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ABSTRACT   

This paper presents a database construCtion method  
fromJOurnalcontentimagesfocuslngOntheloglCalstruC－  
tureconstruction．Inthispaper，WeprOpOSeaVariant  
OftheregularexpressiontorepresentalogicalstruCt11re  
andlayoutofthedocument．Thisexpressionisextended  
inordertoanalyzetokenslocatedinaplane．Wealso  
discussthesystematicdefinitionoftheextendedreg11－  
1arexpressionfromtheschemaofnestedrelationthat  
StOreSthecomtentsofjollrna15．   

1INTRODtJCTION   

Recentlymanystudieshavebeendoneontheinfor－  
mationextractionfrom documents．Asaresult，many  

documentprocesslngmethodsareproposedandapplied  
to various kinds ofdocumentssuch as o爪cedocuments  

tl】，neWSpaperS【2】，businesscardst3］andsoon・There  
SeemStObetwoapproachesforthedocumentprocess－  
1ng．Oneis basedon the numerical－Valuedfeaturesof  
the documentimages．In this approach，thelogical  

StruCtureandlayoutofdocumentsareimplicitlydefined  
inthealgorithms【4，5】・Theotheristheknowledge－  

directed approachin which severalkinds ofr111es are  
usedwithnumerical－Valuebasedalgorithms［6，7l・We  
discuss a database construction method from journal 
COntentimages focuslng On thelogicalstructure con－  
StruCtion．KnowledgeisindispensabletoanalyzeJOur－  

nalcontentsbecausethelayoutofthecontentsaremuch  
differentdependingonthejournals・Therefore，Weadopt  
theknowledge－directedapproach．   

AdatabaseschemarepresentsaloglCalstructureof  
data．General1y，databaLSemOdelshavesu爪cientpower  

to de航nethe structureofvariouskindsofdata．Weuse  

databaseschemaa5theloglCalstruCt11reOftheobjective  
documents．Inourapproach，knowledgeisrepresented  
inakindofregularexpressiontllatisconstructedfrom  
thedatabaseschemabyaddingthelayoutinformation．  
ThisapproachhaBthefo1lowlngadvantages・  

●ThestruCturede£nitionabilityoftheexpressionis  
expectedtobeaspowerfu1astheadopteddatabase  
model．Therefore，the expression can beapplied  
to various kindsofdocuments．   

●Sincethelogicalstructure hasalready been de一  
重nedasthedataba5eSChema，theusershaveonly  
toaddthelayoutinbrmationtotheschema・This  
reducesthetlSer’sworkonknowledgede丘nition・   

●ThegeneratedstruCtureisdirectlymappedtothe  
database data．   

Asforthejournalcontent，WeuSethenestedrelational  
databasemodel【8】・Inthispaper，Wefirstoverviews  
ournllmerical－Valuebasedprocesses，thenshowstheex－  
tendedregularexpressionandparserforit・   

2 PRECEDENT PROCESSES   

Mainrolesofdoc11mentprOCeSSlngSyStemSaretO   

l・eXtraCtSegmentSfromdocumentimagesthatcor－  
respondtologicalunitsofthedocuments，   

2．claBSifythesegmentsintoclassesand  

3．construCttheloglCalstructureofthedocuments・  

Fromthedatabaseconstructionpointofview，theseg－  
ment，theclassandthelogicalstructurecorrespondto  
attributevalue，attributeandschema，reSpeCtively．   

Ordinalrelation of the relationalmodelis viewed  

asasimpletableinwhichtheattrib11teValuemustbe  
atomic．The schema ofrelationsis defined as aset of  

attribute names．The nested relationaldatabase has  

recursive schema in which the attribute value can be 

anyofatomicvalue，tupleandrelation・Therecursive  
schemaofthenestedrelationisrepresentedwithatree  
struCturelikefig．1thatrepresentsaloglCalstruCtureOf  
contentsofajournal．Acontentcorrespondstoatuple  
ofthenested relation．   

