Picking and Snapping for 3D Input Devices
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Abstract. A picking mechanisn{pointingandindicating)with the cursoris essentiafor ary direct-manipulation
application.Thewindowing systemsunderwhich controladirect-manipulatiompplicationruns,providefacilities

thattogethermwith specialutility routinesallow identifying which objectwithin the region the useris pointing at.

Suchpicking algorithmshave beenwidely usedfor selectingobjectsundera 2D mousecursor In this paper we

presentasimpleyet effective application-independe®D picking algorithmfor 3D input devices.We alsodiscuss
adifferentialgeometrybasedsurfaceconstrainthatcanbeappliedto the 3D cursorpositionfor improving points

matching.In orderto demonstrat¢hetechniquestwo sampleapplicationsusinga 3D input device areshawn.

1 Introduction

In almostall direct-manipulatiomraphicssystemsaninter-
actiontask,suchasscalingandrotatinganobject,is built on
top of two basicinteractions:selectingand draggingwith
apointingdevice. Moreover, almostuniversallyacceptable
interactionsyntaxin a windowing systemis selectingan
objectby clicking onit with a mouseanddraggingthe ob-
jectby moving themousein a 2D spacewhile the buttonis
down. Besidesnousesthereis avarietyof complementary
interactiondevices suchasjoystick, trackballsand space-
ballsfor improving the control on the movementof anob-
ject. For example,the joystick is often usedto move an
objectselectedby amouse.

Thedecreasingostof inputdevicesandtheincreasing
computempowerleadto continuingimprovementin interac-
tion devicesbothin precisionandin dimensiorin whichthe
device works. Thereareavarietyof 3D interactiondevices
that provide 3D positionandorientation. Amongthemwe
may mentionthe spacebalt that allows accuratefine po-
sitioning in 3D-space. Even though, the usually recom-
mendedprocedurdor manipulatinganobjectwith aspace-
ballis to pick it with amouseandthendragor rotateit with
the spaceball. This motivatesus to look for application-
independen8D positioningand picking mechanismsvith
which we may performthe two basicinteractionswith the
sameinput device alsoin 3D spacesoasalreadyit is done
in 2D space.

Differentlyfrom theconcepbf 3D cursorgivenby Fo-
ley etal. [4] whichis controlledby a2D cursor Mesquitg[6]
defineda 3D cursorasanextensionof a2D cursor The2D

Ihttp://3dconnexion.com/products/5000/

cursoris the visible representatioon the screerof the 2D
pointing device’s position. Becausethe cursormust fre-
quently have a resolutionof a single pixel, it is of com-
mon practicedesignatingpnesinglepixel of a cursorasthe
hotspot In an analogousway, a 3D cursoris the visible
representationn thescreerof the 3D pointingdevice’s po-
sition andits unprojectedshapein 3D alwayshasa single
hotspotvoxel (volumeelemeny.

FurthermoreMesquita[6] developedanalgorithmfor
emulating 3D positioning functionality for 2D input de-
vices. Two movementmodesare definedon the basisof
thefunctionsdevelopedby Navarroetal. [3]: oneis onthe
zy-planeandthe otheris on the zz-planein the viewing
volume(Figure1). The usercanswitchfrom onemodeto
anotherby simply pressingor releasingthe middle mouse
button. The methodmay appearrestrictve oncethe user
is working in two dimensionsat a time. However, exper
imentswith differentuserslet us concludethat mostusers
canquickly adapto the syntaxof the context switchingand
feelthatthe emulatedpointingdevice movesfreelyin 3D.

Figurel: Emulationof 3D pointingdevices.



In thispaperourfocusis onthe3D pickingmechanism
for input devicescapableof providing an absoluteor rela-
tive positionin 3D space.In otherwords,givena position
in 3D wewouldlik eto determinevhich objectis atthatpo-
sition without resortingto application-dependefiinction-
alities. A 3D snappingalgorithmonthebasisof differential
geometryof the manipulatedsurfaceis alsodevisedfor a
userto positiona pointing device more accuratelyin 3D.
An implementatiorwith OpenGLselectionand pick com-
mandsis presentedand the experimentswere carried out
with useof theemulated3D pointingdevice andthe spaca-
ball 3003.

