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Abstract

Sketch recognitionsystemsare currentlybeing devel-
opedfor many domains,but canbetime consumingto
build if they are to handlethe intricaciesof eachdo-
main.This paperpresentsthe �rst translatorthat takes
symbolic shapedescriptions(written in the LADDER
sketch language)and automatically transformsthem
into shaperecognizers,editing recognizers,andshape
exhibitors for usein conjunctionwith a domaininde-
pendentsketchrecognitionsystem.This transformation
allows us to build a singledomainindependentrecog-
nition systemthat canbe customizedfor multiple do-
mains.We have testedour framework by writing sev-
eral domain descriptionsand automaticallycreateda
domainspeci�c sketchrecognitionsystemfor eachdo-
main.

Intr oduction
As pen-basedinput devices have becomemore common,
sketch recognitionsystemsare being developedfor many
domainssuchasmechanicalengineering(Alvarado2000),
UML classdiagrams(Hammond& Davis 2002),webpage
design(Lin et al. 2000), architecture(Gross,Zimring, &
Do 1994), GUI design (Caetanoet al. 2002a; Lecolinet
1998),virtual reality (Do 2001),stick �gures (Mahoney &
Fromherz2002),courseof actiondiagrams(Pittmanet al.
1996),andmany others.Thesesystemsallow usersto sketch
a design,which is a morenaturallyinteractionthana tradi-
tional mouseandpalettetool (Hseet al. 1999).But sketch
recognitionsystemscanbequitetimeconsumingto build if
they areto handletheintricaciesof eachdomain.

We proposethat ratherthanbuild a separaterecognition
systemfor eachdomain,we insteadbuild a singledomain
independentrecognitionsystemthat canbe customizedfor
eachdomain.To build asketchrecognitionsystemfor anew
domain,thedeveloperwould needonly write a domainde-
scription,describinghow shapesaredrawn, displayedand
edited.This descriptionwould thenbe transformedfor use
in thedomainindependentsystem.Theinspirationfor such
a framework stemsfrom work in speechrecognition,which
has beenusing this approachwith somesuccess(Zue &
Glass2000).
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In our work, we transforma grammarinto a domainrec-
ognizerof hand-drawn shapes.This is analogousto work
doneon compiler compilers,in particularvisual language
compilercompilers(Costagliolaet al. 1995).A visual lan-
guagecompilercompilerallows a userto specifya gram-
marfor avisuallanguage,thencompilesit into a recognizer
which canindicatewhethera arrangementof iconsis syn-
tacticallyvalid. Themaindifferencebetweenthis work and
oursis that1) ourshandleshand-drawn imagesand2) their
primitivesarethe iconic shapesin thedomainwhereasour
primitivesaregeometric.

In thispaperwepresentthe�rst translatorthattakessym-
bolic descriptionsof how shapesaredrawn, displayed,and
editedin a domainandautomaticallytransformstheminto
shaperecognizers,editingrecognizers,andshapeexhibitors
for usein a domainindependentsketchrecognitionsystem.
To succeedin ourgoal,we havecreated1) LADDER(Ham-
mond& Davis 2003),a symbolic languagefor describing
how shapesaredrawn, displayed,andeditedin a domain,
2) a translatorasdescribedabove, and3) a simpledomain
independentrecognitionsystemthat usesthe newly trans-
lated componentsto recognize,display, and allow editing
of thedomainshapes.Theimplementationof this translator
anddomainindependentsketchrecognitionsystemservesto
show boththatsucha framework is feasibleandthatLAD-
DERis anacceptablelanguagefor describingdomaininfor-
mation.

The domain independentrecognitionsystemand trans-
former describedhere were designedto test whetherwe
could in fact transform symbolic descriptionsof a do-
main into active recognizersusableby a domainindepen-
dent recognitionsystem.Other work in our group is pur-
suing a more ambitiousapproachto both building a do-
main independentrecognitionsystemandstudyingthepro-
cessof transformingdescriptionsinto recognizers.Never-
theless,thework reportedheredoesillustratetheplausibility
of transformingdescriptionsinto recognizers.