For the purpose ofthe database construCtion，We  
needtodecomposecontentimagesinthelevelofatomic  
attrib11teVal11eSandclassifythemintothecla5SOfthe  
attrib11teS．Thissectionoverviewsourapproachtothe  
segmentationandtheclassi6cationofjournalcontents・  

SegmentationInthisprocess，reCtangularsegments  
shownin允g．2areextracted・Thenthesesegmentsare  

orderedasm11ChaLSpOSSible．Intheordinaldocuments，  
loglCalunitsofthedocumentarenaturallyorderedin  
theleft－uppertOright－bottomdirection・However，SOme  
JOurnalshavecomplicatedlayoutsanditisdi爪cultto  
orderthesegmentsunlquely．Werepresentadocument  
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Figure3：AnOutputofthePrecedentProcesses  

Figurel：SchemaofaNestedRelation   

pagewitharecursivematrixwhosecomponentsarea  
Segment OrareC11rSive matrixand whose columns and  

rowsareseparatedbyseparatorssuchashorizontal，1ine  

0  

andrightarerecursivematricescorrespondingtothe  
leftandtherighthalvesofthecontentre叩eCtively．This  
processisrealized bymeshingacontentandapplying  
theprojectionpro6）emethodtoeachmesh．  

Cla5SificationInthisprocess，SegmentSaremaPped  
totokenswllichcorrespondtoattributesaccordingto  
thefeaturesofthesegmentssuchasthesegmentsize，  
typeofbntsandsoon．   

In thedatabBLSeCOnStruCtionfromdocuments，the  
COntent maylnClude11nneCeSSaryinfbrmationfor the  

databasesuchasheadersuEditors”，“Editorialboard”，  
“Articles”infig．2．Inordertohandletheseadditional  

SegmentS，Weaddseveraltokenscorrespondingtothese  
SegmentS・For thejournalofGg．2，the added tokens  

areHeadl，Head2，andHead3thatcorrespondtothe  
headers“Editors”，“Editorialboard”and“Articles”re－  

SpeCtively．  

ItisdifRculttomapeachsegmenttoanattribute  
COmpletelybyuslngOnlythenumerical－Valuedtbature＄．  

Therefore，We define the token as a set ofattributes．  

Weassumethatfbranytwotokens，theirassociatedat－  
tributesetsaredi可oint．Tokensforthejournalin丘g．2  
are，forexample，  

token attributes   

Vれd （拘J，肋，加呵   

J上古批 （Joumdけi狼〉   

〃αme（βdiforな〃αme，ββなハねme）  
Addreββ 岬djわr与Ad加5ざ，且βなAddregg）   

A山九卯（Au銑or）   

A相加 （P叩e）   

〟eαdl（〟eαdl）   

ガeαd2 †〟eαd2）   

ガeαd3 （〃eαd3）．   

AfterthesegmentationandtheclassiGcationprocesses，  
CharactercodesofeachsegmentsareextractedbyOCR  
andthestringsareassociatedtoeachtokena占itsvalue．  
Somesegmentsa・refurtherdividedbydelimiterssuchaLS  
COmmaS，COlonsandsoon．   

Aftertheseprocesses，theoutputdataisarecursive  
matrixthatconsistsoftokens・Thematrixfbrng・2is  
Shownin負g．3．   

3 RtTI－E DESCRIPTION   

Forthelogicalstructureconstruction，theb1lowlng  
functionsarerequired：   

●COnStruCtingadatabaLSetuplethatconsistsofseg－  
ments，  

●identifyingtheclaLSSOftokens．  

InordertorealizethesefunctionsIWeuSeakindofreg－  
ularexpressionthatrepresentsthelayoutofsegments・  
Theexpressionisconstructed fromtheschematreeof  
the nested relation throughthe fbllowlngfouropera－  
tions．  

Figure2：SegementsofaContent  
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Permutation Forthedataba5etupleconstruction，the  
rulekeepsthestructureoftheschemaasmuchaspossi－  
ble．Ontheotherhand，forthecompletedaLSSiRcation，  
theparserneedssomeinfbrmationabouttheplanarre－  
1ationshipofsegments．Forexample，inthecontentof  
fig・2，Vol，NoandDateareclassifiedtothesameclass  
Vnd．In order to classifythese segments completely，  
theparserneedtheinformationthatthesesegmentsare  
horizontal1ylocatedintheorderofVbl，No，Date・   

