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ABSTRACT
Wedescribeanew sketchinginterfacein whichshaperecog-
nition andmorphingaretightly coupled.Raw input strokes
arecontinuouslymorphedinto idealgeometricshapes,even
beforethe pen is lifted. By meansof smoothand contin-
ual shapetransformationstheuseris apprisedof recognition
progressand the appearanceof the �nal shape,yet always
retainsasenseof controlovertheprocess.At eachtimet the
systemusesthetrajectorytracedout thusfarby thepencou-
pledwith thecurrentappearanceof thetime-varyingshapeto
classifythesketchasoneof severalpre-de�nedbasicshapes.
Therecognitionoperationis performedusingshape-speci�c
�ts basedon least-squaresor relaxation,which arecontin-
uously updatedas the userdraws. We describethe time-
dependenttransformationof the sketch,beginningwith the
raw pentrajectory, usinga family of �rst-order ordinarydif-
ferentialequationsthatdependontimeandthecurrentshape
of thesketch.Usingthis formalism,wedescribeseveralpos-
siblebehaviorsthatresultby varyingtherelativesigni�cance
of new andold portionsof astroke,changingthe“viscosity”
of themorph,andenforcingdifferentendconditions.A pre-
liminary userstudysuggeststhatthenew interfaceis partic-
ularly effective for rapidly constructingdiagramsconsisting
of simpleshapes.
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INTRODUCTION
The overwhelmingmajority of computerinterfacesin use
today employ a pointing device such as a pen or mouse
solely for selectionand/orfor dragging;free-handinput, if
usedat all, is generallylimited to someform of painting
or mark-up,wherethe somewhat arbitrarygeometryof the
strokes is preserved verbatim. The most commonexcep-
tion to this rule is hand-printedsymbolicinformation,which
is acceptedby someinterfacesin the form of standardty-
pography[17, 12], andby othersin theform of abbreviated

“graf�ti” [9]. Otherexceptionsincludethe useof gesture-
basedediting [10] and imageretrieval [3] commands,and
techniquessuchasthe “ARCBALL” methodof controlling
3D viewing parameters[11], all of which operateon un-
constrainedmotionsmadewith a traditionalmouseor other
pointingdevice.Of course,anotherimportantclassof excep-
tions arethe interfacesthat acceptand interpret“sketches”
madeby theuser.

Ever sinceIvan Sutherland's seminal“SKETCHPAD” sys-
temwasdemonstratedin theearly60's [15], sketch-or pen-
basedinteractionhasbeenrecognizedasaconciseandhighly
effective meansof constructinggeometricshapesandspec-
ifying constraints.Recentapplicationsof theseideasin the
areaof computer-aideddesignincludethe “SketchIT” sys-
tem of Stahovich [13], the “SKETCH” systemof Zeleznik
et al. [18], theprojective sketchsystemof Tolbaet al. [16],
andthe“Teddy”systemof Igarashietal. [8] We submitthat
therearetwo fundamentalreasonswhy sketchinginterfaces
havenotbecomemorecommonplace:1) it is dif�cult to reli-
ably interpretfree-handinput, and2) theexactsemanticsof
unconstrainedgesturalcommandsaregenerallynot asself-
evidentasbuttonsandmenus.A resultof the�rst dif�culty
is thata gesturemaybemisinterpreted,makingit necessary
to providemechanismsfor errorcorrection[12]. A resultof
the seconddif�culty is that the usermay be unclearabout
which gesturesaremeaningfulor how they areinterpreted,
evenafterthefact.

In this paperwe presenta new paradigmfor sketchingand
describeourinitial explorationsusingasimpleprototypesys-
tem. Themotivationbehindthis work is to lessentheinher-
entdif�culties discussedaboveby imbuingasketchinginter-
facewith immediateanduseful feedback.Our approachis
to tightly couplegesturerecognitionwith rapidmorphingto
provide a new andsubjectively different form of feedback;
here,the feedbackis providedas each penstroke is drawn,
so that immediateadjustmentscanbe madeif the result is
not what was intended. This type of feedbackalsoallows
sketchesto besloppierandlesscompletein someinstances,
sincea sketchhasserved its purposeassoonasit hasbeen
recognizedfor what it is. This frequentlyrequireslessac-
curacy thananticipated,a fact rarely disclosedby a typical



Figure 1: As a �gur e is drawn, the least-squares
match shownby the dashedline is continuouslyup-
dated.With �uid sketchingenabled,thesketch begins
to morphtoward themostlikely �gur e before thepen
is evenlifted, asshownonthebottom.

recognitionalgorithm.

