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Abstract

We presentan intuitive 3D interface for interactively
editing and painting a polygonalmeshusinga force feed-
back device. An artist or a designercanusethe systemto
createandrefinea three-dimensionalmultiresolutionpolyg-
onal mesh.Its appearancecanbe further enhancedby di-
rectlypaintingontoits surface. Thesystemallowsusers to
naturally createcomplex formsandpatternsnot only aided
byvisualfeedback but alsoby their senseof touch.

1 Introduction

Easy, simple,andfastmodelcreationremainsa challeng-
ing problemfor building virtual environments. An ideal
modelingpackagefor VR systemsshouldallow the users
to createabasicmodel,edit it with finerdetails,andfurther
enhanceits appearanceby paintingcolorsandtextureswith
relativeeaseandflexibility – all via anintuitiveandsimple
userinterface. Therearenumerouscommercialmodeling
systemsavailablefor computeranimation,CAD/CAM, and
VR applications.It is alsopossibleto scanin amodelof an
existing objector a prototypesculpturedby anartistusing
(semi-)automaticdigitizing systems.

Oneof the limitationsof existing commercialmodeling
systemsis lack of direct model interactionby using typi-
cal 2D input and output devices offered by currentdesk-
top computingenvironments. The resultinghigh learning
curvesdetermany artistsfrom freely expressingtheir cre-
ativity, dueto thedifficulty in translatingconceptualdesigns
into digital form.

In the computergraphics,userinterface,andVR com-
munities,researchershave developednumeroustechniques
for 3D interactioncomprisingobject selection[PFC� 97],
flying, grabbing and manipulating [RH92], miniature
worlds [PBBW95], differentmodesof speech,gestureand�
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Figure 1. A Rooster Created & Painted by in-
Touch

gaze,two-handedinteraction[CFH97, ABF � 97], andpro-
prioception[MBS97]. Most of this work hasfocusedon
interactiontechniquesandis basedon data-glovesor sim-
ple VR interfacesfor selectionandmovementratherthan
on force-feedbackdevices. In the last few years,3D input
andoutputdeviceshave beengaining importance.Haptic
deviceshave beenusedasa virtual reality interfaceto sim-
ulatedenvironments. The capability of “force feedback”,
introducedin systemslike theNanomanipulator[TRC� 93]
andthePIT [APT � 98], offersdirectinteractionwith virtual
environmentsvia thesenseof touch.

As an attemptto provide touch-enabledmodelingfea-
tures,anoncommercialplug-in to Alias �Wavefront’sPower
Animator software packagewas developed at SensAble
Technologies[Mas98]. Thoughits ability to feel the ob-
jectswhile placingor addingnew objectsprovidesuseful
guide in modelgeneration,“topological constraintsof the
NURBS geometry”preventedthis approachfrom achiev-
ing desiredforce updaterates[Mas98]. Not until very re-
cently, a modelingsystemcalled �	��
�

����������� wasintro-
ducedby SensAbleTechnologies.It is probablythe first
3D digital modelingtool that allows artistsanddesigners
to expresstheir creativity with 3D-������������� . This system
bringstogetherthe“sculpting” metaphorsandtheelectronic



modelingflexibility thatmakethesculptingof “digital clay”
possible.Thesoftwarepackageprovidesnumerousfeatures
andworks in a direct andobvious manner. However, the�	��
�
������������ modelingsystemusesan internalvolumet-
ric representationandassociatedtechniques,so it appears
rather difficult and time-consumingto createfine details
andsharpfeatureson modelsusing this system. Further-
more,thesystemrequiresa representationconversionfrom
its volumetricdatastructureto adesiredsurfacerepresenta-
tion.

Independently, wehavebeenpursuingasimilarvisionof
digital modelingwith atrue3D interfacevia force-feedback
devices. However, our approachis ratherdifferent. We
havechosensubdivisionsurfacesastheunderlyinggeomet-
ric representationfor our system. This representationen-
ablestheuserto performglobalshapedesignandmultires-
olution editing with ease,allows the usersto tradeoff fi-
delity for speed,andoperateson simpletriangularmeshes.
In addition,our systemalsooffers 3D paintingcapability
on arbitrarypolygonalmesheswith the hapticstylusasan
“electronicpaintbrush”.

