrittcn，rOreXamPle，aSShown  
inFig・1・Peoplewriteannameasonccontinuouss（ringorasa  
lstand2ndnamewithdelimitingspaces・Fig・1showsthe  
namewrittenasonecontinuousstring・WhenpeOPlewrite  
namesonvouehers．theyrnustobeyanarne－Writingrule：that  
namesbewrittenasIstand2ndnamewithdelimitingspaces  
inordertoimprovetheprecisionofrecognition・  
Japanesewriteanameasone 

． 

fromanypositioninthestring・AndasshowninTablel・  

Handwritten name  

Abstract   

The error correction algorithm for handwritten Kanii  
namerecognitionispresented′hereautorrLaticallyeorrects  
errorsandrejectsevenwhenuserswriteKanjinameswithout  
bcing conscious of formalnotationru1es・The algorithm  
consists of a word matching Eunction and an evaluation  
function．Forword matching，ahigh－SPeedautomaton－tyPe  
rnethod extracts′in realtime′1st and2nd namefromany  
positioninoneeontinuousname・Theevaluationfunctionis  
⊂arriedoutonlywhenlstand2ndnamearewrittenasone  
eontinuousstring・Theevaluationfunctiondeterminesthe  
rightnamebyuslngaPOSitionalconditionbetweenlstand  
2nd name．When this algorithm was run on13′926  
handwrittenJapaneseKanjinames′itcorrected63・3perCent  
O＝herecognitionerTOrSandrejectsinrealtime・  

1．Introduction   

Effi⊂ient automation ofoffices wi11requlreinformation  
entry systems tll－［31to usean OpticalCharacter Reader  
（OCR）thatcanrecognizethcinforrnationwrittenonpaperS・  
1nformatjot－entrySyStCmSmuStrC⊂OgnlZelargeamountsof  
information，andanarneisausefulreferenceforarranglngOf  
information・Thesystemshouldperformthefollowlngthree  
tasks：itshouldcorrectrccognitioncrrorsandrejectswitha  
highprecision′itshouldrceognlZCnameSinrealtime′andit  
shouldhandlenameswritteninseveralnotations．   
SeveralKanjlname entry methods have already been  
developcd，and one uses only the results oE an OCR・  
HandwrittenKanjirecognitionhasproblems・Forexample′  
Kaniihasabout7，000categorics，many Sirnilarcharacters′  
and much variability between writers. This method is 
thereforenotsuitableforinformationentrysystems・Another  
method r4），［5］uses a knowledge base・In recognizing  
charactersonavoucher，reCOgnitionitemsname，addressand・  
so on are determinedin advance，SO that this method can  
rccognizetheitemsbyusingappropriateknowledgebases・  
Thcprocedurematchesresultsofrecognition with words  
includedinaknowledgebase・Thalis′theprocedureisword  
matching・Word matchingalgorithmsforKanjirecognition  
are elassifiedinto two eategories・One category（a）is a  
COmfX）undwordmatching（61・   
Thcsceondcatcgory（b）ofalgorithrn weproposeisan  
autornaton－tyPeWOrdmatching【71・Incategory（a）′aStringis  
compounded of candidate characters. If the string exists 
withinaknowledgebasc，itisregardedasacandidateword・  
Whenacontinuousstringconsistsofrnultiplewords′this  
algorithmcreateshugestrings・Andwhenthcrightcharacter  
isnotarnongtheeandidatecharaeters・therightwordcannot  
beextracted・ThelengthofawordisLandthe numberof  
compoundedstringsis∑i＝1，S∑i＝1′iKL・WhenKisabout3［6］′  
thisalgorithmhasnoproblem・8utwhenKisabout20′itis  
notsuitableasthewordmatchingalgorithm・Algorithm（b），  
theothcrhand，uSeSaFiniteStateAutomaton（FSA）t8ト［9］  
madefromcandidateeharacters．WordstolnPuttOtheFSA  
aresearched fromwithin theknowledgebaseaceordingto  