The idea of coupling recognitionwith instantaneousfeed-
back is not new in itself. For example,in Rubine's “eager
recognition”system[10], an action is triggeredassoonas
a gestureis uniquely identi�ed. Whena rectanglegesture
is recognized,a rectangleis drawn in place.Furtherpointer
movementdragsoneof the rectanglecorners.A shapecan
thusbedrawnandmodi�ed with asinglestroke. Whileeager
recognitionhelpsto reducethetimespentin tool selection,it
hasno provision for correctingrecognitionerrors.Dynamic
feedbackis alsoexhibitedby MortensenandBarrett's inter-
active imagesegmentationtool known as “intelligent scis-
sors.” In this systemthestrongestboundarybetweenanan-
chor point and the currentpointer position is dynamically
updatedastheusermovesthecuttingtool. In contrastto our
system,neitherof theseapproachesincorporatesmorphing
to maintainvisualcontinuity.

AN EQUATION FOR FLUID SKETCHING

In this sectionwe formulate a family of ordinary differ-
ential equations(ODEs) that determinehow a user-drawn
shapechangeswith time asa resultof continuousrecogni-
tion andmorphing;thisformalismcompletelyandsuccinctly
expressesthenotionof �uid sketching.We referto thepara-
metricODEasthe�uid sketchingequation.

Let pt 2 IR2 denotethetwo-dimensionalcoordinatesof the
penattimet. Withoutlossof generality, wemayassumethat
the initial point of a user-drawn stroke is assignedthe time
t = 0, andthatthepenis lifted at time t = T. At sometime
aftera point is drawn, at time s > t, the point pt begins to
migratetowardits correspondingpositionon anideal curve.
By anidealcurve,wemeanthegeometricallypreciseversion
of thecurvethattheuseris apparentlyattemptingto draw.
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Figure 2: Pointsp0, px , py , andpz are reachedalong
thetrajectoryof thepentip at times0 < x < y < z,
respectively. The functionqs(t) givesthe path of a
particular input point if s is held constant,and the
current stateof the morphingcurve whent is held
constant.

Let qs : IR ! IR2 denotethe time-parameterizedtrajectory
of eachpoint drawn by the user; that is, qs(t) is the new
positionof the point ps at time t, which is de�ned for all
0 � s � T ands � t. By de�nition, qs(s) = ps for all
0 � s � T . We further requirethat qs(�) be a continu-
ouscurve, so thereareno instantaneousjumps,althoughit
needn't be smooth. Thus, the graphof qs(�), with s �x ed,
is the trajectoryof the singlepoint ps over time, while the
graphof qs(t), for 0 � s � t and�x edt, is theshapeof the
entiremorphingcurve at time t. The function q thuscom-
pletelyspeci�estheappearanceof thecurveasit morphsover
time, asshown in Figure2. While therearein�nitely many
functionsq thatmayreasonablybeassociatedwith thesame
hand-drawn shape,we shall constructa governingequation
for q that capturesits generalpropertiesand conveniently
characterizesits behavior in termsof simplerfunctions,each
with anintuitive meaning.This singleequationwill accom-
modatea wide rangeof qualitatively differentmorphingbe-
haviors.