Weassumethatcontentshavemulti－COl11mrLlayouts  
whichhaBtllereCurSivestructurelikethematrixofGg．3．  
Wemakeanorderofcomponentinthetop－1efttobottom－  
rightdirectiom，thatis，   

for（nl，ml）componentCland（n2，m2）componentC2  
0famatrix，if（几1＝几2∧ml＜m2）∨（ml＝m2∧れ1＜m2）  
holds，thenClislocatedbeforeC2intheorder．（l）   

Weregardtheschematreeasorderedtreeinwhichthe  
childnodesofeachinternalnodeareorderedinthetop－  
to－bottomdirection．TheorderinginformationisglVen  
totheschematreebypermutingthenodes・  

PlanarRelation Ambiguityoftenoccurswllenanin－  
ternalnodesofschematreeis matchedwith an－by－m  

matrix（n，m≠1）・Inordertoreducetheambiguity，We  
assignthevertical／horizontalrelationshiptotheinternal  
nodesofschematree．Fourkindsoflabelsareattached  

to theinternalnodes．Labelh and v meansthat seg－  
ments ofits child nodes arelocatedin horizontaland  
verticaldirection respectively．Labelh’and v’means  
thatitschild nodeis repeatedlylocatedin horizontal  
andverticaldirectionrespectively・  

AdditionalNodes Asdescribedinthecla5Si負cation，  

thecontentshavemoredatathanrequiredbydatabase・  
Thesedataarevery11SefulintheanalysISOfthecontents・  
Forexample，iftheheader山EditorialBoard”doesnot  
existinRg．2，itisdifnculttoseparatethedataforeditors  
andeditorialboards．WeaddsomenodescorrespondiTLg  
tothesesegmentstotheschematree・  

Space SegmentInJOurnalcontents，datais some－  
timesrepresentedinatable－1ikeformatlikeeditors，ed－  
itorialboardsandarticleso‖隠2．Inthetableformat，  
nu11componentsareverylmpOrtant tOeXtraCtloglCal  
components・Forexample）ifwedoesnotconsiderthe  
nullcomponentsofarticlesinfig．3，itisdimculttoas－  
sociatea11thorswitharticlesinthetable．Thereforewe  

add thenullcomponentinformation totheleafofthe  
SChematree．TheruleEbrthejournalof允g．1isshown  
in負g4．   

NotethatifwelgnOrethelabelsoftheinternalnode，  
this rule can be transformedinto the normalregular  
expression，by unfoldingitin the depth－6rst，tOp－tO－  
bottomdirection．Forexampletheru1eo用g．4istrans－  
ゎーmed to  

ガeαd】（〃肌eAdd柁βざ）■ガeαd2（〃αmeAddγe朗）－  

ノー抽Vndγ乃dyれdガeαd3（A山鳩併■劇fJeP叩げ■ （2）  

Figure4：ARule  

4 Parser   

Theparserfirstunfoldsal1l－by－nandm－by－1matri－  

ces（vectors）accordingtothecondition（1）・Forexample  
thematrixoffig．3isunfo1dedtobe   

∬ed1月difoγ∬eαd2β月J土用e V几dVTldVれd〃eαd3ATわcJe  

Where Editor，EB and Articte standfor matrices fbr  
editors，editorialboardsandarticlesrespectively．Ifthe  
matrix does notinclude non－VeCtOr matrix，the string  

oftokensareobtained．InthiscaLSe，thestringcan be  
analyzedbytheregulargrammar（2）．Ingeneral，thede－  
riveddataconsistsoftokenstringsandmatricies．For  
thepartoftokenstring，theparseranalyzesitastheor－  
dinalregularexpressionparser．Forthematrixpart，the  
parserbeginstoanalyzewiththe（1，1）component・In  
thisparslng，ifthematrixisanalyzedwiththeKleenean  
closurepa．rtoftherule，ittakesmuchtimeforanalysis・  
Hereafterweshowthee爪cientparslngfbrthiscase．   

