
〝tM921APRWorkshoponMachineVisionApprications Dec．7－9，1992．Tokyo   

StructureRecognitionofTable一formDocllmentSOnthcBasisof  

theAutomaticAcquisitionofLayoutKnowIcdge  
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SchoolofEngineerlng，NagoyaUnivcrsity  

Furo－Cho，ChiktlSa－ku，Nagoya46・1－01，Japan  

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．  

treelr8n書I轟tloll  

（轟）  

巨∃品虹】品［］○  
▼ertte8Inode  horlIOnt一】node  tertln8】node  

（b）  

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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guishedresultfbrthetable－fbrmdocumentshowninFig・1  
（a）．Theblackandwhiteblocksareidenti鮎dasname鮎1ds  
anddata重elds，reSpeCtively．  

（b－3）IFdata鮎1dsdir（1＜＝i＜＝m）or上桝町・‥，d呵  

are81ngle－horizontal－dependentoniL，  
IF m＝1  

THENstruCturefragmentsinLibelongtotype（a）・  

IF m＞1  

TfIENstruCturefragmentsinLibelongtotype（c）・   

Theru1eofdataRelddi＝beingslngle－Verticalーdependent  
toticanbesimi1arlyusedtorecognizetypes（b）and（d）・  
The array－formtype（j）haBarepeatingpropertyin two－  
dimensionaldirections at once．  

（b－4）IFFiand乃belongtotypes（c）and（d），  
anddat．afieldofFiisdata爪eldorF7at・OnCe，  
andvicever8a，  

THENcombineFiandEjtoreconstructanewtypeof  
struCturefragmentortype（j）・   

（3）ClassincationofStruCtureFragmentswithHierarchical  
Property  

BymultipleThorizontal－dependencyandmultiple－Vertical－  
dependency，WeCan reCOgnlZe thestruCturefragmentsof  
types（g），（h）and（i）・  

（b－5）IFFibelongstotype（b）andit’8namefieldis  

mtl）tiple－horizontal－dependentontl，  
T77ENcombineけand Fitoreconstructanew  

BtruCturefragmentoftype（g）．  
（b，6）IFFibelongstotype（c）andit’snameGeldis  

multiple－horizontal－dependentonij，  

THENcombineijand Fitoreconstructanew  
8truCturefragmentortype（h）・   

Obviously，type（i）canberecognizedusingtherulesim－  
ilartotheru1e（b－6）・Applyingtheaboverules，item負elds  
whichhavenotbeencombinedtosomestrllCtllrefragment  
areorganizedasstruCturefragmentsoftypes（e）and（f）・  

（b－7）IFdり，…，d血8redata鮎1ds，ぬナノi＄  

directlylinkedtodir（1＜＝＜m）fromlowerside，  
anddil，‥・，dimaremultiple－horizontal－dependentonii，  

THENcombineita8aneWStruCturefragment  
∫鞠山，‥リJimルithtype（e）・   

A simi1arru1eis usefultorecognize type（f）・Allthe  
item鮎1dswhichcannotberecognizedusirLgaboverulesare  
de負nedastype（k）．  

5．3Construction ofblocks  

SomelinkedstruCture fragments have meaningfulconnec－  
tion．Thefbllowingrulestransformblocksoftypes（c）and  
（h）intoanewblock：   

（c－1）IF rragmentexists，  
THEN∫icanconstructablockβ岬り．  

（c－2）IFf■iand勒J印，‥・ノexist，  
爪andf〃belongtotype（c）or（h），  
andfjJisdirectlylinkedtoFiatlowerside  

THEN帥J，…ノbecomesβ肝i，理，…ノarter  
COmbiningf■i．  

（c－3）IFf■iand功ト，乃nノexist，  

ダiandfンnbelongtotype（c）oT（h），  
andFLi8directlylinkedtofjnatlowerside  

TfIEN堀‥，FjnIbecomes堀‥，Fjn，FUafter  
COmbining爪．  

Simi1a－rrulesaretlSefulintheprocessofcombiningstruc－  
turefragmentsoftypes（d）and（i）ortypes（b）and（g）・  

Fig・6Dcscriminationofitemareas・  

5 Structure extraction 

Thestructureextractionphaseissuchaprocesswhichrecog－  
nizesthestruCturefragmentsandblocksaccordingtotheir  
depententrelationships・Thegeneralizedcompositionrules  
areapplicabletointerpretresultsinthestructuredecompo－  
sition phase．Thegeneralized composition rulesaremeta－  
knowledgeabotLtlayoutstruCtureSOftable－fbrmdocuments・  
Weusetheproductionruletodescribethem・Inorderto  
obtajnhighprocesslnge爪ciency，theseproductionrulesare  
COntrOlledin3groups．  

5．1Determinationofdependentrelationship  

Thefollowlngru1esareappliedtodeterminethedependent  
relationshipsamongitem6elds．ThesymboIsdiand4jin－  
dicatedataRelds，and tjrepresentsanameAeld・  

（a－1）IF diislocatedatrightsideofむdirectly，  
THENdiisslngle－horizonta）－dependenttoij；  

（a－2）IF diislocatedatrightsideof4jdirect］y，  

TIIEN diisslngle－horizontal－dependentto47・   

Similarrulescanbeusedtodeterminethevertical1yde－  
pendentrelationship・  

5．2ClassiGcationofstructurefragments  

Item fields are combined meaningfully as some structure 
fragments・Because of difrbrent dependent relatjonships，  
structurefragmentsare dividedintollclasses，aSShown  
inFig．5．   