To formulatea governingequationfor q we �rst introduce
somenotation.Let P : IR ! P(IR� IR2) denotethegraph1

of theuser's pentrajectoryasa functionof time,andlet Q :
IR ! P(IR � IR2) denotethe graphof the morphingcurve
asa functionof time, whereP(S) denotesthepower setof
S. In termsof the functionsp andq, we mayde�ne graphs
P andQ as

P(t) = f (s;ps) j 0 � s � tg � IR � IR2

Q(t) = f (s;qs(t)) j 0 � s � tg � IR � IR2:

Oneor both of thesegraphsmay in�uence the trajectories
1Herethewordgraphmeansasetof orderedpairsassociatingeachpoint

in thedomainof a functionwith its image,not a collectionof verticesand
edgesthatonestudiesin graphtheory.



followed by eachof the points along the morphingcurve.
It is this feedbackof q in�uencing its own subsequenttime
evolution that leadsto modelingq asa differentialequation.
Speci�cally, we mayexpressthe functionqs asthesolution
to theequation

_qs(t) = f ( qs(t); �[ P(t); Q(t)]; t � s ); (1)

which is a one-parameterfamily of time-dependent�rst-
order ordinary differential equations,where _qs is the time
derivativeof qs, ands is a freeparameter. Heref determines
theinstantaneousmotionof eachpointasa functionof three
arguments:thecurrentpositionof thegivenpoint qs(t), the
resultof thematchingfunction� appliedto boththeoriginal
strokeandthecurrentshapeof thecurve,andthe“age”of the
givenpoint, which is the lengthof time sinceit wasdrawn.
As we shallsee,thereis greatlatitudein selectingthe func-
tionsf and� , yet Equation(1) clearly identi�es thefactors
that arepermittedto in�uence the motion of eachpoint on
thecurve. Equation(1) is the�uid sketchingequation.

The function � in Equation (1) incorporatesthe task of
recognition;at eachtime t, its role is to identify the corre-
spondingideal curve, which may involve a varietyof time-
dependentweightingfunctionsthat deemsomeportionsof
the curve moreimportantthanothers. For example,newly
drawn portionsof thecurvemaycarrygreaterin�uence than
olderportions. The function f , on theotherhand,incorpo-
ratesthe task of locating the point on the ideal curve that
correspondsto any given point; the resultinginstantaneous
motioncomputedby f mayalsobein�uencedby additional
time-dependentweighting functions; for example,a point
may gain inertia over time andeventuallybecomeimmov-
able.

In this formulationof theevolution equations,thetime evo-
lution of q canbe in�uenced by two distinct factors. First,
andmostimportantly, it is in�uenced by the continualevo-
lution of the user-drawn curve p, as the motion of the pen
lengthensthecurve. Thisactionaddsnew pointsto themor-
phing curve (as is evident by the de�nition of Q) andmay
also changethe decisionmadeby the recognizer;this lat-
ter eventgenerallyresultsin continualsmalladjustmentsto
theparametersdescribingtherecognizedobject,but canpo-
tentiallychangethetargetobjectaswell, suddenlychanging
the directionin which eachpoint on the morphingcurve is
moving. Second,the matchingfunction may be basedon
theevolving curveitself, whichampli�es thefeedback;thus,
bothrecognitionandnearest-pointcomputationsmaybe in-
�uencedby thegloballyevolving shapes.

RECOGNITION OF SHAPES
An essentialelementof theproposedalgorithmis therecog-
nition stage,whichattemptsto classifytheuser-drawnstroke
asa fragmentof a known geometric�gure. In our prototype
system,these�gures are currently limited to circles, axis-
alignedboxes,andline segments,all of which aredrawn as

singlestrokes.Eachshapemustbeequippedwith ameansof
estimatingthe parametersof the best�t to eachuser-drawn
stroke, andan absolutemeasureof how goodthis bestap-
proximationis. The systemusestheseestimatesto contin-
uouslyselectthe most likely shapeandthe optimal param-
eters(e.g.centerandradiusof a circle) thatattainsthebest
match.To make theestimatesof quality of �t directly com-
parableacrossdifferentshapes,we consistentlyemploy the
samemetric to computethedistancefrom a givenstroke to
any given shape. This metric is the sumof the squaresof
the distancesfrom eachsampledpoint on the curve to the
closest-matchingshape.