Our system,inTouch, canbe usedasa geometricmod-
eler, wherethe usermay load a simpleprimitive suchasa
trianglemeshapproximationof a sphereanddeformit to
createaninterestingmodel.Or, it canbeusedasafinishing
systemin conjunctionwith an existing modelingpackage
by creatingsharpfeaturesandfinerdetails,aswell aspaint-
ingcolorandtexturesdirectlyontothemodel’ssurface.The
roosterin Figure1 wascreatedandpaintedby inTouch and
thesharppeakwaseffortlesslymodeledby asimplepulling
operationon the finest level mesh. Alternatively, inTouch
canalsobeusedasanaturalandintuitiveeditingandpaint-
ing tool to modify andrefinea modelscannedby a model
digitizer. It complementsexisting techniquesandmodeling
software.

1.1 Our Contributions

In thispaper, wepresentanintegratedsystemfor 3D model
editingandpaintingwith ahapticinterface.Thesystemhas
thefollowing characteristics:

� Direct 3D model interaction with a haptic interface
– Weuseacommercialforce-feedbackdevice(PHAN-
ToM), haptic toolkit (GHOST) and our collision de-
tectionlibrary, H-Collide [GLGT99], to interactwith
a virtual modelby directly manipulatingpointson the
modelsurfaceandplacingpaint on the desiredloca-
tion with relatively high fidelity (limited by pixel pre-
cision).

� Multiresolution model editing – Basedon a subdi-
vision surfacerepresentation,we can shapeand edit
modelsof arbitrary topologyat varying levels of de-

tail. Due to the uniformity of representation,the re-
sultingmeshescanbeuseddirectly for renderingand
simulationwithout any formatconversion[SZ98].

� Interactive 3D painting – Giventrue3D interaction,
wecannow paintdirectlyontothesurfaceof themodel
withoutcumbersomemappingschemesor otherobject
registrationproblems.

1.2 Organization

Therestof thepaperis organizedin thefollowing manner.
Section2presentsrelatedwork in hapticinterfaces,geomet-
ric modeling,and3D painting.In Section3, wedescribean
overview of the hardwareconfigurationandsoftwaresys-
temframework usedin this research.Section4 presentsthe
designandimplementationof inTouch. Wedemonstratethe
systemcapabilityandsummarizeuserfeedbackin Section
5. Finally, we concludewith futureresearchdirections.

2 Previous Work

In this section,we briefly survey relatedresearchon hap-
tic interfaces,geometricmodeling,and3D painting. Our
systemmixes togetherinteractiontechniques,algorithmic
advancesin modeling,and3D paintingandintegratesthem
seamlesslyto developaneasy-to-usemodelingandpainting
tool.

2.1 Haptic Interaction

Several real-time virtual environment systemshave in-
corporateda haptic interface to enhancethe user’s abil-
ity to perform interactiontasks[CB94, Col94, FFC� 95,
MRF� 96, MS94, OY90, RKK97, TRC� 93]. Researchers
at the University of Utah have developeda hapticdisplay
systemfor virtual prototyping[NNHJ98, He97, JC98]. It
usesthe SarcosDexterousArm Master(with a 3-dof grip-
per)alongwith theAlpha 1 CAD system,dynamicsimula-
tion, andhapticinterfacecontrol.

Gibson[Gib95] andAvila andSobierajski[AS96] have
proposedalgorithmsfor objectmanipulationincludinghap-
tic interaction with volumetric objects and physically-
realistic modelingof object interactions. Recently, Sens-
Able Technologiesdevelopedthe �	��
�
������
����� modeling
systemto createand explore 3D forms using volumetric
representations[ST99].

2.2 Geometric Modeling

There is an abundant wealth of literature on geomet-
ric modeling, interactive model editing, and deformation
methodsappliedto free-form curves and surfaces. They
canbeclassifiedaspure-geometricrepresentations[Far90]
such as NURBS [PT97], free-form deformation (FFD)



[SP86], or physically-basedmodelingtechniquessuchas
D-NURBS[QT96].

