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umcIltStruCtureknowIc（lgeshouldhavesu爪cientgenerality  
andapplicability．OurgoalofalltOmaticallyacqu）r）ngdocu－  
mentstruCtureSistoidentifythestructuralcharacteristics，  

butnottoproducethecoordinatesofitem6elds［2】，［3】・  

Abstract  

ThispaperpresentsaknowIcdge－basedlayoutstrllCturereCOg－  
nitionsystcm．Thescopeofo11rSyStemistoidcntiけlogical  
structures from table－hrm doc11mentSwithout any prede一  
重nedlayoutknowledge・ThesystemhaBtWOmOdes：StruC，  
tureacquisitionandstructurerecognition・Tnthestructure  
acquisitionmode，thebinaTytree，aSCal1edthestructuredeT  
scriptiontree，Whichspeci丘estheloglCalstruCtureOftable－  
formdocuments，iscrcatedintelligently；andinthestruCture  
recognitionmode，individualitemblocksareextractedand  
classi6edsuccessfullybyinterpretingthestructuredescrlp－  
tiontree．Tnthispaper，thestructureacquisitionmethodis  
mainlydisc11SSed．Incomparisonwithmanytraditionalap，  
proachesbasedonthepreasslgnCdknowledge）OurappOraCh  
isveryapplicableandpowcrful・  

1 Introduction 

Manyresearcheshavereportedthatknowledge－baseddoc－  
umentstructurerecognitionmethodsareverysuccessfulto  
extract and class杓the meanlngfuldatafrom documents  
automatical1y．Todate，di爪汀entapprOaCheshavebeenproT  
posedforthiswork・lTowever，mOStOftheseapproachesare  
basedontheparadigmthatspeciAesthestructuredefinition  
databefbrehand from externalresources，uSually through  
applicationTSpeCiRc experts・In order to accomplish doc－  
ument understanding）n praCtice，itis necessary that the  
structurede負nitionwaysshouldbenotonlydoneinsimpler  
andsmarterformsbutalsothelayoutknowIcdgeshouldbe  
acq11iredintelligently by tlle SyStemitself・In tl－is paper，  
suchaknowledge－basedlayo11tStruCturereCOgnitionsystem  
isaddressed．Thescopeoro11rSyStemistoextractthelayout  
structureoftable－form documerLtS autOmatically and then  
generatealoglCalstr11CturefromtheextractcdlayoutstruC－  
tureinterpretativelysoas tobeabletoreuseit aslayout  
kl10Wledge．  

20utlineofapproach  

2．1Documentstructureoftable－fbrmdocuments  

＾s shownin Fig．1，table－form doc11mentS COnSist ofitem  
負elds enclosedwith verticaland horizontalline segments．  
The coordinates ofitem Gelds arellSefulilltable－bTm docT  
uments，stmcture recognition［1】．However，Since physical  
information ascoordinatesCanrLOteXpreSS thea・djacentre－  
1ationshipamongitem鮎1ds，itsapplicationisratherlimit－  
ted．Forexample，Fig．1（a）and（b）willbecoTISideredasthe  
samekindoftable，formdocuments，buttheyaredi鮎rentin  
termsoftheirgeometricpositions，areaSizesandsoon・The  
structurerecognitionmethodusingphysicalinformationcan  
only be applied tothosewhich havethe samefbrms and  
samestructures．Whendocumentpatternsareputinwith  
SOTebiasangles，SOmeeXpanded／reducedbrms，OrSOme  
var）anCeSOfitem重elds，thismethodisrLOtadaptable．Doc－  
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Fig・1Examplesoftable－formdocument・   

2．2Structurede＄Criptiontree［2】  

WeusethestruCture descriptjon tree to describe thelay－  
OutStruCtureOftable－Lbrm documentslog）Cally．Structure  
descriptioTltreeCOnSists ofglobalstruCturetree andlocal  
StruCt11retree，Whichde爪netheglobalandlocalcharacter－  
isticsoftable－fbrmdocuments，reSpeCtively．  

（1）GlobalStructureTree：Atable－brmdocumentconsists  
Ofseveralblocks，Whicharemeaningfulsetsofadjacentitem  
最elds．TheglobalstT11Cturetreedescribesblocksa，S StruC－  
turalunits：SOmeitem重eldcontroIsmorethanlotheritem  
Aeldslogical1y．Thenodecorrespondstoablock．Thenodes  
aredividedinto3nodetypesaccordingtotheexistenceand  
directionofarepeated struCture：Vertically repeated node  
（D）；horizontallyrepeatedr．ode（R）；andnon－rePeatednode  
（S）．Thebranchesdes（ribetheadjacentrelationshipamong  
blocks．Whenatable－foTmdocumentisscannedfromupper  
leftcorner，theleftandrightbrancheslinktheblockswhich  
areloca・tedrespectivelyatthelowerandrightsidesofthe  
Currentblock，aSShowninFig．2（a）．  