Finding thebestmatchwithin a family of shapescannotbe
handledby a single approach,however. Even circles and
squaresrequirevery differentstrategies. In the caseof cir-
cles,it is relativelystraightforwardtoexpresstheproblemus-
ing linear leastsquares.Givenpoints(x1; y1), (x2; y2); : : :,
(xn ; yn ) alongauser-drawnstroke,weformtheover-constrained
systemof equations
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; (2)

andcomputea least-squaressolutionby solving the corre-
spondingnormal equations[14]. That is, if Equation(2)
is denotedby Ax = b, the least squaressolution is ob-
tainedby solving the systemA TAx = ATb. Weightedleast
squarescan be performedusing a diagonalweightingma-
trix W, with the weight of samplei appearingas the i th
diagonalentry. In this casethe normal equationsbecome
ATW TWAx = ATW TWb. In eithercase,thebest-�t circle
is thencenteredat thepoint (c1; c2) with radius

r =
q

c3 + c2
1 + c2

2: (3)

Finding the least-squares�t for a box is moreinvolved, as
a box doesnot admit a simplealgebraicexpressionfor its
distancefrom a point. However, we can �nd the optimal
boxby meansof relaxation,beginningfrom thesmallestbox
containingtheentirestroke. At eachiterationwe updatethe
shapeby applying“spring” forcesonthefacesof theboxre-
sultingfrom thediscretesamplepointsalongtheuser-drawn
stroke. Eachpoint exertsa springforce,pulling thenearest
faceor vertex of thebox toward it. Usinggradientdescent,
we canrapidly convergeto a con�guration in which thenet
force on all facesis nearlyzero,which correspondsto the
optimalbox. By dampingthespringforces,theoptimalbox
canbefoundwith veryfew iterations;generallylessthan20.
This computationis actuallylessdemandingthanthecorre-
spondingcomputationfor circles,andhasthe advantageof
beinginherentlyincremental.Thatis, asthestroke changes,
we canmaintainthe optimal box by applyingonly a small
numberof relaxationsteps.



Figure 3: Several pointspull on the facesof thebox,
at thenearestpoint,with springforces.

Thetwo examplesthatwe describehere– circlesandboxes
– arerepresentativeof two fundamentallydifferentclassesof
objects. Circles and other algebraiccurves (e.g. lines and
higher-order polynomials)all admit straightforward least-
squaresapproximations.Boxes and more generaln-gons,
on theotherhand,requireiterative methodsthatcanaccom-
modatenon-smoothapproximations.Thesetwo differentap-
proachescanbemixedwithoutdif�culty , sincethequalityof
�t is assessedin thesameway in eachcase,aftertheoptimal
shapefrom eachclassis found.

IMPLEMENTATION

In this sectionwe describevery straightforward de�nitions
for thefunctionsf and� in Equation(1),anddescribethere-
sultingnumericalsolution.By far thesimpleststrategy is to
de�ne �[ S1; S2] to betheunweightedleast-squares�t to ei-
therthepoint-setS1 or thepoint-setS2, withoutregardto the
timesassociatedwith thepoints;thatis, by ignoringthetime
coordinatesof thegraphsS1 andS2. In theformercase,the
ideal shapeis alwaysselectedwith respectto exactly what
the userhasdrawn. In the lattercase,the ideal shapeis al-
waysselectedwith respectto whatis currentlyvisibleon the
screen;that is, the morphingcurve. Neitherof thesepure
strategiesis completelysatisfactory, however. In the former
caselineswhich areno longervisible neverthelesscontinue
to exert an in�uence over the evolving curve. In the latter
caseit maybedif�cult to correcta recognitionerror;that is,
anambiguoussketchmaybegin tomorphtowardanincorrect
shape,which increasesthelikelihoodthatit will continueto
berecognizedastheincorrectshape.

A compromisethatwe have foundto bequiteeffective is to
basethematchingentirelyon theuser-drawn strokes,but to
weight therecentportionof a stroke moreheavily. This ap-
proachgraduallydiminishestheeffectsof thehiddenstrokes
while placingmoreemphasisontheportionof thestrokethat
haschangedthe least,sinceit hashada shortertime to un-
dergo a transformation.All of the�gures in this paperhave
beengeneratedusingthisstrategy.

