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1 Intro duction

Sketch-basedmodelingholdsthepromiseof making3D modeling
accessibleto a signi�cantly wider audiencethancurrentmodeling
tools.Wepresentamodelingsystemthatis capableof constructing
3D modelsof particularobjectclassesfrom 2D sketches.Thecore
of thesystemis a sketchrecognitionalgorithmthatseeksto match
thepointsandcurvesof a setof given2D templatesto thesketch.
The matchingprocessemploys an optimizationmetric basedon
curve featurevectors,andthe searchspaceof possiblecorrespon-
dencesis restrictedby encodingknowledgeaboutrelative locations
of object partsinto the 2D template. Oncea best-�t templateis
found, a 3D object is constructedusinga seriesof measurements
thatareextractedfrom thelabelled2D sketch.Weapplyoursketch-
recognitionandmodelingalgorithmsto sketchesof cupsandmugs,
airplanes,and�sh. Thesystemallows non-expertsto quickly cre-
ate3D modelsof speci�c objectclassesfrom sketchesor by tracing
overphotographs.

Previoussketch-basedmethodssuchasTeddy[Igarashiet al. 1999]
usea vocabulary of gesturalpenstrokesto incrementallydevelop
the shapeof the 3D object. In contrast,our sketch-basedsystem
worksdirectly from a drawing of the�nal object,at theexpenseof
requiringapriori domainknowledge.

2 Sketch Recognition

As a preprocess,eachpen stroke is split into segmentsat points
of local curvaturemaxima.A graphstructureis thencreatedfrom
thesestroke segments. Graphnodesareassignedto the startand
endof eachsegmentandnearbynodesaremerged. Graphedges
consistof thestrokesegments.

Object classesare representedas a hierarchy of part templates.
Thesetemplatesare also graphstructuresand their purposeis to
classifystroke segmentsin thesketchasspeci�c objectparts.The
systemsupportsa �e xible instantiationof thepart templates.Parts
maybedeemedasmandatoryor optional. A choose-one-of-Nop-
tion mayalsobespeci�ed.For example,acuptemplatecanspecify
thatit mayhaveanoptionalright handleandthatthesystemshould
choosebetweenaroundedhandleparttemplateandasquarehandle
template,dependingon which one�ts best.Theability to support
this type of informationmakesour recognitionapproachdifferent
from other shaperecognitionapproachesthat supportonly a �at
hierarchy, i.e.,givenN �x edtemplates,�nd thebest-�t template.

Sinceboththesketchandparttemplatesarerepresentedasgraphs,
theactualprocessof matchingthemis accomplishedusingasearch
over graphnodecorrespondences.A given nodecorrespondence
is scoredusinga curve-matchingmetric on the inducededgecor-
respondences.Oncestrokeshave beenclassi�ed andlabelledac-
cordingto thehierarchy of part templates,the recognitionprocess
is complete.To dealwith multipleobjectclasses,wematchagainst
eachclasstemplatein sequenceandretainthebestresult.

A new classof objectscanbe easilyaddedto the systemby de-
signingthehierarchy of parttemplatesanddevelopingaprocedural
meansof constructingthe3D shapefrom thelabelledsketch.
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3 3D Mo deling
3D geometryis constructedfor thesketchusinga varietyof tech-
niques.Theseincludescaledinstancingof parts,suchastheplane
engines,usingextrusions,for exampleto createa planewing, or
usingasurfaceof revolution to createacupbody.

Parametersthat can be extractedfrom a labelled sketch include
lengths,suchasfor a planewing, or the control pointsof a �tted
spline,suchasfor thecurve de�ning theshapeof a planefuselage
or cuphandle.

Figure1: Templates(in box) andsketchesof cups,planesand�sh,
shown togetherwith thesynthesized3D models.

4 Conclusion
We have presenteda systemthatsupportsquick-and-dirtycreation
of 3D modelsbasedupona sketchinginterface. Insteadof a ges-
tural interpretationof penstrokes,a template-basedsketchrecogni-
tion algorithmhasbeenproposedwhichtreatsstrokesasasparsely-
populatedimage and then drives the instantiationof a �e xibly-
parameterized3D model. Futurework will focus on improving
scalability and recognitionrobustnessby automaticallylearning
part templatedistributionsusing training data. Application areas
of our systemincludeuser-driven contentcreationfor gamesand
domain-speci�cmodelingprograms.
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