FFD [CR94, Coq90, HHK92, MJ96, SP86] is versa-
tile and powerful for global shapedesign, but less effi-
cient for local surfacedesign. Hierarchicalediting based
on classical multiresolution analysis was first proposed
to describehierarchicalgeometryby Forsey and Bartels
[FB88]. With a similar mathematicalframework, sub-
division methodsallow modeling of arbitrary topology
surfaces[SZ98], while supportingmultiresolutionediting
[DKT98, HDD � 94, KS99, SZMS98, ZSS97]. Thereare
alsoothersculptingtechniquesbasedonvolumetricmodel-
ing methods[GH91, RE99].

2.3 3D Painting

By usingstandardgraphicshardwareto mapthebrushfrom
screenspaceto texture space,Hanrahanet al. allow the
user to paint directly onto the model insteadof into tex-
turespace[HH90]. This approachwasappliedto scanned
surfacesusing3D input devices,suchasdataglovesanda
Polhemustracker [ABL95]. However, thepaintingstyleof
bothsystemscanbeawkward,dueeitherto thedifficulty in
rotatinganobjectfor properviewing duringpainting,or to
thedeviationin paintlocationintroducedby theregistration
process.

Therearealsocommercial3D paintingsystems.Most
of themoften useawkward andnon-intuitive mechanisms
for mapping2D texturesonto3D objects.Noneoffers the
naturalpaintingstyledesiredby artistsanddesigners.

Johnsonetal. introducedamethodfor paintingatexture
mapdirectly onto a trimmedNURBS modelusinga hap-
tic interface[JTK � 99]. Its simplicity andintuitive interface
supportanaturalpaintingstyle.However, its parameteriza-
tion techniqueis limited to NURBSanddoesnot apply to
polygonalmeshes,which aremorecommonlyencountered
in graphicsandVR.

3 System Overview
Next, wegiveabrief descriptionof ourhapticsystemsetup,
thesoftwarelibrariesusedin building our3D modelingand
paintingsystem,andtheuserinterface.

3.1 Haptic System Architecture

Our prototype system uses a SensAble Technologies’
PHANToM asa hapticdevice,anSGI R10000Infinite Re-
ality for graphicaldisplay, a dual-processorPentiumIII PC
asa haptic server, andUNC’s VRPN library [VRPN] for
a network-transparentinterface betweenapplicationpro-
gramsandourhapticsystem.

Our hapticsserver containstwo basicprocesses.One
processis usedentirelyby GHOSTandH-Collide to update
the force displayedby the PHANToM. The otherhandles
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Figure 2. System Architecture

themessagepassingacrossthenetwork to theclient appli-
cationandalsohandlesthemodeldeformations.Theclient
applicationis responsiblefor thegraphicaldisplayandthe
userinterface.Theoverall systemarchitectureis shown in
Figure2.

Thereal-timehapticdisplayis renderedusingacommer-
cial haptictoolkit calledGHOSTandourcollisiondetection
library, H-Collide [GLGT99]. All thecollision queriesare
performedusingH-Collide, which providesreal-timecon-
tact determinationfor force computationsat the KHz rate
requiredfor hapticdisplay. Givena model,H-Collide pre-
computesahybridhierarchicalrepresentation,consistingof
uniform grids representedusing a hashtable and treesof
tight-fitting orientedboundingbox trees(OBBTrees). At
runtime,weusehybridhierarchicalrepresentationsandex-
ploit frame-to-framecoherencefor fastproximity queries.
If themodelis deformed,all thehybrid hierarchicalrepre-
sentationsin theregion of deformationarerecomputedand
updatedin real-time.Thecontactinformationoutputby H-
Collide is alsousedfor modeleditingandpainting.

3.2 Software System

In orderto deformthemodelinteractively, theusersimply
choosestheedit level (resolution)andattachestheprobeto
thesurface.Thedeformationupdateprocessusestheforce
vectorcurrentlybeingdisplayedby thePHANToM to move
thecurrentsurfacepointat theselectededit level. Thesege-
ometricchangesarethenpropagatedupaccordingto subdi-
vision rulesto the highestlevel of the mesh. The changes
aresentacrossthe network to the client applicationwhich
maintainsanidenticalmultiresolutiondatastructuresothat
it canperformthe sameoperationto updatethe graphical
display. We reducethe network traffic by performingthe
redundantcomputationof meshdeformationon both the
server andthe client machines,asopposedto sendingthe
changesto thehighestlevel meshacrossthenetwork.