・・・■■引竺＿－4丁÷  

Candidate lattice 
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Fig・1・Candidatelatticeexample■  
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thewordmatehingpositionLIOJ－［12J・Theevaluationrunction  
evaluatesnamesbyusingapos摘onalconditionandpeLna］ties  
OutPutatWOrdmatching・ThegcneraIproecss．ngnowofthis  
algorithmconsistsoEfourstages・First，Candidalccharaetcrs  
forahandwrittenKanjinameareoutput・Acandidatelattjcc  
ismadefromthesescharacters・lnthcsccond stage，WOrd  
matching is carried out by shifting the word matching 
POSition・Onlyぐandidate names and theiT Penalties are  
OutPut・Thispenalty shows the ambiguityofa candidate  
name・Inthethirdstep′theevaluationfunctionis⊂arriedout  
Onlywhenuserswriteanameasonecontinuousstring・Tnthis  
function, the positional condition determines whether a 
Candidatelst name and a candidatc 2nd narne ean be  
COnneCted or not・Arnbiguities or candidate narncs aTe  
Calculated′andtherightnameisestimatedaccordingtothe  
value of these ambiguities. 

3・2High－Speedautomaton－tyPeWOrdmatching   
A Kaniicharacteris reprcsented by2bytes・This  
algorithmtransfersonceEoronecharacteraccordingtothe  
COdethathascornpTeSSeda2－bytecodc・Thisalgorithmalso  
extractswordsatanypositioninLhecontinuousstring・  

3.2.1 Principle of the word matching 
ThewoTdmatchingconsistsofanautomatongencrator′a  
hjgh－SPeed automaton－tyPC WOrd mat亡hing part，a namC  
knowledgebase′andawordsearchcontroller（Fjg・2）・The  
gcneralprocesslng flow consists of four stagcs，First′a  
handwritlcnstringissぐannedandaKanjirecognizeroutputs  
uptoKcandidateeharaetersforeachcharaeter・＾candidatc  
latticeis made from thcsc candidate eharacters．Jn thc  
SeCOnd stage，the automaton gcncrator generatcsa high－  
SPeedFSAfromthecandidatclattiec・lnthethirdstage′the  
wordsearch（：OntrOl）crsearchesforwordsincludedinaname  

knowledgebasebasedoncandidatccharaぐterS′and whenit  
findsthcmtheyarelnPuttOthehigh－SPeedautomaton－tyPe  

WOrdmatchingpart・Thenword matchinglSCaTricdol）tby  
uslng a WOrd extracting method・Finally′On］y eandidatc  
WOrdsareoutput・   
Thehigh－SPeed FSAismadefromthecandidatc］attice．  
Astatetransfersonceforeachcharac（CrmakingofanlnPut  
WOrd・AsshowninFig・3，theFSAhas（written⊂haracters＋  

l）statesand（亡andidateeharaeters＋1）paths・Thepena］ty  
andthecornpressedeodeofthecandidatecharacterareg．ven  
toeachpath・Thcstatenumbcrcorrespondsto thewritten  
POSitionnumber・WhenacompresscdcodeUiislnPuttOa  
S（arting state，aStatetranSfersfrom the statetonextstate  
through path Ui・Atthesametime′thepenaltyPiisread・  
ThispenaltylSaSSlgnedaccordingtotheordero＝heoutputs  
Oftheeharacterrecognition・1fthecharactercorrespondingto  
Uiisnotarnongthecandidatecharaeters．thestatetransfers  

through another path・In thiscase，thepenaltyPotheris  
read・Thatis′the right word can be extracted evenifthe  
rightcharacterisnotamong thecandidate⊂haracters．The  

Evaluate  

Tablel．Distributionofword］engths．  

Length   1stname   2ndname  
（WOrds）   （WO「ds）   

750   1，287   

2   28，256   42，261   

3   5，172   16，941   

4   53   800   

5   2   43   

Total   34，233   61，332   

）apaneseJ（aniinamesareshort・Forexample′1s（and2nd  
nameshaveanaverageof2・4charaeters・Therearealsoone－  
eharacter narnesand two－Charaetersnameswithonlyone  
、－ 

．＿＿＿  

difficult to distinguish Ist and 2nd name such as 
：・ 

Fna1y′ 
three kinds of character sets：Kanji，Hirakana′ and  
Katakana．Therearcabout7′000charactcrs．   