ForamatchingofasubtreeTandasimplen－by－m  
matriⅩM，Wefirstconsiderthewaytodecomposethe  
Mvertical1y（horizontal1y）・Inthefollowingdiscussion，  

weassumetheroot ofTislabeledwith h．withoutloss  

ofgenerality．In this case，the matriⅩis decomposed  
Vertical1y．Let considerthepattern oftheArst rowof  
thematriⅩ．The pa，tternis obtained bythe bllowlng  
procedure．   

297  



lationship betweentheclassiGcationaccuracyandthe  
ambiguity．Inthesyntacticalapproach，theerrorcor－  
rectinglSanimportantproblem．Documentprocesslng  
requiresnumerical－Valuebasedanalysiswheretheerror  
isunavoidable・TherefbretheerrorcorrectingabilitylS  
especial1yimportantin thedocument processlng．We  
arenowtryingtoextendtheerrorcorrectingtechnique  
Oftheregularexpressionparser．  

ProcedlⅣe鮎st（r）   

begin  
ir7’i＄1eafthen  

returnlabel（r）；   

ifthelabelofrschildishthen  
β：＝亡  

forallgrandchildnodeNofTdo  
β：＝β五指t（Ⅳ）；  

returnβ；  

else  

returnfirst（1eftmostgrandchildofT）；  
endir   

end  
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Inthisprocedure，1abel（N）standsforthetokenassigned  
tothenodeN．Thisprocedureisea5ilygeneralizedto  
generatethepatternforn－throw．Theparsercal1sthis  

proceduretogettheregularexpressionforthek－throw．  

Ifitgetstheregularexpressionthatarenotambiguous，  
thenappliesittothecorrespondingrowsofthematrix  
anddecomposeit．Forexample，1etconsiderthematch－  

1ngOfthesubtreecorrespondingtothearticlesinRg．4  
andthematrixcorrespondingtothesaLmepartinfig・3・  
Inthiscase，Sincetherootofthesubtreeislabeledwith  

V’，thematrixisdecomposed horizontal1y．Theregu－  
1arexpressionfbrthefirstcolumnis（Aulhor’）’・Since  

thisisambiguous，theparserobtainstheregularexpres－  
Sionofthesecondcolumn．Theexpressionofthenext  
COlumnis（＾titLesp’）’．Sincethisexpressionisnotam－  

biguous，thepa．rseranalyzethesecondcolumn ofthe  
matrixwith thisregularexpression．The resultisthe  
fo1lowlngthreematrices．  

：：；：∃（  

Arfi亡Je  

AT‘icJe   ニー二、‥√き  
Al止九or ．4γticJe  

A山九卯  

A山九卯   

IfthereisaninternalnodeinthegrandchildrenofT，  
theparserapplythesameproceduretothedecomposed  
Submatriciesrecursively．Inthisexample，thefirstcol－  

umnmatcheswith＾ulhw．．Secondandthirdrowsalso  

matchwith＾titLeandPa9ereSpeCtively．Thusthema－  

trixofarticlesmatcheswiththesubregularexpression  
（山王ん〆Afi抽P叩e）●．  

5 CONCI－USION   

Thispaperdiscussesthemethodtoextractthelog－  
icalstructureofjournalcontentsfromitsimagedata．  
ThismethodisunlqueinpresentingthemannerOfru1e  
COnStruCtionfromdatabaseschemasystematical1y・   

Currentlywehavebeenimplementingeadlfunction  
OfourdocumentprocesslngSyStem・Theaccuracyand  
theperformanceofourmethodswi11bereportednear  
future・Forthedatabaseconstruction，Weneedtoavoid  
makingambi即OuSrules・Wehavenotfu11ystudiedon  
theambiguityofourextendedregularexpressiomyet・  
TheambiguitydeeplydependsontheaJ＝CuraCyOfthe  
Cla5SiRcation process・Wearenowdiscusslngthere－  
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