We have chosena symbolicsketchinglanguagebasedon
how shapeslook rather than on featuressuchas drawing
speed,sizeof theboundingbox,etc.,(asin systemslike(Ru-
bine1991;Long 2001)).We did this to ensurethatsymbols
would be recognizedif they looked the same,even if they
weren't drawn in thesameway (e.g.,with a differentnum-
ber of strokes),allowing usersto draw the shapesas they



would naturally. A high-level symbolic languagebasedon
shapeofferstheaddedadvantagein beingeasierto readand
understand,facilitating identi�cation and correctionof er-
rors in the descriptionsuchasautomaticallycheckingif a
shapeis impossiblyconstrained(which would be dif�cult
in a low-level languagessuchas (Jacob,Deligiannidis,&
Morrison 1999)).Shapede�nitions primarily concernhow
shapeslook, but may include other informationhelpful to
therecognitionprocess,suchasstrokeorderor strokedirec-
tion.

Becausedifferentdomainshavedifferentwaysof display-
ing andediting the shapesin their domain,sketchrecogni-
tionsystemsneedto know how to editanddisplaytheshapes
recognized.This motivatedus to createa languagethat al-
lows developersto describeediting anddisplay, aswell as
how theshapeslook andaredrawn.

Shapedescriptionlanguageshave beencreatedfor use
in architecture,diagramparsing,aswell aswithin the �eld
of sketch recognition itself. However, current shapede-
scriptionlanguageslack waysfor describingediting (Stiny
& Gips 1972; Futrelle & Nikolakis 1995; Bimber, Encar-
nacao,& Stork 2000; Mahoney & Frommerz2002; Cae-
tano et al. 2002b; Gross & Do 1996), display (Futrelle
& Nikolakis 1995; Bimber, Encarnacao,& Stork 2000;
Mahoney & Frommerz2002;Caetanoetal. 2002b;Gross&
Do 1996),or non-graphicalinformation,suchasstrokeorder
or direction(Stiny & Gips1972;Futrelle& Nikolakis1995;
Bimber, Encarnacao,& Stork2000).

Framework Overview

Ourgoalis to makedevelopmentof asketchrecognitionsys-
temeasierby enablingdomainexperts(ratherthanprogram-
mers)to describetheshapesto berecognized.Figure1 gives
anoverview of theframework for ouroverallresearcheffort:
1) a sketchdescriptionlanguage,LADDER, 2) a translator
thatconvertsa domaindescriptioninto componentsfor use
in conjunctionwith a domainindependentsketch recogni-
tion system,and3) adomainindependentsketchrecognition
systemthatusesthenewly generatedcomponentsto recog-
nize,edit,anddisplayshapesin thedomain.Thedomainde-
scriptionis transformedinto shaperecognizers,exhibitors,
and editorswhich are usedin conjunctionwith a domain
independentrecognitionsystemto createa domainspeci�c
recognitionsystem.

To createthedomainspeci�c recognitionsystem,thede-
veloperwritesaLADDER domaindescriptionconsistingof
multiple shapede�nitions. The left box of Figure 1 gives
an exampleof an Arrow shapede�nition. The components
and the constraintsde�ne what the shapelooks like and
aretransformedinto shaperecognizers.Thedisplaysection
speci�eshow theshapeis to bedisplayedwhenrecognized
andis transformedinto shapeexhibitors.Theeditingsection
speci�estheeditingbehaviors thatcanbeperformedon the
recognizedshapeandaretransformedinto editingrecogniz-
ers.1

1The aliasessectionrenamescomponentsor sub-components
for easeof referencelater.

LADDER suppliesa numberof prede�nedshapes,con-
straints,displaymethods,andeditingbehaviors.Thesepre-
de�ned elementsarehand-codedinto the domainindepen-
dentsystem,allowing it to recognize,display, andedit these
prede�nedshapes.Recognitionis carriedout asa seriesof
bottomup opportunisticdatadriven triggersin responseto
penstrokes.