Inthenext sectionourapplication-independeD pick-
ing algorithmsarepresentedNext, we discusshow we can
control its movementconstrainedo a surface of interest
in 3D. Thenin Section4, we shav how they canbe ef-
ficiently implementedwith useof OpenGL.In Section5,
resultsof applicationof thesealgorithmsto a 3D pointing
device, more preciselythe spacebalB003, are given. We
could successfullydeterminewhich objectit pointsat in
3D andprogramanimaginarygravity field aroundeachex-
isting surfacefor constrainingts movement.Finally, some
concludingremarksaredrawn.

2 3D picking

A 3D picking problemcanbereducedo aproblemof deter
miningtheobjectthatintersectatagivenpointtheeye-ray
fired from the centerof projectionthroughthe pixel's cen-
ter into the unprojectedscene. In principle, this problem
canbe solved by determiningall the objectsthatintersect
theray andperformingpoint-in-solidinclusionteststo find
outwhich objectcontainghespecified3D point (Figure2).
Thisapproachs application-dependentnceit requireshe
application-dependemintinclusiontestalgorithms.

Hotspot of 3D Cursor
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Figure?2: Point-in-solidtestapproach.

As an alternatve, one may reducethe problemto a
one-dimensionaproblemby determiningthe intersection
intervalsalongtheeye-rayfor eachobject. Then,theobject
thatis pointedat canbe obtainedwith a point-in-sgment
inclusiontest(Figure3). This approactis computationally
attractve when z-buffer algorithmis appliedfor visible-

surfacedeterminationin this case the depthvalueof each
pointin theviewing volumeis alwayspassedo the graph-
icshardware. Thereforegatheringandsortingz-coordinate
valuesalongan eye-rayfor definingthe intersectioninter-

valscanbe carriedout without resortingto the application.

Figure3: Point-in-sgmenttestapproach.

If a sceneonly containscorvex objects,the point-in-
sgmenttest can be performedmore efficiently by graph-
ics hardwarethatis capableof returningthe minimumand
maximumz valuesof all verticesthatintersectedhe eye-
ray. In this case,we candeterminewhetheran objectis
picked by drawing it andcomparingthe returnedz values
with the depthvalueof the 3D cursor Figure4 picturesthe
frontandbackfacesof theconeandthespherdahatintersect
theeye-rayonwhichthe3D cursorlies. Thedepthvalueof
the 3D cursorneitherlies in the z-interval of the conenor
in the z-interval of the sphere.Therefore the 3D cursoris
outsideof bothobjects.

Figure4: Improvedpoint-in-seymenttestapproach.

For concare polyhedra the point-in-sgmenttestcan
alsobe performedby graphicshardware.In specialahard-
warestencilbuffer maybeusedto storethe parity counting
of objects’facesandthusdeterminingvhetheragivenpoint
is insidethe objecton the basisof thefactthatif aneyeis
outsideof an object of interestand an eye-ray intersects
theobject,this eye-rayalwaysintersectanevennumberof
points. In this case we canissuedraving commandgo a
graphicshardwarefor drawing only the facesof the object
of interestthat appearat the pixel underthe cursorbefore



(or after) the position of the 3D cursorand inverting the
stencil buffer at this pixel. The cursoris outsidethe ob-

jectif andonly if the numberof inversionss even,i.e.,the
stencil buffer at the pixel underthe cursorshouldremain
unchangedOncethealgorithmis appliedon eachobjectat

time, for the sale of clarity, only the stateof stencilrefering
atorusis shovn in Figure5. It inducesfive discreteinter-

valsfor stencilbuffer: 1 (s1), 2 (s2), 3 (s3), 4 (s4), and5

(s5) alongthepickingray. As only thefacesbeforethe cur-

soraredrawn in the stencilbuffer, the stencilbuffer value
of the pixel in consideratioris even, the 3D cursoris out-

sidethe object. Again, the proceduresxploresthe graphics
hardwarecapabilities.