2．2Targetoferrorcorrection  

The proposed algorithm recognizesJapanese names  
Written on vouchers・A continuous name，forexample′is  
SCannedanduptoKcandidatesforeachcharacterareoutput・  
ForhandwrittenKanjirecognition，Kisabout20・Acandidate  
latti⊂eis made from candidate characters（Fig・1）・The  
algorithm needs to accomplish the fol］owlng three tasks・  
Firsいhewordmatchingneedstoextracttherightnamesat  
any position from the candidatelattice by uslnga name  
know）edgebaseconsistingofonehundredthousandnames・  
Sccond′eVenif the right charaeteris not among the  
Candidate characters′the algorithm needs to acquire the  
right narncin rcaltime・Final］y′eVeniE names are not  
Writtenin Eorma】notation，nC right name nceds to be  
acquired・  

3．ErrorCorrectionAlgorithm   

3．10utlineoferror（Orreぐtion   

The proposed algorithm consists of a word matching  
function and an evaluation function（Fig．2）．The word  
rnatchingtunction that we havea］readydeve）oped carries  
Out high－Speed automaton－tyPe WOrd matchingbyshifting  

Word Matchin  
Handwritten name  

lCandidate name 

田中幸子  Automaton  
generator  automaton－tyPe  

word matching High－SPeed  
Candidate lattice Evaluation  

function   田中幸夫  は
 
 

Wordsearch  COnt「0＝er  

Fig・2．0utlineoftheerrorcorrectionaIgorithm．  
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notamongthecandidatecharactersoutputbytheOCR・In  
addition，the same words are sometirne searched for  
accordingtodifferentkeysatdifferentpoll－tS・rnlishastobe  
avoided・Thewordtableissortedbythelstkey・Thewords  
havingthesamePthkeyarelinkedbythePthkeypolnter・  
The word searchprocedureconsistsof the followlngEour  
StePS・Forthisexplanationol－eWOrdiswrittenonasheetand  
Pis2．First，eandidatccharactersareregardedasthcIstkcy・  
Wordsl（wi，Wk′Wl，●●）arescarchedEoratpositionlbyusing  
thelstindex table′and areloadedinto a searched word  
tablc・lntheseeondstep′WOrdsII（wi′Wk／Wp，・・）arestill  

searchedforat（positionl＋1）bythe2ndindextable・lnthe  
third step′these words are checked to see whether they  
havealreadybeensearchedfor・Thecheckprocessis：  
IFthelsteharacterofwordsIIisacandidateatpositionl   
THEN  

Searchforthenextword．   
ELSE  
Loadtheword・Thewordhasnotyetbeensearchedfor・  

Finally，OnlythewordsII（wi′Wp・・・）thathavenotyet  
beensear⊂hedareloadedintothesearched word table・By  
repeatingthisprocedureuntiltheendofastate・itiseasyto  
applythewordextraetingmethod・  

3．2．2Wordextractionatanyposition  
Thisalgorithmextractswordsatanypositioninthe  

continuousstring【11］－t12］・TTteprincipleofthisproeedureis  
thatastartingaddresscontroIsthestatethatstartstheword  
rnatching（Fig・5），and thewordmatchinglSCarriedout・  
Thus′itispossibletoextraetwordswrittenatanyposition・  
Thisprocedurehastwosteps・First，thestartingaddressisset  
toastartingstate′andthehigh－Speedautornaton－typewOrd  
matchinglSCarriedout・Onlysuitablewordsareoutputtothe  
candidatefile．Second，thestartingaddressisshiftedbyone  
stateandthewordmatchingprocessisrepeated・Thissecond  
procedureisrepeateduntilthestartingaddressreaehesthe  
endofthestate・WordmatchinglSCarriedoutonlywhenthe  
followlngCOnditionissatisfied：thelengthofanlnPutWOrd  
islessthanthenumberofstatesthatthewordmatchinghas  
notyetstarted・   

3．3Evaluationofcandidatenames  
Whenanameiswrittenasonecontinuousstring′the  

right name is evaluated according to the positional 
information and the penalties at word matching・The  
evaluation funetion has four procedures（Fig・6）・First・  
candidatelst′ names and candidate 2nd names are  
eompounded・Inthese〔Ond step・（hepositionalcondition  
between candidatelstllameS and candidate2nd narnesis  