Recallthat the role of the functionf is to determinethedi-
rectionin which a point on the morphingcurve shouldmi-
grate,aswell asthe speedof its motion. For eachpoint on
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Figure 5: The instantaneousmotionof pointsqi to-
ward the points � (qi ; S), the closestpoint on shape
S, which is generally also changingwith time. The
pathfollowedbyeachqi is thesolutionof anordinary
differentialequationde�nedby thefunctionf .

thecurve, the functionf mustbasethis computationon the
currentoptimalshape,asdeterminedby the� function,and
thetimethathaselapsedsincethepointwasdrawn. Thesim-
pleststrategy for f is to simply move in thedirectionof the
closestpointontheidealshape,whichwedenoteby � (q; S),
basingthespeedonthedistanceto thispointandaparameter
thatwecall theviscosity. In particular, weset

f ( q; S; t ) =
� (q; S) � q

�
; (4)

where� � 0 is theviscosity. SeeFigure5. A valueof � = 0
is interpretedto meaninstantaneoussnappingto theshapeS,
while � = 1 meansthattheuser-drawn strokesareretained
verbatim.

Notethattheviscosity� needn't beconstantalongthecurve;
ateachpoint it maybea functionof its aget or position.In-
deed,by making� a functionof thetimesinceit wasdrawn,
wecanenforcea veryusefulboundarycondition.For exam-
ple,by de�ning

� (t) = � 0 +
1

ect 2 � 1
; (5)

theviscosityis in�nite at thepositionof thepen,but rapidly
convergesto theconstant� 0. This ensuresthat themostre-
centlydrawn portionof thestroke is alwaysin contactwith
thepen.

According to Equation(4), eachpoint of the curve Q(t)
moves toward the nearestpoint on the ideal shapewith a
speedthatis proportionalto its distancefrom S. Thiscreates
an impressionof a gradualconvergenceto the �nal shape,
ratherthansnappingto theshape.Wehaveadoptedthisstrat-
egy in generatingall the �gures in this paper. In themiddle
row of Figure4, we have set� = 20, andin thebottomrow
we have set� = 5. Figure6 illustratesa similar scenario,in
whicha userdrawsa very roughbox. By thetimethesketch
is done,it hasalreadymorphedinto a nearlyperfectbox.



Figure 4: Toprow: a roughlycircular patternis drawnbytheuser. Thisdatawascapturedasa userinteractedwith our
prototypesystem.Middle row: with �uid sketching enabled,theverysametrajectorycontinuouslymorphstoward the
least-squarescircle. Bottomrow: whentheviscosityis decreased,themorphingreachesthecurrentoptimalshapemore
quickly.

Althoughtheevolving curveQ(t) is de�ned mathematically
asthesolutionof a rathermessyordinarydifferentialequa-
tion, its numericalsolutionis completelyelementary. Since
theevolving shapeof thecurve is merelyintendedto create
a transientimpression,it needn't becomputedto high accu-
racy. Consequently, thesolutionof theODE canbecarried
outusingtrivial forwardEulersteps;thatis, by moving each
pointby its timederivativeateachtimestep.Sinceall points
ultimately convergeat the ideal shape,the only inaccuracy
thatis sufferedby usingsuchacrudeapproximationis in the
preciseshapeof the trajectoryfollowed by eachpoint, and
in the locationreachedon the targetshape.Sincerelatively
largeerrorsin bothof theseaspectsof thecomputationcanbe
toleratedwithoutvisibly affectingtheoutcome,moresophis-
ticatedODEsolvers,suchasimplicit or multi-stepmethods,
donotcurrentlyappearto bewarrantedin thisapplication.

Apart from thenumericsof recognition,themostsigni�cant
complicationthat arisesin implementing�uid sketchingis
that the morphingmustoperateconcurrently, in a separate
threadof execution. This is essential,as the morph may
not be completeby the time the user stopsdrawing. In-
deed,many independentthreadsof executionmayconceiv-
ablybeneededsimultaneouslytoaccommodatemany shapes
thatcontinueto morphastheuserproceedsto draw yet an-

other. Unfortunately, multi-threadingis not yet a ubiquitous
featureof user-interfacetoolkits [4]. Nevertheless,themulti-
threadingrequiredfor thisapplicationcanbeadequatelysim-
ulatedby periodically insertingmorphingupdatesinto the
eventqueue.

