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Abstract   

Thepaperpresentsasystem，Whichenablestheconver－  
sionofpaper－ba8edtechnicaldrawlngSintoaformatsuit－  
able for CAD systems．The systemisbased on acom－  
mercialavailable scanntn9and vectorizationunit．Since  
thevectorizationresultsarefarfrombeingperfect，aPO8t－  
processin9COmpOnenttOremedy80meOftheweal（pOints  
havebeencreated．TheimproYedvectorizationresultsper－  
mitaknowted9e－ba8edinteT7）7Ylationofthedrawingcon－  
tentalongwitherrordetectionanddrawingredesign・  
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1Introduction   

Paper－ba烏edtechnicaldrawingsconstituteagreatpoten－  
tialofknow－howinmanycompanies．Nowadays，thepro－  
cess ofconstruction and documentation ofa productis  
basedonCAD systemsandisnolongerpaper－baBed．A  
gap exists between the old（paper－based）and the new  
computer－ba8edinfbrmation．Many paper－based draw－  
1ngSCOuldbereused，ifthatinformationwereaccessible  
tothesystem．Providingthisinformationbothtodocu－  
mentationandCADsystemswouldguaranteeeonsistency  
between the dat．a used払r documentation and constmc－  

1ion．Convertingdrawingin払rmationonpaperintoacom－  
puterreadablefbrmcanbeachievedalreadybycommercial  
vectorizationsystems．Theresultinggraphicalprlmitives  
（polylines，CirculararCSandcircles，etC・），however，arenOt  
satisfyingandadditionalpostprocesslnglSneCeSSaryWhen  
knowledge－basedinterpretationshouldrunsuccessfully・  

2 Vector data postprocessing 

Recognitionofgraphicalprimitivesbytheunderlyingcom－  
mercialsystemisnot8ufBcientlyrobust・Theseinadequate  
resultslead to problemsd11ringfurtherknowledge－based  
interpretation．Therefbre，pOStprOCeSSlngaimstoimprove  

therecognitionresultsrelatingtographicalprimitiYeS，tO  
recognlZe COmpOSitegraphicalprlmitives and to prepare  
thevectordatahrfurtherdrawinginterpretation（SeeFig．  
1forasummaryofthetasks）．Thestepsofsection2．1up  
tosection2．4aredescribedinmoredetailin［Glo92】．  

Figurel：Stepsofpostprocessing・   

2．1Detection ofsimple geometricalrelations  
betweenlines   

Somefぬturesoft．helinestruCtureSareneededforfurther  

drawinginterpretation，e．g．branch points，Verticesand  
cLo8edconlours．Branchpointsareimportantfbaturesofa  
drawlngbecausetheyshowcertainrelationsbetweendraw－  
1ngelements．Theproblemofbranchpointdetectioncan  
bereducedtotheproblemofdetermlnlngtheintersection  
pointoftwolines．Detectionofvertices，aSpOintsofhigh  
curvature，andacorrespondingdecompositionofpolylines  
i8Carriedout，．Achordisdrawnbetweentwopointsofa  
glVenpOlyline．Theideaoftheproposedmethodistocom－  
paretheorientationofal1chords．Avertexoccursatthe  
pointwherealocalmaximaldivergenceoftheorientation  
canbedetected．Asaru1et．heclosedcontour8inadrawlng  
aret．ransfbrmedintoadifferentsetoflines andfi11edareaB  

bythevectorization．Detectionofclosedcontourswithin  
gIVenCl11mpSOfdiLrerentgraphicalprlmitivesiscrucialfor：  

一eXaCtdeterminationofthegeometricalshapeofele－  
ments（polygon，Circle）；   

－reCOgnitionofactual1ypresentcontoursinadrawing   
（especial1yhatchedregions）；   

－Significantreductionintheamountofdata・   
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Thescarchhrclosedcont．oursisbasedonthedetection  

Oftheneighbourhoodofelements．Neighbourhoodisdeter－  
minedbythespatialproximityofelementpoints．Aclosed  
COntOurCanCOnSistofdi鮎rentelementssucha8Straight  

lines，arCSand／orfi11edareas．Theseelementscanhave  
Variousshape8andlinethickness．Forexample，aClosed  
COntOurhrahatchedregioncanbeacombinationofthick  