Oncethe highestlevel meshhasbeenmodified,the H-



Collide andgraphicaldatastructuresneedto beupdatedto
reflectthechange.Themeshdatastructureisqueriedfor the
trianglesthatwerechangedat thehighestresolution,which
is displayedbothhapticallyandgraphicallyat all times. A
local deformationalgorithmis usedto merge the changed
triangleswith the trianglesthat were not changedin the
H-Collide datastructure. The graphicaloutputsubsystem
alsoreceivestheupdateandproceedsto modify thedisplay
lists correspondingto thechangedtrianglesandredraw the
screen.

3.3 User Interface

inTouch allows theuserto edit andpainta polygonalmesh
with 3D hapticdisplay. Thereis a 2D menudrawn over the
edgeof the projected3D scenewhich containsthe model
beingeditedandthePHANToM probe.Theusercaneffec-
tively interactwith the3D sceneandthe2D menuwithout
everhaving to let go of thestylus.

In additionto file I/O, theusercanposition,orient,and
scalethe modelswith various3D techniques. For shape
deformation,the interfaceallows the userto pick the de-
sired edit level and type of probeconstraint. Probecon-
straintswill becoveredin section4.1. Actualdeformations
occurby pressingandreleasingthebuttonwhenin contact
with themodelsurface.Themostrecentmeshedit or brush
stroke canbe undoneby simply doubleclicking the stylus
buttonwhennot in contactwith thesurface.

For 3D painting, the usercan interactively choosethe
color, saturation,andluminanceof thebrushstroke aswell
asits radiusandfalloff bynaturallydraggingin a2Dcanvas.
Thehapticstylusinputsthe3D locationof thevirtual edit-
ing tool andpaintbrushcontrolledby theuser. It is drawn
in the3D sceneasa sphereof radiusequalto theeffective
radiusof the virtual brushand coloredthe samecolor as
thepaintbeingapplied. The radiusis increasedrelative to
theforceexertedby theuseron thehapticstylusasin real
painting. Therefore,thehardertheuserpresseson thevir-
tual brush,the wider the paint spreadsacrossthe surface.
A snapshotof thesystemsetupwith themainscreenof the
userinterfaceis shown in Figure3.

4 Design and Implementation
Thesystemis written in C++ usingtheOpenGLandGLUT
libraries.In thissection,wedescribethealgorithmsusedto
developthe geometryediting,painting,andhapticsubsys-
temsaswell astheir integration.

4.1 Multiresolution Mesh Editing

inTouch containsa multiresolutionmesheditingsubsystem
which takesthepositionof theprobeon themodelandthe
directionof appliedforceasinput. Together, theseparam-
etersdefinea geometricchangeto the model at a certain

Figure 3. System Setup with User Interface

resolution. A meshedit is a sequenceof thesegeometric
changesappliedto themodel.

Theuseris ableto edit in two differentprobeconstraint
modesandis ableto choosetheresolutionatwhich theedit
takesplace.Recallthat thehighestresolutionmodelis the
onebeingdisplayed.Theuseris freeto pushor pull on the
surfaceusingtheprobein orderto deformthegeometryinto
a desiredshape.Both thegraphicalandthehapticdisplays
are updatedin real-timeto show the changingpolygonal
mesh.

4.1.1 Subdivision Framework

Subdivision polygonalmeshesareusedasthe internalrep-
resentation.Input mesheswithout subdivision connectivity
canberemeshedusingalgorithmsin [EDD � 95, KL96].

The work of Zorin et al. [ZSS97] strongly influenced
the multiresolutiondesignof our meshediting subsystem.
We use Loop subdivision for computinghigh resolution
geometryfrom low resolutiongeometry. A Gaussian-like
smootherproposedby Taubin[Tau95] is usedto propagate
geometricchangesin the other direction. Sharpfeatures
such as boundariesand surface derivative discontinuities
can be handledthroughstraight-forward modificationsof
thestencilweights[HDD � 94, Sch96].