［］：Penal吋  

（）：Compressedcode  

Fig・3Representationofhigh－SPeedFSA・   

characterrecognitionoutputscandidatecharactersinorderof  
highestreliance・Sothesmallerthepenalty′thehigherthe  
reliance of the candidate character．   
1nthewordmatchingprocess′thestatetransfcrsfromthe  
startingstatetothenextstateaftereachcornpressedcode  
makingofawordislnputtOtheFSA・ThepenaltylSread  
from theFSA and accumulated whenevera state transfers．  
Thisprocessisrepeated untiltheend ofthe word・The  
accurnulatedpenaltyrepresentstheambiguityoftheword・  
The wordis regarded asa suitableword only when the  
accumulatedpenalty．ssmallerthansomespecified value・  
WhentheaecurnulatedpcnaltylSlargerthanthisvalue′the  
word matchinglSCanCe11ed・Thelargerthevalueset，the  
highertherelianceofthewordrnatching・Processlngtimel  
however′becomesexcessiveand thenumberofunsuitable  
wordsincreases．The value therefore needs to be set by  
tradingoffbetweentheprocesslngtlmeandrecognitionrate・   
This algorithm sear⊂hes for words within alarge  
knowledgebasebyusingcandidatecharacters【11］′【13］・The  
knowledgebaseisconstructedfromindextablesandaword  
table（Fig・4）・Wordsincludedjnthewordtablearesortedby  
thesamekeyeharacterand searched forbyuslngindex  
tables・ltis supposed that thePthcharacterofwordsis  
regardedasthekey・WhenthePtheharaeterisamongthc  
candidate characters, the right word is obtained. That is, 
therightwordcanbeobtainedeveniftherighteharacteris  

Worddictionary  

Fig・4・Representationofaknowledgebaseforwordsearching・  
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Handwritten name  

膣」卜中Ⅰ射「オ  

Candidate lattice 

子
干
母
芋
予
寸
丹
手
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丑
チ
卓
専
 
 

茸
真
幸
妻
毒
青
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孝
奇
書
専
事
繋
黄
 
 

申
申
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牛
守
羊
字
事
安
キ
串
半
牟
幸
辛
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野
回
国
四
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固
四
囲
囲
園
旧
由
日
日
 
 

S
t
 
 

1
 
 

◎：Stateatwhichstarlwordmatching  

Fig．5．Wordextractionatanyposition・   

1stcandidate：田中幸子  

Fig．7．Correctedexampre．  

一首  
the 2nd written character 

the 3rd written character 

SOmerightchaTaCterSaS  
algorithm acquired the  
eontinuousstring・   

4．3Corre亡tionrate   

The correction rate is 
errors and re）eetS・We  
SamPleswhenrneasunng  
2ndnames・Fig・8shows   

′′（naka）in the2ndorder，for  
′‘（sachi）inthe3rdorder，and  

thefiTStCandidate・Theproposed  
rightlst and2nd name as one  

Fig・6・Evaluationofcandidatename  
foronecontinuousstring．   

Checked．Åsa result，1stand2nd namesareselccted，tnthe  

thirdstep．ambiguitiesofoneeontinuol黙nameareCalculatcd  
byuslngthepenaltiesofthelstand2ndnames・Finally′the  
rightnameisestimatedfromthevalueoftheseambiguities・  

4．Experimentalresults   

4・1Amethodofexperiments   
We implemented this algorithm at a workstation as 
SOt（WareWritteninClangt）age・Theworkstationusedinthe  
experlrnentSa32－bitCPU（MC68020′20MHz）anda16－Mbyte  
rnainmernory・Theprocesslngfacultyo＝hisworkstationwas  
aboutlMIPS．   

WeveriFiedtheeffectivenessofthisalgorithmbyuslng  
13′916samplesnarnes・Boththelstnamesand2ndnameshad  
the average o（2・4chara⊂terS．The number oF candidate  
Characterswas15′SOthe⊂andidatelatticewasa15†Lmatrix  

（Listhelengthofaninputname・）Thenameknow）edgebase  
inelude34，2331stnamesand61′3322ndnames（Tablel）．Two  

perCentOfal11stand2ndnameswereone－Characternames；  
the other98percent were names with more than two  
ChaTaぐterS．   

4．2Anexampleoferrorぐ0汀e亡tion  
ミ  

二ニ  

result・Characterrecognitionoutputsthcrighteharaeterfor  

therateofcorTe亡tingrecognition  
used unconstrained handwritten  
the corre亡tion rate of thelst and  

therelationbetween thecoTreCtion  
rate and the order of the candidate eharaeters．For thelst  
name，62・8percento＝herecognitionerrorsandrejee（SWere  
COrreCted′andforthe2ndname63・8percentoftherecognitjon  
errorsandrejectswerecorr∝ted・Anaverageof63・3percentoE  
the recognition errors and reiee（Sin the First order were  
COrreCted．   