The third box of Figure 1 shows the domain indepen-
dentsketchrecognitionsystem,which containshand-coded
shaperecognizers,editingrecognizers,andshapeexhibitors
for theprimitiveshapes(line, ellipse,curve,arc,andpoint).
This systemalsode�nes eachof theconstraints.Thetrans-
latorcreatesadditionalshaperecognizers(which in turncall
on theconstraintfunctions),editing recognizers,andshape
exhibitors.As eachstroke is drawn, the systemdetermines
whetherthestroke is aneditingtriggerfor any shape.If not,
it is taken to be partof thedrawing, andis recognizedasa
collectionof primitive shapes.The resultingprimitivesare
addedto thedatabase,andtherecognitionmoduleexamines
thedatabaseto attemptto combinetheprimitivesinto more
abstractshapes.Specializedmethodsmergeoverlappingand
connectinglinesto accountfor primitivessuchaslinesbeing
drawn usingmorethanonestroke.Thedisplaymodulethen
displaystheresultasde�ned by thedomaindescription.

The domain independentrecognitionsystem,including
thesetof primitiveshapes,constraints,displayroutines,and
editing gesturehandlers,and the links betweenthem,pro-
videsasubstantialfoundationfor thedomainspeci�c recog-
nitionsystem,helpingto greatlysimplify thetranslationpro-
cess.

Transformation
Thetranslationprocessparsesthedescriptionandgenerates
codespecifyinghow to recognizeshapesandeditingtriggers
aswell ashow todisplaytheshapesoncethey arerecognized
andwhat actionto performoncean editing trigger occurs.
We describethetranslationprocessin detailfor eachpartof
theshapede�nition.

GeneratingShapeRecognizers
The job of the shapeparseris to transforma shapede�ni-
tion into rulesthat recognizethat shape.The shapede�ni-
tion speci�esthecomponentsthatmakeuptheshapeaswell
as the constraintson thesecomponents,including any re-
quirementsaboutstrokeorderor direction.2 We usetheJess
(Friedman-Hill2001)ruleenginefor recognition.

Jessis a forward-chainingpattern/actionrule enginefor
Java. In our system,Jessfactsrepresentrecognizeddrawn
shapes.Eachstroke is segmentedinto a point, line, curve,

2LADDER allows the userto specifyboth hardandsoft con-
straints.Hardconstraintsmustbesatis�ed for theshapeto berec-
ognized,but soft constraintsmay not be.Soft constraintscanaid
recognitionby specifyingrelationshipsthat usuallyoccur. For in-
stance,in theleft box of Figure1, we couldhave speci�ed (draw-
ordershafthead1head2)to specifythat the theshaftof thearrow
is commonlydrawn beforethehead,but thearrow shouldstill be
recognizedevenif this is notsatis�ed.Ourcurrentimplementation
doesnotyet supportsoft constraints.
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Figure1: Framework Overview showing LADDER DomainDescription,Translator, andDomainIndependentSketchRecog-
nition System.

arc, ellipse, spiral, or somecombinationusing techniques
from (Sezgin2001),andthe primitive shapesareaddedto
theJessfactdatabase.For instance,if a line is drawn, a fact
is addedof the form (Line 342 23 24 25 10.6) ,
where342indicatestheline's ID, 23,24,and25aretheIDs
of theendpointsandmidpoint,and10.6indicatesthelength
of theline. 3 An additionalfact,(Subshapes Line 342
342) , is alsosentto indicatetheprimitiveshapesthatmake
up thedrawn shape.

Our domainshaperecognizersare implementedas Jess
rules.In the transformationprocesswe createa rule whose
patternspeci�es the componentsof the shapeandthe con-

3Becausewe do not want to placeany unspeci�eddrawing or-
der constraints,eachline, arc, andcurve is actually addedtwice
to theJessrule basedsystemto take into accountthe fact that the
endpointsmaybeassignedin eitherdirection.