Vertex positionsanddetailvectorsarestoredateachres-
olution level. Levelsarenumberedhigherwith increasing
resolution.Thedetailvectorsat level � representhow much
the positionsat level � differ from the subdivision of level�! #" . To obtaincorrecteditingsemantics,Forsey andBar-
tels [FB88] have shown that the finer level detailsmustbe
expressedrelative to a local coordinateframe inducedby
thecoarserlevel. This is alsoknown ascoordinateindepen-
dence.

Whenanedit occursat a certainresolution,a setof the
verticesatthatlevelaremoved.Thedisplaysshow thehigh-
est resolutionand are updatedin real-timeby repeatedly
subdividing the moved verticesand adding in the details
presentateachlevel. Therefore,thelevelsfinerthantheedit
resolutionareupdatedusingsubdivision during theedit it-



self. Theresultingupdatedfinestmeshis thenpassedto our
collisiondetectionlibrary, H-Collide [GLGT99], andto the
graphicaldisplay. After theedit is done,the levelscoarser
than the edit resolutionare updatedusing smoothingand
new vertex positionsand detail vectorsare computedfor
theselevels.

4.1.2 Deforming the Model Surface

Next, we needto decidewhich verticesto move basedon
the userinput (i.e. determinehow the model surfacede-
formsdueto theforceappliedby theuser).H-Collide pro-
videsthemesheditingsubsystemwith a triangle,apointof
contact,anda movementvector. The movementvector $�
hasmagnitudedirectlyrelatedto themagnitudeof theforce
appliedby the useranddirectionequalto the directionof
theforce. A triangleexisting at theedit resolutionis found
suchthattheprovidedtriangleat theviewing (highest)reso-
lution wasderivedfrom it. In otherwords,theparentof the
provided triangleat the edit resolutionis found. The dis-
tances%'& , %)( , and %'* to vertices+�& , +'( , and +,* of theparent
triangleare respectively computed.We move eachof the
verticesof this triangle by a (possibly)different amount.
Themovement $�.- of eachvertex is givenby:

$�.-!/102"3 % -
%'&546%7(849%:*<; $�

Thethreeverticesat theedit level aresubsequentlymoved
the amountspecifiedby the $��- . This is a simple heuris-
tic that works well in many casesbut hassomeproblems
associatedwith it. We are currently investigatingother
physically-baseddeformationschemes.

4.1.3 Probe Constraint Modes

The first probeconstraintmodeis slide modewhich con-
strainsthe motion of the probeto lie on the model’s sur-
face.Thismodeis usefulfor “digging trenches”or “raising
ridges”. If the probehasmoved from inside the surface
to outsidethenit is pulled back inside. The resultof this
typeof modelingactionallows theprobeto freely moveon
the surfacewithout leaving it. It canbe ratherdifficult to
pushin high peaksor pull out deepindentationswith this
technique,becausethe probewill tend to slide along the
surfaceratherthanmove the desiredfeature. For this rea-
sonwe alsoallow thesecondprobeconstraintmodecalled
stick modewhich attachesthe probeto a point on the sur-
face.Thismodeconstrainstheprobeto asinglepointonthe
model. It is usefulfor creating“bumps”or “indentations”.
Thebarycentriccoordinatesof thesurfacecontactpoint rel-
ative to its triangleat thestartof thedeformationarestored
andat eachframeof userinput until the endof the defor-
mationthosecoordinatesareusedto determinethecontact
point. Notethatin eitherof thesetwo cases,theprobeis not

constrainedsuchthat theusercannotmove it in any direc-
tion. It is merely“attached”to themodeldifferentlyin each
of thetwo modes.

4.1.4 Haptic Display with Deformations

Certainextensionsto H-Collide werenecessaryin orderto
allow for real-timeshapechange.Typically for hapticdis-
playoneneedsto know if thepositionof theprobebetween
thelastframeandthecurrentframehaspassedthroughthe
surfacein ordercomputea surfacecontactpoint. However,
sincetheuserwould like to make indentationsandbumps,
contactsmustalsobedetectedfor thetime-varyingsurface
which existsduringaneditingdeformation.