Actually, stencilingis not a essentialpart of this al-
gorithm. Sincethis methodperformsonly parity checking
usingoperation®f inversionanddoesnot usestencilcom-
parisonfunctions, this featuremay be emulatedwith ary

buffer thatcanbe usedto countpixel overdraw, suchasanPSfragreplacements -

accumulatiorbuffer (by accumulatingheoverlappingrag-
ments)or color buffer via alpha-blendingby usingadditive
blendingof fragments).

Hotspot of 3D cursol

Figure5: Point-in-sgmenttestfor concae objects.

3 3D snapping

In mostcasesto placea 3D cursorexactly on the object
of interestor to constraintits movementpreciselyon the
surfaceof an objectare essentiafor accurateinteractions
with shapes. For example,if we wantto trim a surface,

thenwe wantthe 3D cursorto be on the surfacdzaffrdsgelacements

moving it for defininga trimming curve. A techniquethat
canhelptheseasksis snappingwhich canroundtheactual

position of the pointing device to somemore appropriate

position.

Thesimplestsnappingechniqués grid-snappingalso
known as vertical or horizontalalignments. In this case,
the snappingproblemis reducedto a simple roundingof
the device positionto a point of a specifiedgrid. Thereis,
however, a numberof snappingo an arbitraryshapeprob-
lemsthatcannotbe reducedo vertical or horizontalalign-
ments. To our knowledge,for handlinganarbitraryshape,

the problemis reducedto the computationof the nearest
point on the shape mostof which requirepotentiallytime-
consumingpoint-and-shaper the ray-and-shapéntersec-
tion algorithms.

In this sectionwe presenia novel procedurdor snap-
ping to a smoothcorvex closedsurfaceS on the basisof
two local geometrypropertiesat eachpoint P: the normal
vectorii anda vectora on thetangentplaneof the surface
atP. Theexistenceof a “tangentplane”at all pointsof S
is guaranteedecausef the smoothnesgondition. With
77 andd, we definea snappingeferencecoordinate(SRC)
systemat eachpoint P, SRC(P), using# and# andcon-
siderthatthe 3D cursorlocally “snaps”to this planecalled
snapplane Thatis, its motionis restrictedto this planein
theneighborhoodf P (Figure6)

—
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Figure6: Snappingeferencecoordinatesystem.

The next point on S to be reachedby the 3D cursor
from P; in theworld coordinatg WC) systemis computed
asfollows (Figure7):
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Figure7: Snappednotion.
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1. changethe referencesystemof P; to the SRC(P;)



system;

2. the displacemeni{Au, Av, An) of the 3D cursoris
roundedo (Au, Av, 0.0) andaddedo thecoordinates
of P; = (0,0,0) in SRC(P;);

3. projectthis point parallelonto S in the directionof 7
to obtainP;,4; and

4. changehereferencesystemof P; 1 backto WC.

We may performthe z-buffer visible-surficedetermi-
nationfor gettingthe “n-values”of all the objectsthatare
mappedo the pixel underthe snappedD cursorposition
(u,v) in SRC(P),ncludingthedepthvaluer of thesurface
of interest.

The procedure is repeated after computing the
SRC(P;4+1) referencesystemwith thetwo differentialge-
ometrypropertiesof S at P;1: thenormalvectorandone
directionvectoronthetangentplane.

4 OpenGL Implementation

To be self-containedthe commandgelatedwith the se-
lection and picking mechanismprovided by OpenGLare
briefly describedbeforewe shav how they canbe usedto

implementthe third paradigmgivenin Section2 and par

tially the snappingalgorithmdescribedn Section3. A de-
tailed 2D picking and selectionalgorithm using selection
modeis presente@lsavhere[5].