4・4Pro⊂eSSlngtime   

Wemeasuredtheprocess】ngtimeoflstand2ndnamesand  
thetotalprocessingtimeperJapanesesarnplename（Table2）．  
The totalproeesslng time wasl16．9msec′Whichis East  
enoughtobepractical・Thehigh－Speedautomaton－tyPeWOrd  
matchingacqulreSnameSbyuslngCandidatecharaeters．The  
tirneit requires depends onlhe nurnber oE candidate  
Charaeters，SO the proposed a）gorithrnis Easterif the  
eharacterrecogn摘onoutputsfewer⊂andidates．  

5．Con⊂1usion  

WeproposedanerroTCOrreCtionalgorithm（orthatusesa  
nameknowledgebasehandwrittenKanjinarnerecognition．  
This algorithm uses high－SPeCd automaton－tyPC WOrd  
matching based on the shifting word matehing position・  
Userscanwritenarnesonvoucherswithoutbcingcons亡iousor   
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Table2．Processlngtime．  

Measured time 
Procedure  

（msec）   

Firstname   65．5   

Secondname   51．4   

Totat   116．9  

Corre⊂tionofJapaneseSentenees，．●Proc・COL］NG80′PP・   
257－261（1980）．  

【6］ T．Sugjmura′’’ErroreorrectionmethodforeharacteT   
recognitionbasedonconfusionmatrixandmorphologlCal   
analysis′”Trans・qfl叩aneSe］nsE・OfEtectron・］ゆr・Ond   

Comm．Eng．，Vol・J72－D－TI′PP・993－1000（1989，in  
Japanese）・  

【71 K．Marukawa，M・Koga，Y・Shima′andH・Fuiisawa′   
‖Automaton－tyPe Word matching for Charaeterinput   
systems′‖N血兢川血Conひど円山〃尺ecord呼J叩d”eSeJ乃5f・呼   
EJec細れJゆr・〝”dComm・E叩・′6－80′（1990．inJapanese）・  
18J W．A．Wulf′M．Shaw′P．N・Hilfinger′and L・Flon′  
・・FundamentalStruetureofComputerScience′”ADDISON   
WESLEY（1981）．  

L91 A．V．Aho and M．）．Corasick．‖Efficient String   
Matching′”Com・OfACM，Vol・18，No・6′PP・333－340   
（1975）．  

LlO） K，Marukawa，M・Koga，Y・Shimaand H・Fuiisawa，   
‖A＝igh Speed Algorithm tor Automaton－tyPe Word   
Matd吊ng‖．N血on〟JCoれひどれfわ托尺ecord o／ル中rⅢ戊由れ   
Proce55fれg5血叫イ／dP椚，2－135′（199（いnJapamse）  
L川 K．Marukawa′M・Koga′Y・Shima．andH・Fujisawa，   
‖A High Speed Word Matching Algorithm for   
Handwritten Chinese Charaeter Rceognition，”Proc・［nt・   
軌止血甲州ル加砧祀n血明卑画血血俗情付ん狛 pp・   
445－449（1990）．  

【121 K．Marukawa，M・Koga，Y・Shima，and H・Fuiisawa′   
‖AWordExtractionMcthodforAmbiguousInputStringby   
Using Automaton，tyPe Matching′●’Nationat Conven   
尺gcord呼JdPdne5gJnsf・可EJecfr口和・ル中r・β”dComm・餌g・′   

6－110′（1992，inJapanese）・  

【13】 Y．IidaandT・Sugimura，’’AStudyofwordmatching   
methodwithDictionaryforpattcrnrceognition，‖lapanese  
J帽f．吋EJec什川．ル巾r・〟”dCor”軋E”g・′PRL82－77′PP・93－   
98，（1982，inJapanese）・  

1   2  3  4  5  

0rderofcandidatecharacters   

Fig・8・CorrectionrateforKanj■nameS・  

Offormalnotationru］es・Experimentalresultsshowthat63・3  
PerCentOfthecharactcrrecogn．tionerroTSandrejectsfrom  
13，916handwrittenJapanesesamplenamcswerecorrectedin  
realtime，  
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