Pushingon the surfacedoesnot presentany problems
since the probe is always in contact with the surface.
Pulling, on the otherhand,presentsa problembecauseas
soonastheuserstartspulling, theprobedetachesfrom the
surfaceandthereis no contactpoint. To allow pulling, we
first updatethemeshwith thegeometricchange.Thenthe
tip of theprobeis movedto acontactingpositionbackwards
alongits line of movementuntil it is onceagainin contact
with the surface. This keepsthe probein contactwith the
surfacefor thedurationof apulling deformation.

4.2 Haptic Painting

inTouch allows an artist or designerto paint directly onto
thesurface.Similar to [JTK � 99], we use3-dof hapticdis-
play to facilitatethis process.However, whereas[JTK � 99]
usedaNURBSrepresentation,oursystemallowstheuserto
paint ontoan arbitrarypolygonalmesh.H-Collide is used
to display the meshand establishthe point of contactof
the PHANToM probewith the surfaceof the object. The
probeis then usedas a virtual paintbrushwith the user’s
preferredbrushsize, color, and falloff. The brushsize is
stretchedrelative to the amountof force beingappliedby
the stylus. This is similar to the mannerin which a real
paintbrushappliesmorepaint to thesurfacetheharderit is
pressedagainstthesurface.

4.2.1 Brush Function

Whenpainting the surface,eachupdateto the probe’s lo-
cationis addedto the currentbrushstroke. Let =3> be the
distancefrom theclosestpoint on thestroke to thepoint ?
beingshadedon the surface. Let =A@ be the radiusof the
strokeat thatclosestpoint. It is typically obtainedby inter-
polatingbetweentheradiusof thestrokeat two consecutive
updateswhencomposingthestroke. In our system,a point? on thesurfacewithin thebrushradius = @ (definedby the
brushsize,andtheforceappliedto thesurfaceby theuser)
is coloredwith thebrushfunction:B /C0D0 = >=A@ ;

E  F" ; *



G / G @ � B 4 G > � 0H"3 B ;
where I is a userspecifiedfalloff rate,

B
is the intensityof

thepaintatpoint ? ,
G @ is thecurrentpaintcolorselectedby

theuser,
G > is the color thatwaspreviously paintedat the

point ? , and
G

is the resultingcolor that smoothlyblends
thetwo colors

G @ and
G > . It is easyto substitutein a more

complex andcreativebrushfunctionif sodesired.

4.2.2 Painting with Brush Functions

Now thatit hasbeenestablishedhow wedefinethecolor for
a point on thesurface,thequestionarisesasto whatpoints
we arepainting,andhow they aredisplayed.Hanrahanet
al. [HH90], assigncolorsto vertices. In order to paint in
detail,this requiresthemeshto besubdividedinto tiny mi-
cropolygons.Sincewe would like to allow theusersto in-
teractivelypaintonthesurfacein veryfinedetailontriangle
meshescomposedof only tensof thousandsof triangles,we
usetexturemaps.

Johnsonetal. [JTK � 99] alsousedtexturemaps,but they
simply find theperimeterof thebrushandperforma flood
fill in imagespace.Thisapproachdoesnotwork for abrush
function as explainedin [HH90], since“the distortion of
thebrushis acomplicatednon-linearmappingto parameter
spaceandcannotbe easilyapproximated”.The approach
in [HH90] performs3D painting with a mousein screen
space.The problemof mappingthe brushfunctioncanbe
avoidedby takingadvantageof thehardwaremappingfrom
parameterspaceto screenspace. However, this doesnot
work for oursystemsincetheuseris freeto movethevirtual
paintbrushin threedimensions,expectingit to paintinto the
tangentspaceof thesurface(just likea realpaintbrush).

inTouch avoids theproblemof mappingthebrushfunc-
tion by doing a standardscan-conversionin texture space.
2D edgeequationsarecomputedin texture spacefor each
trianglewithin thebrushradius.Usingtheseedgeequations
andthetriangle’s locationin 3D, a planeequationis estab-
lished.This planeequationis usedto incrementthe3D lo-
cationfor eachtexel duringthescan-conversion.Hencethe
brushfunction canbe appliedto eachtexel in the triangle
basedon its 3D location.