4.1 OpenGL

OpenGLis designedo support2D and 3D interactive ap-
plicationswithout knowing the windowing specificfunc-

tionsandtheinputevents[5]. It providesaselectiormech-
anismthat automaticallyreportswhich objectsare dravn

inside a specifiedviewing volume; and a picking mecha-
nismthatallows to restrictdrawving to a small viewing vol-

ume,typically nearthe cursorin two modes:G._RENDER

and GL_SELECT. In the GL_RENDER mode, the drawing

commandsreusedto alterthe contentof the framehuffer.

In the G__SEL ECT mode,thedrawing commandsreused
to constructa stackof namesof primitivesof interest.The
contentsof the framehuffer do not changeuntil exiting this
mode.

A viewing volumeis definedby the matricesstacled
in boththemodelviev stackandthe projectionstack.Those
matricescan be built by issuingthe transformationcom-
mandsprovidedby OpenGL.Particularly, a projectionma-
trix thatrestrictsdrawing to a smallregion of the viewport
is createdoy callinggl uPi ckMat ri x() .

To usethe selectionmechanisnof OpenGL,a selec-
tion context mustbe preparedasfollows:

1. Specifythe arraywith gl Sel ect Buf fer () to be
usedfor storingthe objectsthatarein the namestack
andthatappeaiatthe samepixel underthe cursor;

2. Enterinto selectionmodeby specifyingG._SELECT
with gl Render Mode() ;

3. Initialize the namestackof objectsof interestusing
gl I ni t Nanes() ;

4. Define the viewing volume to be usedfor selection
with gl uPi ckMat ri x() and/orotherprojectioncom-
mands It is importantthattheseprojectioncommands
areissuedn theprojectionmodeby specifyingGL _PRO-
JECTI ONwith gl Mat ri xMbde() ; and

5. Issuedrawing commandsand commandgo manipu-
latethenamestack,suchasgl LoadNane() orgl -
PushNane() , sothat eachprimitive of interesthas
anappropriatenameassigned.

When the selectionmodeis exited, suchas switch-
ing to rendermode by specifying G_._RENDER with gl -
Render Mode( ) , OpenGLreturnsa list of primitivesthat
would have intersectedhe givenviewing volume. Theel-
ementsof the list arealsoknown ashit recods. Eachhit
recordconsistof thefollowing items:

1. the numberof nameson the namestackwhenthe hit
occurred;

2. both the minimum and maximumof z valuesof all
verticesof the primitivesthatintersectedhe specified
viewing volumesincethelastrecordechit. Thesetwo
valuesareeachmultiplied by 232 — 1 androundedto
the nearesunsignednteger. This meanghatthe cor-
respondindloating-pointvaluescanberestoredy di-
viding theunsignedvalueby Oxf f f f f f f f ; and

3. the contentsof the namestackat the time of the hit,
with the bottommoselemenfirst.

It isimportantto notethatpicking is usuallytriggered
by aninput pointingdevice andthe viewing volumeshould
be dynamically updatedaccordingto the mouseposition
returnedby the mouseevent handlerfor ensuringthe cor
rectnes®f thelist of picked objects.

OpenGLUtility Library (GLU) includesseveral rou-
tinesthatencapsulat®©penGLcommands Besidegyl u-
Pi ckMat ri x() , therearetwo routinesthathelpsimplify
thecorversionbetweenhebasisof referencesystemsgl u-
Pr oj ect () andgl uUnpr oj ect () . Respectiely, they
transformworld coordinatesnto window coordinatesand
vice-versa.



4.2 Picking

The picking algorithmwe implementeds thethird alterna-
tive presentedn Section2. It exploits OpenGLs selection
modeboth for reducingthe numberof objectsof the scene
which we useto testagainsthe cursorhotspotandfor ob-
tainingthe minimum andthe maximumz valuesof eachof
theseobjectsthatintersectedheviewing volume.
Ouralgorithmwasimplementedasfollows:

1. Setastheparallelviewing volumeonly theregionnear
thecursorlocation.

2. Computethe hit list underthe projectedhotspotus-
ing the standardOpenGL2D picking algorithmasde-
scribedin Section4.1.