Straightlinesandthinh・eehandlines．   

2・2 Correctionofthemetricaldescription  

Thedescriptionofan arrowheadpositionisoftenmetri－  

Callyinexact，e．g．thetipofanarrowheaddoesnottouch  
thes11bsidiarylineortheorientationofanarrowisincor－  

rect．Theselackshavetobecorrected．   

Asmal1fi11edareaisanoiseetementwhichdoesnotbe＿  

longtoadrawingbutappearSaSaSequenCeOfbinarization  
andthinnlngOfara8terimage．Usual1yiti＄genera．tedat  
locationsintherasterimagewithextremethickeningsof  
lines（e・g・byintersectionwithanOtherline）or中angeSOf  
homogeneity．The8izeofanoiseareaisconsideredtobe  

thesizeofthecirc11mSCribingrectangle．   

2.3 Correctionofthe geometrical shape 

Insomecases，insteadofacircteasetofcirculararcswas  

detectedornocircularityatal1couldbedetermined．There  
aretwoapproachesfbrthedet．ectionofcirclesandcircular  

arCS：  

－reCOgnitionofaglVenSetOfcirculararcsaBaCircleor  

acirculararc；   

－reCOgnitionofapolygonorpolylineasacircleorcir－  
Culararc【Jan叩．   

2.4 Detection ofgraphical primitives 

InthecurrentstateofpostprocesslngOnlytherecognition  
Ofa7TOWSi＄implemented・Arrowsnotrecognizedaretrans－  
hrmedmostlyintofi11edareasandthinlines・Arecog－  
nitionofarrows duringpostprocesslnglS pOSSibleifthe  
ShapeoftheRlledareacanbeapproximatedbyatriangle  
OratrapeZiumandathincontinuationlineexistsinclose  

proximitytothewidesideofthearrOWhead．Thestatis－  

ticsaboutthesizesofdetectedarrOWSinthevectordata  

isconsideredduringthepostprocesslngreCOgnition．   

2・5 Recognitionofcompositegraphicalprlm－  
itives   

Perfbrmlngthis ta占kincludes therecognitionofda8hed，  
dash－dottedlines and hafched re9ions．Dashedlines are  

usedtorepresentsymmetricalaxes，hiddenlinesorcut－  

planes・OurapproachallowstheprocesslngOflineswith  
Variousgeometricalshapes・Moreover，theexactgeomet－  
ricalshapeofrecognizeddashedanddash－dottedlinesis  
determined・Tbreducethecomputationalcostsagroupof  
Candidatesisselected丘omthegraphicalprimitives．These  
Candidatesrepresentthepossibleconstituentelementsof  

theda5hedline・Allsubsequentstepsarelimitedbythe  
groupofcandidate8Selected．Thegroupisbrokendown  
into appropriate＄ubgroups．Every subgroup－ifit ha占  

morethanthreecandidates－COrreSpOndstoadashedline  

OraSegmentOfada8hedline・Theproce8SOfcreating  
asubgroupstartswiththeRrstelementamOngthecan－  

didates・AcontinuationreglOnforanelementisdefined．  

AllremainlngCandidatesareCheckedwhetheranyofthem  

intersectsthecontinuationreglOn．Theadditionalcla88i貝・  

CationofidentifiedMdaBhedlines†，canimproYethere8ult8  

0ftherecognitionprocess・Hatchedregions－repre8enting  
Cut－planes－areuSedextensivelyintechnicaldrawing8・  

Thesetofnlines（n≫2）buildsahatch－Setiftheline8  

areparallelandequidistant・Iftheinner－partOfareglOni8  

fi11edbyahatch－Set，thereglOniscalledahatchedregion．  
Thehatch－SetCanbebrokenbyinnerhole8・Recognition  
Ofhatchedregionsentai18fourmainproblem8：   

－detectionofal1paral1el，eq11idistantandthin8traight   
lines；   

－thedetectionofal1candidatesforthehatch－Set；   

－locationoftheboundaryofthehatchedregion（in－  
Cludingtheboundaryofal1innerhole8）；   

－detectionofholesinahatchedregion・   

3 Thearchitectureoftheinterpreta－   

tion system 

The drawinginterpretationsystemi8baBedon ablack・  

boardarchitecture【Eng88】，【Gal188】．Inblackboard8y8－  

temstheinfbrenceenglneandknowledgeba8eareOrga－  

nizedin terms ofspecialized proce∬1ng mOdule8Called  

knowLedgeso肌eS・Theseknowledgesource80peratelike  

n8mal1expert systemsM，Which are responsible fbr the  

Changesinacommonworkingmemorycalled btackboa7Yl．  

Eachknowledgesourceusesitsownmethodsfordrawing  

in良rences丘omin払rmationontheblackboardandforin＿  

Sertingnewinhrmationintotheblackboard．  

［：：：：：：：コ【叫  －－－－－－－叫・   －－－叫  
Figure2：Decompositionhierarchyofgenericobject8丘om  
thedomainoraxles．  

Achangeontheblackboardcausedbyinserting，mOdi－  
fyingordeletinganobjectreleasesa8ignaltotheknowl－  
edgesourcescalledevent・Eventscarryinfbrmationabout  
thetypeofthea鮎ctedobjectsandthetypeofmanipu－  
1ation．EachknowledgesourceholdsactiYationconditions  
thatcontainalistofeventsonwhichtheyreactandalistof  
COnditionsthatmustbefu1危11edbytheobjectthatcauses  
theevent・Ifanewcventoccurs†eaChknowledgesource   
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