4.2.3 Establishing the Textures

If thetrianglemeshcomeswith texturemapsalreadyon it,
thentheabovemethodworkswithout any problem.Unfor-
tunately, this is typically not the case.Several researchers
have alreadysuggestedapplying texture mapsto triangle
meshes[FDHF90]. Someof thesetechniquesareautomatic,
butmostareuserassistedsuchas[MYV93]. Themostcom-
mon problemof texture mappingis to find a way of map-
ping a setof giventexturesontoa modelsuchthat they do
not look distorted. Sincewe arecreatingthe texturesen-
tirely by painting,thendistortionwill notbeaproblem.The

surfacecurvaturedoesnotmatter. Wemusthoweverensure
that thereis a high enoughtexel persurfaceareacoverage
for detailedpainting.

5 Prototype Demonstration

inTouch is a proof-of-conceptprototypesystemfor vali-
dating the usefulnessof a haptic interfacefor 3D model-
ing and painting. We are in the processof refining and
improving the systemand have not yet performedan ex-
tensive userstudy. We plan to conducta thoroughuser
study in the near future. However, more than 10 novice
userswith little experiencein usingmodelingor painting
systemshave beenable to usethis systemto generatein-
terestingpaintedmodelswith little training (less than 15
minutes).We have chosennoviceusersasthey have no bi-
asedpreferenceor preconceivednotionsin usingany mod-
eling or painting systems. Due to spacelimitation, vari-
ous modelscreatedand paintedby inTouch are shown at
http://www.cs.unc.edu/˜geom/inTouch/.

All the userswereasked what featuresof haptic inter-
facesthey likeandwhichpartof oursysteminTouch canbe
furtherimproved.Herewebriefly summarizethecomments
from ourusers:� Thehapticinterfaceprovidesgoodtactilefeedbackfor

3D paintingon themodelsurface.Many userslike the
easeandsimplicity of paintingdirectly ontoa polygo-
nalmesh.� Several userslike the capability to easilymodify the
global shapeof the model, while still being able to
createdetailedfeatures.This is due to the choiceof
subdivisionsurfacesfor multiresolutionmodeling.� For detailedmodelingandpainting,somenoviceusers
complainedabout the muscle fatigue in holding up
their armfor a long time while usingthePHANToM.
We conjecturethat this is mostly due to the bad er-
gonomicsdesignof ourhaptictablesetup.Morestudy
needsto beconducted.� Thoughthe current implementationof our modeling
andpaintingtoolsarelimited in theircapability, acom-
pletesuiteof modelingandpaintingtoolsbasedonthis
systeminterfaceseemdesirable.� Severalof our usersexperiencedsomedifficulty asso-
ciatingthehapticdisplaywith themonoscopicdisplay,
dueto the lack of depthcuein 2D screenprojection.
Whenwe added3D stereoscopicdisplay, theproblem
wasalleviated.

6 Summary and Future Work
inTouch providesinteractive multiresolutionmodelingand
painting capabilities using an intuitive haptic interface.



Hapticdisplayovercomeslimited modesof interactionpro-
vided by traditional 2D interfacessuchas mice and key-
boards,andallowstheartistsanddesignersto freelyexpress
their creativity by asenseof touch.

There are several interesting researchareasthat we
would like to pursue:� Experimentingwith two-handed,multi-user and/or

distributed haptic interactionand conductinga thor-
oughuserstudy on different UI paradigmsfor mod-
elingand3D painting.� Integratinga 6-degree-of-freedom hapticdevice with
thesystem.This would createmoreinterestingbrush
functionsby appliedtorque,andaddawholenew level
of usability to modelingby twisting andotherspecial
effects.� Exploringotherfunctionsto mapthecontactlocation
andthedirectionof appliedforceto vertex movement
at theedit level.� Adding a completeartistic suite of brush functions
similar to thepopular2D paintingprogramstoday. In-
troducingtheability to cutandpastetextureimagesin
surfacespacedirectly.
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