3. Projectthe 3D hotspotontothe screerwith gl uPr o-
j ect () to obtainits depthvaluein the parallelview-
ing volume.

4. For eachobijectin the hit list: Comparethe hotspots
z-positionwith the object’s minimum and maximum
depthreturnedby thehit record.The 3D cursoris out-
sidethe objectif the hotspots z coordinateis outside
the object’s depthrange. Otherwise the 3D cursoris
insidethe object.

4.3 Snapping

Becauseof limited graphicspower availablein our labo-
ratory, our implementationof the 3D snappingalgorithm
is mostly application-dependerih the sensethat only the
stepsl and?2 of the snappingalgorithmgivenin Section3
areperformedby OpenGL(a potentialsolutionusingpro-
grammablaraphicshardwareis outlinedin the concluding
remarks). This, however, doesnot compromiseour main
objective whichis to validatethefeasibility of theideapre-
sented:conciseand simpleinterfacebetweerthe graphics
hardwareandthe application-dependemeometricmodel-
ing functionalities.

The algorithm consistsof mappingthe displacement
provided by the input device to the surfacetangentplane
underthe cursorpoint. The cursorpoint andtwo orthogo-
nal directionvectors(tangentandnormal) are provided by
theapplication.A new pointonthesurfacetangentplaneis
calculatedusingthe displacementsa linear combination
of thedirectionvectors.This pointis returnedo the appli-
cation,which shall projectit onthe surface.Theprocesss
repeatedt eachcursormovement.

Thechoicefor two directionalvectorsoverthenormal
plus onedirectionalvectorwas madebecausevith the di-
rectionalvectorswe cancalculatethe new pointin thetan-
gentplaneusinga linear combinationinsteadof applying
affine transformations. This choicerequireslesscalcula-
tion, thusraisingthe efficiency of the snapping.

Thesnappingmplementatiorusescallbackfunctions,
i.e., userregisteredunctionswhicharetriggeredby system
events. We definethree callback functions: two of then
areresponsibldor providing thedirectionalvectorsandthe
otheronefor the projectionof tangentplanepoint ontothe
surface.

4.4 Integration with MTK

The ManipulationToolkit (MTK) is a 3D graphicslibrary
developedontop of OpenGL,aimingat providing asimple
and direct interfaceto the fundamentaloperationsof 3D
graphicsrenderingandinteraction[3, 7]. Our 3D picking
andsnappingalgorithmsareintegratedinto MTK.

MTK is comprisedf themtkCore classandeightin-
dependentabstractlassegFigure8):

e GraphicsModels(mtkDisplayList).
e CameragmtkCamera).

e Lights (mtkLights).

e Selection(mtkSelection).

e Guides(mtkGuide).

e Constraint{mtkConstraint).

e DraggerdmtkDragger).

e 3D Cursorg(mtkCursor).

ThemtkCore coordinatesheinteractionbetweerthese
classedy delegatingrequestsn orderto realizea semantic
action. For example,the Selectionpassego the mtkCore
theidentifier of selectecelementsaandthe methodcamer-
aPointer() in mtkCore is responsibldor decidingwhether
adragger(a pictorial representatioto corvey visual feed-
backto users actions)or a 3D modelshouldbe notified to
handlethesubsequergvents.Insteadf beingself-triggered
in responsdo the useractions,the visual feedbackof 3D
modelsanddraggerss triggeredin responséo theattribute
changedeterminedy applications.

Guidesprovidesadditionaldepthcueswhennecessary
andConstraintcompriseof a setof constrainingunctions
for moving more preciselythe cursorsanddraggersn the
scene.