（2）LocalStruCt11reTree：Thelocalstructuretreesdescribe  
theinternalstructures ofblocks．The nodeindicates tha－t   
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item允eidsconnectedeitherhorizontallyorverticallywhen  
ablockisscannedfrom theupperleftcorner．Namely，the  
nodesaredividedintoverticalnodes（v），horizontalnodes  
（h）andterminalnodes（t）・Whentheparentnodeisaverti－  
Calnode，theupperandloweritem爪eldsforthectlttingline  
are connected to theleft and right branches，reSpeCtively．  
Whentheparentnodeisahorizontalnode，theleftandright  
itemReldsareconnectedtotheleftand riglltbranches，aS  
Shownin Fig．2（b）．Theitem Reld that⊂annOt befurther  
dividedis aterminalnode．  
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Fig．2StruCturedescriptiontree．   

2・3Automaticacquisitionoflayoutknowledge  
The acquisition process oflayout knowledgeis shown  
Fig．3．This processis majnly composed ofstruCture de－  
COmpOSition，StruCtureeXtraCtion and knowledgecomposi・  
tionphaLSeS・InthestruCturedecompositionphase，負rstthe  
horizontalandvertical1inesegmentsareextractedandthen  
itemReldsareidentiRedontheba＄isoftheselinesegments．  
Nextlitemneldscontainingprintedcharactersaregrouped  
intoname負eldsandotheritem重eldsaredata爺elds．Inthe  
StruCtllreeXtraCtion phase，thedependentand meaningful  
relationshipsamongthemareestablished，tlSinggeneralized  
COmpOSition nlles．Thegeneralizedcompositjonrlllesarea  
kindofmetaTknowledge，apPlicabletotheinterpretationof  
layoutstruCtureSbrmanyclassesoftable－fbrmdocuments．  
Final1y，inthephaseofknowledgecomposition，aCCOrdingto  
thein†brmationobtainedfrompreviousphasesglobalstruC－  
tureandlocalstruCtllretreeSareprOduced．  

3Dependentrelationshipamongitem   

負elds  

Therearedependentrelationshipsbetween■name6eldsand  
data負elds．Wede爺nethatadata．負eld“a”isdependenton  
aname爺eld“A”if“A”and“a’’haveadependentrelation－  
ship．Thedependentrelationshipisdividedinto4classes，aS  
shownin Fig．4：Singlehorizontaldependency，SlnglevertiT  
caldependency，multiplehorizontaldependencyandmulti－  
pleverticaldependency．Therelationshipisasslgnedtothe  
mutualitem汽eldsbythearrow．   
The struCture fragmentis de汽ned Lbr dependentitem  
6elds．Fig．5show＄SOmeeXamplesofstruCt11refragments・  
（h）and（i）showhierarchical－fbrmtypes・（j）isanarray－form  
typeand（k）showsastruCturefragmentofslnglenameGeld・  
Thesestructurefragmentscanbeexplainedusing4depcn－  
dentrelationships．Fbrexample，inthearray－fbrmtype（j），  
tlle data fklds仙d．bM and仏e．bn or仏d．cn and L’e．cn are ver－  

ticallydenpendentonthename負eld Bor C，reSpeCtively；  
and data爺elds山d．b，，and ud．c，，or ue．b，，and山e．cM are hori－  

ZOntallydependentonthenameReld Dor E，reSpeCtively．  
Andalso，name允elds“B．C”or“D．E’，are horizontally or  
VerticallydependentonthenameReldJ4．InsllChway，item  
允eldsareconstructiveelementsofstr11Cturefragment＄．The  

Fig．3Processlng且ow・  

StruCt11refragmentscontructblockswiththemeaninghllcor－  
respondeceand adjacentblocksalsocomposeatable－Lbrm  
doc11ment aS Whole．   
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Fig・4Dependencyrelationships・  
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Fig．5Structuref一礼gments・   

4Structuredecomposition  

Thestructuredecomposition pha5eincludes3procedures：  
（1）extraction ofline segments；（2）identi蕎cation ofitem  
6elds；and（3）classi爪cation ofitem鮎Ids．We used the  
boundarydistributionrecursivealgorithm【5］toextractline  
SegmentS・Areasenclosedbylinesegmentsarelookedupon  
asitem爺elds．Theinfbrmation attended toitem負eldsin＿  
Cludesmainlyaneld class，COOrdinatevaluesoftheupper  
leftandlowerrightcorners，etC．Theseinfbrmationareuse－  
hllinordertoidentifyindividualdocumentcomponentsand  
generatethestruCturedescriptiontree．Fig．6showsadistin－   
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