SUBJECTIVE EVALUATION

To begin assessingthe utility of �uid sketching we con-
ductedaninformalevaluationwith elevensubjects,all com-
putersciencestudentswho werevery familiar with conven-
tional drawing programs,suchasAdobeIllustratorandMi-
crosoftPowerpoint. Eachsubjectwasasked to reproducea
previously-drawncollectionof shapesusingour�uid sketch-
ing prototypeanda similar-looking interfacewith a tool bar
of shapesanda click-and-dragstyleof interaction.We shall
refer to the latter interfaceas“conventional.” The subjects
were given unlimited time to familiarize themselves with
both interfaces,andwereasked to completea survey after
performingtheassignedtask.

The resultsof this study suggestthat the �uid sketching
paradigmis easyto pick up, andcanquickly begin to com-
petewith moreconventionalmethods.However, the study
alsoindicatedsomeof theshortcomingsof �uid sketchingas
it is currentlyimplemented.



Figure 6: Top row: theusersketchesa roughbox. Bottomrow: with �uid sketching enabled,theidenticaluser-drawn
stroke continuouslymorphstoward theleast-squaresboxasit is beingdrawn.

Whenaskedwhich interfacefelt morenatural,� ve subjects
were neutral, two slightly favored the conventional inter-
face,andfour slightly favored�uid sketching. Whenasked
which interfacethey preferredfor creatingaccuratelyplaced
shapes,mostsubjectsslightly favored the conventionalin-
terface. However, when asked aboutapproximatelyplac-
ing shapes,eight subjectfavored �uid sketching,with � ve
of them favoring it strongly. Finally, when asked which
they preferredfor rapidly creatingnew approximatedraw-
ings,nineof thesubjectsfavored�uid sketching,with � veof
themfavoring it strongly. Thus,in situationswhereaccuracy
of placementis lessimportant,the majority of usersin this
studypreferred�uid sketching,citing the fact that repeated
tool selectionwasunnecessary, andthat it wassimply more
fun to use. As a further auspicioussign, without prompt-
ing all eleventestsubjectselectedto continueexperimenting
with the�uid sketchinginterfaceaftercompletingtheques-
tionnaire.

Thestudyalsorevealedthemajorshortcomingof �uid sketch-
ing. Onesubjectfoundthatthesystemdid not readilyrecog-
nizehisrectangles.Moresigni�cantly, nearlyall thesubjects
statedthattheremustbeameansof editingtheresultafterit
is drawn;while thiscapabilitycanberealizedwithin apurely
�uid sketchinginterface,it hasnotyet beenimplemented.

DISCUSSION

Thiswork constitutesaninitial explorationof �uid sketches,
which tightly couplesrecognitionandmorphingto createa
continuousandimmediateform of feedback.The rationale
for �uid sketchesis twofold: �rst, feedbackon therecogni-
tionof the�gure isgivenimmediately, andsecond,seeingthe
truegeometryof theshapecanaid in drawing it. For exam-
ple,theapproximatelyparallelsidesof aboxquicklybecome
exactly parallel,makingthe �nal sizeandshapeof the box
evidentandallowing for immediatecorrectionif desired.As
afurtheraid,it is alsopossibleto immediatelyshow theideal
shapecorrespondingto the hand-drawn stroke, asshown in
Figure1. Thus,onecanimmediatelyseetheextentof a cir-
cleafterdrawing only a smallportionof it. This is currently
anoptionin oursystem.

Theideaof �uid sketchingcanbetakentodifferentextremes.
For example, morphing can be madeeffectively instanta-
neous,wheretheuser-drawn strokeimmediatelysnapsto the
idealshape.At theotherextreme,theidealshapeis drawn as
an overlay, but the original user-drawn stroke remainsun-
altered. The secondextremeprovides feedbackabout the
recognitionprocess,but doesnot changewhat the userhas
drawn. Retainingthe original input maybe important,par-
ticularly in theearlystagesof a designprocess[5, 16, 8]. In
the context of architecturaldrawings, sloppinessmay con-
notelack of commitmentor known inaccuracies[7]. While



we agreethatbothinstantmorphingandsuppressedmorph-
ing arelikely to �nd application,wehaveobservedthatmid-
dlegroundofferedby ourcurrentsystemhaswideappeal.