In comparisorwith the existing graphicdibraries,one
new class,the mtkCursor, was includedin MTK to en-
hance3D interactionsupport. An instanceof Cursorsis
controllablethrougha 2D or 3D input device via the class
mtkxWindow. The 3D picking and snappingalgorithms
areyet additionalfeaturesthatimprove the 3D interaction
facilitiesprovidedby MTK.
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Figure8: MTK framework

5 Sampleapplications

Theimplementedilgorithmsusethespacebalasthe3D in-
put device. The spacebalpermitsrotationandtranslation
movementsin 3D spaceaccordingto the pressurdhe user
appliesonthecontrollersball. Theball sensepressur@ne
appliesto it - pushespulls, twists - andusesthatinforma-
tion to correspondinglymove the objectof intereston the
screen.Pulling up or pushingdown the ball displaceshe
objectin y-direction;pushingto theleft or right will move
it in z-direction;andpushingthe ball away or towardsthe
userwill moveit in z-direction.By simply twisting theball
in ary directionwe canrotatethe objectaboutthex, y, or
z-axis.Combiningall thesemovementspnehave 6 degrees
of freedomover ary objectonthescreen.

Toillustratetheapplicationof the proposedalgorithms
for controlling a spaceballwe developedtwo sampleex-
ampleson top of MTK andGLUT. GLUT is the OpenGL
Utility Toolkit which implementsa simple windowing ap-
plication programminginterface (API) for OpenGLfunc-
tions. For communicationwith spaceballwe developeda
set of functionson the basisof the LibSBall library? as
a idle-event callbackfunctions. Then, whenever the win-
dowing systemis in theidle state this functionis activated,
thecommunications initiatedandtheinput eventsarepro-
cessedatonveniently

5.1 3D Picking

We developeda simple cubematchinggamethat allowed
us to obsene and evaluatethe picking process. A set of
3 pairsconsistingof wireframedand solid cubesare ran-

2http://jedi.ks.uiuc.edu/ johns/projects/libsball

domly placedin thescengFigure9.a). Theusercanmove
the3D cursorin thespacehy pulling andpushingthespace-
ball andselecta 3D modelof interestby pressingheright
button (Figure 9.b). Wheneer an objectis selectedthe
objectandits correspondingvireframeare highlightedin
the samecolor (red, blue or green)andthe subsequenac-
tions on the spaceballre only appliedon it (Figure 9.c).
The goal of the gameis moving spatiallythe selecteccube
throughthespacebalin orderto putit insideits correspond-
ing wireframe(Figure9.d).

(d)
Figure9: Matchingcubesgame.




5.2 3D Snapping

Two applicationswere designedo evaluatethe 3D snap-
ping algorithm. Onethat snapsthe 3D cursoron a sphere
andthe otheron a cube. In eachonethe applicationpro-
grammustcorrectlydeliver the z- andy-directionson the
tangeniplaneat eachpoint P reachedy thecursor3D.

For a spherewe usedthe following procedurdor ob-
tainingthe z— andy-directions[8] at P: we determinethe
two vectorsfrom thecenterO of thesphereOP andON,,
whereN,, is thenorthpoleof thesphere Thez directionis
the crossproductbetweenON, andOP. They direction
is the crossproductof thenormalvectorat P andz.

=T

Figurel10: z- andy-directionson atangentplane.

Figure 11 picturestwo snapshotof the application
programwith the movementof a 3D cursorconstrainedn
thesphere.

Figure11: Snappingonasphere.

Sincetheobjectiveof oursampleprogramss to demon-
stratethefeasibility of ourpurposetheheuristicwe adopted
for handlingtheedgesf thecubeis very simple:we prede-
finedthe z- andy- directionsfor eachof six faces.Hence,
theorientationof displacementenly changevhenthecur-
sor crosseghe edge. Additionally, we choseits adjacent
facefor constraininghe furthermovementof the cursoras
depictedn Figure12.

Figure12: Snappingonacube.