（1）CombinationofStructureFragments  
Weintroduce theitemlist L肋，4jl，…，可†lL whichde－  
scribes agroup oflinkeditem鮎Ids・Thcy are mutually  
linkedinthehorizontalorverticaldirection，a．nddata爪elds  
4i），‥リ4in have the same horizontal（or vertical）depen－  
dency．Thefo1lowlngrulesshowthecompositionmethodof  
StTuCturefragments：  

（b－1）IF  力付，みJ，…，かノexists，  
THENitemlistfbrmsa＄truCturefragmentFj匹j］．  

（b－2）IFエiand丹笹什…，エメれノexist，  

lFLj］i＄directlylinkedtoLifromrightorlowerside，  
THEN榊JJ，‥り上れJbecomes仰i，エ〃，…，む可・  
IFLiisdirectlylinkedtoLjnfromrightorlowerside，  
THEN榊メん…，上J¶ノbecomes肋J‥‥，上れ叫・  

（2）Classi航cationofStrtlCtureFragmentswithRepeating  
PropeTty  

Ifa・StruCturefragment consistsofanitemlist whichhas  
SeVeraldata負elds，itisdetermined as repeatingstruCt11re・  
5types（a）一（d）and（j）inFig・5aredistinguishedusingthe  
b1lowlngrules．  
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thetable－fbrmdocumentinFig・9bymeansofthestructure  
descriptiontreegeneratedautomatical1yfromthetable－fbrm  
documentinFig．1（a）．ByMlingthetable・brmdocumentin  
Fig・1（b）withsomeitemdata，WegetFig．9．Thetable－form  
documentsinFig・1（a）and（b）havethesamelayo11tCOnCep－  
tuallyalthoughtherearelotsofchangesfortheGeldsizes  

andadjacerLtrelationshipsamongitemGelds．Theresultis  
ShowninFig・10・InFig・10，theRrstcolumncontainsprac－  
ticaldata鮎1ds，andthesecondandthirdcolumnsarethe  
COrreSpOndingname鮎1dswhichhavevertica，1andhorizon－  

taldependency）reSpeCtively・  

6Constructionofstructuredescription   

tree   

The characteristics and connective relationships of items 
6eldsIStruCturefragmentsand blocks，havebeenalready  
recognizedinthestructuredecompositionandstructureex－  

tractionphases・Theyare允nal1yexpressedasastruCture  

descriptiontreesoastobeapplicabletostruCturereCOgnl－  
tionoftable－formdocuments・Wedescribethealgorithmof  

COnStruCtingstructuredescriptiontreesbrieny・   
FirstItheglobalstructuretreejscomposed・Thenode  

OfaglobalstruCturetreeCOrreSpOndstotheblock，Whose  
branche8COrreSpOndtothesiblingsofotherblocks．This  
COmpOSitionisdonerecursively．This£rststepisto£ndthe  

mostupperleftcornerofblock・Ifithasvertical－repeating  

property・thenodeDisassigned・Ifithashorjzontal－repeating  

property，thenodeRisso．Otherwise，thenodeS doso．  
Next，theright－hattdsideblockfbrthecurrentoneisdeter－  
minedastherightchildnode，andalsothebllttOmSideblock  
doesastheleftchildnode・Theconnectednodeisrepeatedly  
Checkedbytheaboveproceduretlntilal1blocksarebuiltas  

nodes・Fig．7（a）showstheglobalstruCturetreederivedfrom  
Fig・1（a），and Fig・7（b）expressesthecorrcspondingglobal  
1ayolltStruCture．   

Thedetai1structureofeveryblockisexpressedbyalocal  
StruCttlre tree．The nodeofthelocalstruCture tree COrreT  
SpOnds toanitem鮎Idorastructurefragment，and the  
branchcorrespondstotheconnectiverelationshipbetween  
item鮎Ids and structurefragments・When themostleft  

itemReldorstruCturefragmenthashorizontal1ydependent  
relationshipwiththeremainlngpartS，thenode＝h，，jsas－  

Signedtoit・Thatis，theitemReldorstruCturefragmentat  
theleftsidecorrespondstoaleftchildofnode“h”，andthat  
attherightsidecorrespondstoarightchild．Simi1arly，nOde  
以v††isu＄edtolinkitemfieldsand＄truCturefragmentswith  
VeTticaldeperLdency・Thisprocedureisexecutedrecursively  
untilal1terminalnodesreachedtoitem6elds・Especial1y，fbr  
repeatedstructurefragments，Onlyitemneldslocatedatthe  

RrstroworcolumnarerecordedjnthelocalstruCturetree．  
Theindicatorandnumberofrepetitionwi11beprovidedto  
thecorrespondingnodesintheglobaJstruCturetree．Fig．8  
ShowsthelocalstruCturetree†COrreSpOndingtotheblockl  
labeledinFig・7（a）．  
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Fig．9AtlSedtable－fbrmdocl）mCnt．  

Fig．10Identi爪edandextractedjtemarcas．  

8 Conclusion 

Thispaperpresentedastructurerecognitionmethodoftable－  

formdocumentsonthebasisoftheautomaticacquisitionof  
layoutknowledge・Ourmethodisveryintelligentbecause  
thelayoutknowledgemustnotbespeci鮎dinadvance．We  
recommend to refbr to our paper［2】with respect to the  
StruCturereCOgnitiontechniq11e，ifnecessary．  
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7Recognitionexperiment  

Ourexperimentalsystcmis5mplementedonSun4／Sparc  
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