straintsthat must hold betweenthe components.4 An ex-
ampleof the rule generatedfor the arrow given in the left
box in Figure1is shown in Figure2. Thetranslationprocess
is straightforward becauseof the foundationof primitives
built into the domainindependentsystem.The rule engine
searchesfor all possiblesubsetsof factsfor the collection
speci�ed in its premise.In thecaseof Figure1, therule en-
gine searchesfor threelines to make up the shaft,head1,
andhead2.Theruleenginethentestswhethertheconstraints
hold for eachsubset.Then,for eachcollectionof threelines
labelledshaft,head1,andhead2,theJessenginewill check
that head1.p1andshaft.p1arecoincident.EachLADDER
constraintis de�ned asa Jessfunction to simplify transfor-

4The patternalsospeci�es that all componentsbe distinct, to
preventtheruleenginefrom returningthreecopiesof thesameline
whentrying to �nd anarrow.



(defrule ArrowCheck
;; get three lines
?f0 $<$- (Subshapes Line ?shaft \$?shaft_list)
?f1 $<$- (Subshapes Line ?head1 \$?head1_list)
?f2 $<$- (Subshapes Line ?head2 \$?head2_list)
;; make sure lines are unique
(test (uniquefields \$?shaft_list \$?head1_list))
(test (uniquefields \$?shaft_list \$?head2_list))
(test (uniquefields \$?head1_list \$?head2_list))
;; get accessible components of each line
(Line ?shaft ?shaft_p1 ?shaft_p2 ?shaft_midpoint ?shaft_length)
(Line ?head1 ?head1_p1 ?head1_p2 ?head1_midpoint ?head1_length)
(Line ?head2 ?head2_p1 ?head2_p2 ?head2_midpoint ?head2_length)
;; test constraints
(test (coincident ?head1_p1 ?shaft_p1))
(test (coincident ?head2_p1 ?shaft_p1))
(test (equalLength ?head1 ?head2))
(test (acuteMeet ?head1 ?shaft))
(test (acuteMeet ?shaft ?head2))
;;deleted code: get line with endpoints swapped

=> ;; FOUNDARROW(ACTION TO BE PERFORMED)
;; set aliases
(bind ?head ?shaft_p1)
(bind ?tail ?shaft_p2)
;; add arrow to sketch recognition system to be displayed properly
(bind ?nextnum (addshape Arrow ?shaft ?head1 ?head2 ?head ?tail))
;; add arrow to Jess fact database
(assert (Arrow ?nextnum ?shaft ?head1 ?head2 ?head ?tail))
(assert (Subshapes Arrow ?nextnum (union\$ \$?shaft_list

\$?head1_list \$?head2_list)))
(assert (DomainShape Arrow ?nextnum (time)))
;; remove Lines from Jess fact database for efficiency
(retract ?f0) (assert (CompleteSubshapes Line ?shaft \$?shaft_list))
(retract ?f1) (assert (CompleteSubshapes Line ?head1 \$?head1_list))
(retract ?f2) (assert (CompleteSubshapes Line ?head2 \$?head2_list))
;;deleted code: retract line with endpoints swapped

)

Figure2: AutomaticallyGeneratedJessrule for the arrow
de�nition in theleft boxof Figure1.

mationof a shapede�nition into aJessrule.
If a shapeis recognized(i.e., therule patternis satis�ed),

theruleactionis �red. In thetransformationprocesstherule
actionis speci�edto dothreethings:1) addthenew shapeto
thedatabaseof recognizedshapessoit canbedisplayedcor-
rectly andedited;2) addthenew fact to therule basedsys-
temso morecomplicatedshapescanbe formedfrom it; 3)
removerecognizedcomponentsfrom thedatabase.This last
stepimprovesef�ciency at theexpenseof possiblymissing
someshapeinterpretations.

Jessthencon�rms thatthis newly createdshapedoesnot
shareany subcomponentswith any otherdomainshape.If it
does,thenonly oneof thedomainshapeswill remain,either
theshapecontainingmoreprimitivecomponents(Ockhams
razor),or (in thecaseof a tie) theshapethatwasdrawn �rst.