6 Concluding Remarks

We presentedwo direct manipulationtools for three-di-
mensionalgeometryusing3D input devices: a picking al-
gorithmfor pointingandindicatingpolyhedralobjectsand
a snappingtechniquefor smoothcorvex surfaces. Typical
applicationsof suchalgorithmsincludevirtual reality, ge-
ometrymodelingapplicationsandgames.

Our3D pickingis totally application-independerit;is
basedsolelyon simplefunctionalitiesavailableon graphics
hardware. The algorithmis alsorobust, sinceit doesnot
dependon readingz-buffer valuesto determinewhich ob-
jectcontainsthe 3D cursor Thus,it maybewidely usedin
applicationghatrepresentsomplex polyhedralstructures,
makingthework all easietbecauset will notbe necessary
to evaluatesuchstructures.Despiteour implementatioris
for corvex objects,we planto exploit a userdefinedclip-
ping planeand a stencil buffer — thoughary buffer capa-
ble of storinginformationaboutpixel overdraw, including
theaccumulatiorbuffer or evena color buffer with additive
alpha-blendingmay be used- to efficiently checkthe par
ity countingof intersectionsdbetweenthe picking ray and
the sceneobjectsin orderto correctly handlethe concare
objects.

The 3D snappingtechniqueis intendedfor interac-
tively moving a 3D mousecursoron smoothcorvex sur
faces. A differentialgeometrybasedsurface constraintis
usedto decreasdhe costof performingintersectiontests
betweenthe surfaceandthe eye-cursorray, yet improving
points matching. Although the presentedmplementation
still reliesmostly ontheapplicationfor providing pointson
the surfacewhile the 3D cursormoveson it, we weresuc-
cessfulin defining a simple interface betweenthe graph-
ics hardwareandthe application.We shovedthatfor each
pointonly two typesof dataarerequired:thenormalvector
andits orthogonalprojectionon the surface.

We discussedan implementationof the proposedal-
gorithms. Both the picking and snappingalgorithmswere
integratedin the ManipulationToolkit (MTK), a high-level
direct manipulationlibrary using OpenGLand C++. The
3D picking algorithmusesthe OpenGLs selectiormodeto
decreas¢he numberof objectsfor testingthe depthrange,
while stayingapplication-independeniowever, our snap-



ping algorithmis application-dependensjncethe applica-
tion is responsibldor calculatingthe directionvectorsand
intersectiorpoints.

As future work, we intendto exploit programmable
real-timegraphicsprocessinginitsasanalternatve imple-
mentationof the picking algorithmandto extendthe snap-
ping algorithm for using graphicshardware, thus achies-
ing applicationindependenceThe 3D picking may beim-
plementedasa single vertex andfragmentprogram[2] in
whichtheuserdefinedclipping planeis emulatedisingthe
t exki | | shadeiinstruction[1], e.g., on cardsthatdo not
provide supportfor gl C i pPl anes() . In addition,the
snappingalgorithmmay usegraphicshardwareto helpde-
terminingthesurfaces normalsof thepointsprojectedrom
the tangentplanesonto the surface. Insteadof calculating
an exact intersectionof the projectedpoint with the sur
face and then computingthe normal vector, the graphics
hardware may only “snap” the projectedpoint to discrete
surfacepointswith pre-computedhormals.Suchtechnique
is intendedto work with surface mesheghat are capable
of providing predefinedtangentbasisat the meshes'ver-
ticesto the vertex program. For eachdisplacemengvent,
thesnappedbjectmayberenderedn anoff-screenbuffer
with the tangentbasiscomponentstoredascolor compo-
nentsthenreadingbackthe(linearly)interpolatedirection
vectorsfor the pixel thatcorrespondso the displacedpoint
in tangentplanecorvertedto window coordinates.This is
somavhat different from the currentsnappingalgorithm,
sincethe 3D cursorwill snaponly to visible partsof the
geometry However, aswell asthe 3D picking algorithm,
this new algorithmwill betotally application-independent.
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