Onescenariothatis uniqueto �uid sketchingis thatin which
thecharacterof theuser-drawnsketchchangesmid-waythrough
a stroke, asdepictedin Figure7. Here, the userbegins to
draw what looks like a slantedline, but then proceedsto
draw an arc, and �nally a sharpedgeindicatinga box. In
this casethe systemchangesits interpretationtwice as the
userdraws; it �rst re-morphstheline into a circulararc,and
thentheentirecurve into aportionof a box. Suchascenario
may occurasa resultof sloppinesson the part of the user,
in whichcasethefeedbackcanbeinstrumentalin correcting
theerror, or theusermayhave simply changedhermind, in
which casethealready-drawn portionof the �gure is seam-
lesslyupdated,asthoughthe intentionhadbeenclearfrom
thestart.

Even in its current limited form, the idea of �uid sketch-
ing may �nd applicationto free-handon-line construction
of simplediagrams,suchas�nite statemachinesandVenn
diagrams,whichhave simpleandcompletesemantics[1, 6].
Suchdiagramsrely uponvery simplegeometricalelements,
andareoftenfar superiorto moreabstractmathematicalno-
tation.

While the�uid sketchingapproachis feasiblefor simplege-
ometricshapes,it is unlikely that it canbe appliedso suc-
cessfullyin thecontext of characterrecognitionandmorph-
ing [2]. For �uid sketchingto work, recognitionmustoccur
almostinstantaneously. However, characterrecognitionof-
tenrequiresmorecontext andmoresubtledistinctions,which
unfortunatelyprecludesrecognitionin mid-stroke[12].

FUTURE WORK
Our currentsystemwasdevelopedasa proof-of-concept.A
full scaledrawing applicationwill requirea largerrepertoire
of shapes.Polynomialcurvesandgeneralpolygonalshapes
arehigh priorities. Expandingthe repertoireof shapesin-
volvesmorethansimplyaddingadditionalclassesof shapes
to therecognizer, however. Thecaseof anellipseillustrates
theadditionalcomplicationsnicely. If generalellipseswere
added,it would thenbecomealmostimpossibleto produce
a perfectcircle, since the extra degreesof freedomof an
ellipse will almostalways lead to a better �t. How, then,
can one specify a perfectcircle by meansof an imprecise
sketch? Thereare at least two distinct strategies that one
mightpursuehere.First, theinitial recognitioncanbebased
onwell-separatedbasicshapes,whicharethendistortedafter
the fact. That is, the recognizermight only look for perfect
circles, or perhapsellipsesof someminimum eccentricity.
Oncethe shapeis drawn, it could be distortedusingmore
conventionalpick-and-dragmethods.Anotherpossibility is
to draw highly-constrainedspecialcasesin adistinctmanner.
For example,anexactcirclemightbespeci�edby tracingthe
entireshapetwice.

Ultimately, it will benecessaryto accommodatemulti-stroke
shapes,suchasarrows. This will requiresomeway of de-
termining whethera collection of strokes belongtogether,
which is similar to theproblemof groupingstrokesthatrep-
resentasinglehand-writtencharacter[12].

Althoughit would beeasyto incorporateeditingoperations
into our systemusingconventionaltools, we would like to
exploreimplementingthemin a mannerthat is moreconsis-
tentwith thespirit of �uid sketching.Onepossibilitywould
to to useoverwriting to in�uence the least-squares�t of ex-
istingshapes.

We look forwardto performinguserstudiesto determinethe
strengthsandweaknessesof �uid sketchingmoreprecisely.
Thesestudieswill also help us to selectamongthe many
possiblestrategiesembodiedby the�uid sketchingequation.
Moreover, optimalmorphingratesandrecognizerparameter
settings(e.g.leastsquaresweights)will likely be user- and
task-speci�c,which will only becomeapparentafter exten-
siveuse.
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