While the arrow exampleusedthroughoutthis paperis
composedof a �x ed numberof components(3 lines), our
architecturecanalsosupportshapescomposedof a variable
numberof components,suchas a polyline or polygon. A
shapewith a variablenumberof componentsis transformed
into two Jessrules,the�rst recognizesthebasecase,andthe
secondrulehandlestherecursivecase.Forexample,thebase
caserule of a polyline recognizesa polyline consistingof
two lines,while therecursivecaserulerecognizesapolyline
consistingof anexistingpolylineandanadditionalline.

GeneratingEditing Recognizers

The shapede�nition includesinformationon how a shape
canbe edited.Thearrow de�nition from Figure1 speci�es

threeeditingbehaviors:draggingthehead,draggingthetail,
anddraggingtheentirearrow. Eacheditingbehavior consists
of a triggerandanaction.Eachof the threede�ned editing
commandsaretriggeredwhentheuserplacesandholdstheir
penon the head,tail, or shaft,andthenbegins to dragthe
pen.Theactionsfor theseeditingcommandsspecifythatthe
objectshouldfollow thepeneitherin a rubberbandfashion
for theheador tail of thearrow or by translatingtheentire
shape.

The drawing panelwatchesfor all of the possibleedit-
ing triggersprede�ned in LADDER. When one occursit
calls the appropriatemethodto checkif an editing behav-
ior shouldoccur. Eachof theeditingactions(suchastrans-
late, rotate,scale,rubber-band,or delete)is prede�nedfor
all shapes.

During the translationprocess,we transformall of the
editingspeci�cationsof theshapede�nitions into oneJava
class.After atrigger�rst occurs(suchasclick or holdDrag),
theJava classexaminesall of theviewableshapeswith that
triggerde�ned to seeif an editingbehavior hasbegun.For
instance,holdDrag is de�ned as the pen initially resting
on the screenfor .4 seconds,andthendraggingacrossthe
screen.After holdDragis detected,thesystemlooks to see
if the pen is locatedover the head,tail, or shaft of an ar-
row. If not,thesystemtreatsthestrokeasadrawing gesture.
If thereis a shapeunderneaththe stylus that hasthat trig-
ger speci�ed, the editing actionoccurs.In our example,if
the headof an arrow is underneaththe pen,the arrow will
rubber-bandwith theheadfollowing thepathof thepenand
thetail remaining�x ed.5

GeneratingShapeExhibitors

The shapede�nition includesinformationon how a shape
shouldbe displayedonce it is recognized.A shapeor its
componentsmay be displayedin any color in four differ-
entways:1) theoriginal strokesof theshape,2) thecleaned
upversionof theshapes,wherethebest-�t primitivesof the
originalstrokesaredisplayed,3) theidealshape,whichdis-
playsthe primitive componentsof the shapewith the con-
straintssolved6, or 4) anothercustomshapewhich speci-
�es which shapes(line, circle, rectangle,etc.)to drawn and
where.Thearrow de�nition from Figure1 speci�esthatthe
arrow shouldbe displayedin the color red, that head1and
head2shouldbedrawn usingcleaned-strokes(astraightline
in this case),and that the shaftshouldbe drawn using the
original strokes.

LADDER hasa numberof prede�neddisplaymethods,
includingcolor, original-strokes,andcleaned-strokes,which
are hand-codedinto the domain independentrecognition
systemfor use with all shapes.The domain independent
recognitionsystemalsode�nes how to handlehierarchical
displayof shape,andprovidesgeneralizedmethodsfor al-

5Rubber-banding allows users to simultaneouslyrotate and
scaleandobject,assuminga�x edrotationpoint is de�ned.Thisac-
tion hasprovedusefulfor editingarrows andotherlinking shapes.

6We currentlysolve only a subsetof theconstraintsandareat-
temptingto develop andintegratea moresophisticatedgeometric
constraintsolver.



tering thedisplayof a shape,includingtranslate,scale,and
rotate.

During the transformationprocesswe createa shapeex-
hibitor (a Java classto display the shape)for eachshape.
This shapeexhibitor speci�eshow theshapeis to bedrawn
(original, cleaned,ideal,or custom).If the idealstrokesare
to be drawn, the translatorcreatesa methodthat displays
the ideal strokes by attemptingto solve the constraintsof
theshape(e.g.,ensuringthatpointsarecoincidentif thede-
scriptionindicatesso) andthenredraws the shapewith the
constraintssolved.Likewise,if a customdisplayis de�ned,
the translatorcreatesa methodthat displaysthe speci�ed
shapes.

Theshapeexhibitor controlsthedisplayingof thenewly
createdshapeand ensuresthat the components(e.g., the
original strokes)arenot drawn, but only theabstractshape
(e.g.,arrow) itself.Theshapeexhibitor keepstrackof thelo-
cationof theaccessiblecomponentsandaliasesof a shape,
which 1) can be usedby the editing moduleto determine
if aneditinggestureis occurring,and2) ensuresthatwhen
a shapeis moved or edited its componentsare moved or
deletedwith it. The shapeexhibitor also keepsa original
copy of eachof the accessiblecomponentsandaliasesfor
usewhenscalinganobjectto ensurethatwe don't loseany
precisionafterseveralscalings.

Testing
To testour approachwe have built andtransformeddomain
descriptionsfor a variety of domainsincluding UML class
diagrams,�o w charts,�nite statemachines,asimpli�ed ver-
sion of courseof action diagrams,and a simple subsetof
2-dimensionalmechanicalengineeringdiagrams.Figure 3
showsthevarietyof shapesrecognizedto date.

Figure4, a �o wchartof thedomainindependentrecogni-
tion systemdescribedin this paper, was createdusing the
�o wchart domainsketch recognitionsystem.The domain
description speci�ed that Actions, Decisions,Start/Ends
shouldbe displayedin blue andthe Links in red, both us-
ing cleaned-strokes.7

RelatedWork in our group
(Sezgin2003) is working on a translationmechanismthat
canimprove recognitionef�ciency usingHMM techniques.
(Alvarado2003)is developinga moresophisticateddomain
independentrecognitionsystemusingBayesiannetworksto
moreeffectively dealwith the large amountof uncertainty
presentin messyhand-drawn sketches.(Veselova2003)has
developeda systemto generatea symbolicshapede�nition
from a singledrawn example.

Conclusions
Futur eWork
We would like to improve our translatoranddomaininde-
pendentrecognitionsystemto includethe handlingof soft

7Text is also a primitive shape.Text can be enteredusing a
keyboardor a handwritingrecognizerGUI provided in Microsoft
TabletXP. Thetext appearsat thelasttypedplace.

constraintsand continueto test it on additionaldomains.
While we areattemptingto make LADDER asintuitive as
possible,shapede�nitions canbedif�cult to describetextu-
ally, and we would like to integratework from (Veselova
2003) to automaticallygeneratedshapedescriptionsfrom
a drawn example.However, even automaticallygenerated
shapeswill needto becheckedandmodi�ed. Thuswewould
like to createa GUI to debug a domaindescription,provid-
ing interfacesto testwhethertheshapeis under-constrained
(by automaticallygeneratingvalid exampleshapes)or over-
constrained(by allowing theuserto draw severaltestexam-
ples).

Contributions

We suggestan innovative framework for sketch recogni-
tion that usesa single, customizabledomain independent
recognitionsystemfor usewith many domains.This paper
presentsthe �rst translatorwhich takes symbolic descrip-
tions of how shapesaredrawn, displayed,andeditedin a
domainandautomaticallytransformstheminto shaperec-
ognizers,editing recognizers,andshapeexhibitors for use
in a domainindependentsketchrecognitionsystem.To ac-
complishthis,wecreated1) LADDER, asymboliclanguage
for describinghow shapesaredrawn, displayed,andedited
in a domain,2) thetranslatordescribedabove,and3) asim-
ple domain independentrecognitionsystemthat usesthe
newly translatedcomponentsto recognize,display, andal-
low editing of the domainshapes.The implementationof
this translatorand domainindependentsketch recognition
systemservesto show boththatsuchaframework is feasible
andthatLADDER is anacceptablelanguagefor describing
domaininformation.
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