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Abstract
Hybrid userinterfaces(UIs) integratewell-known2D userinterfaceelementsinto the3D virtual environment,and
providea familiar andportableinterfaceacrossa varietyof VRsystems.However, their usabilityis oftenreduced
by accuracyandspeed,causedby inaccuraciesin tracking anda lack of constraintsandfeedback. To easethese
dif�culties oftenlargewidgetsandbulky interfaceelementsmustbeused,which, at thesametime, limit thesizeof
the3D workspaceandrestrictthespacewhereothersupplemental2D informationcanbedisplayed.In thispaper,
wepresenttwo developmentsaddressingthis problem:supportiveuserinteractionanda new implementationof
a hybrid interface. First, we describea small setof tightly integrated2D windowswe developedwith the goal
of providing increased�exibility in theUI andreducingUI clutter. Next wepresentextensionsto our supportive
selectiontechnique, IntenSelect.To better copewith a variety of VR and UI tasks,we extendedthe selection
assistancetechniqueto includedirect selection,spring-basedmanipulation,and specializedsnappingbehavior.
Finally, we relatehow the effectiveintegration of thesetwo developmentseasessomeof the UI restrictionsand
producesa morecomfortableVRexperience.

Categoriesand SubjectDescriptors(accordingto ACM CCS): H 5.2 [User Interfaces]:InteractionStyles;I 3.6
[MethodologyandTechniques]:InteractionTechniques;I.3.7[Three-DimensionalGraphicsandRealism]:Virtual
Reality

1. Intr oduction and Moti vation

Pooruserinterfaces(UIs) in virtual environmentshave long
beencitedasoneof themajorfactorspreventingwidespread
acceptanceof Virtual Reality. A signi�cant amountof re-
searchhasbeendevoted to developing new and improved
VR UIs, but a consensushasnot yet beenreachedon what
a goodVR UI is. Onetrendhasbeento focuson usingso-
calledhybridUIs,whichincorporatewell-known2Duserin-
terfaceelementsinto the3D environment,ratherthandevel-
opingentirely3D interfacesusingnew metaphors.Thesein-
terfacesbene�t from thefamiliarity andtheir relative porta-
bility acrossa varietyof VR systems.However, trackingin-
accuraciesandlimitationsonrenderingtext in VR generally
necessitatelargewidgets.Largewidgetsmakefor bulky user
interfaces,whichcanoccludeobjectsin thescene.They also
limit thesizeof the3D workspaceandrestrictwhereother
supplemental2D informationcanbedisplayed.

We primarily employ Virtual Reality asa meansfor en-
hancingthe interactive scienti�c visualizationanddataex-

plorationprocess.Our applicationsfocuson the visualiza-
tion andcontrol of (real-time)simulationsof physical pro-
cesses,andCloud Explorer [GPK� 05], which is illustrated
in Figure 1, is currently our main applicationof interest.
The goal of this applicationis to facilitate cumuluscloud
life-cycle studies.Large datasetsresult from atmospheric
simulations,from whichvariousinformationmodalitiesand
featuresare extracted in an off-line preprocessingphase.
Theresultingdatacanbe interactively exploredin a virtual
environment,suchas our Virtual Workbenchsetup,which
is equippedwith tracked glasses,stylus and a transparent
acrylichand-heldpanelcalledthePlexiPad.

During the courseof developing this andotherapplica-
tions,we increasinglycameacrosssituationsthatwarranted
2D input, 2D output, or both. Our existing UI solutions,
namelyprimitive buttons,sliders,andgraphs,werenot able
to meetall of our requirements.They werepromising,but
they suffered from the commonproblemsof being overly
large and in�e xible. In addition,they often remainedfrus-
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Figure 1: Overview of theoriginal CloudExplorer, our ap-
plication for cumuluscloudlife-cyclestudies

trating to interactwith, even after improving tracker regis-
trationandtheuseof passive hapticfeedbackon theWork-
benchsurfaceor the PlexiPad.To addresstheseissues,we
developedtwo strategiesin parallel:animprovedinteraction
techniqueandanimprovedhybrid interface,which we then
successfullyintegrated.

Theremainderof this paperis organizedasfollows: �rst
we describesomeprevious work in the �eld of hybrid in-
terfacesandinteractionassistance.In Section3 we describe
our work on the hybrid interfaces,followed by the exten-
sionsof the interactiontechniquein Section4. Finally, we
describethecombinationof thesedevelopmentsanddiscuss
our resultsandfuturework.

2. Relatedwork

Windowsandwindow-likeconstructshaveappearedin VEs
for many years,and more examplesappearin the litera-
ture thanarelisted here.Oneearly exampleis from Fisher
etal. [FMHR86], where information windows and recon-
�gurable control panelsarebrie�y mentioned.Otherearly
work focusedon importing X Windows into VEs through
the useof bitmaps[FMHS93], texturedpolygons[Dyk94],
and specializedwidget toolkits [AS95a, AS95b]. This ap-
proach,however, favors the useof a suite of existing 2D
applications,whichneedonly minimalcommunicationwith
the VE application,e.g. receiving mouseevents.Another
popularwindow metaphorhasbeenthehand-heldwindow.
Thesehavebeenimplementedfor augmentedreality[SG97],
head-mounteddisplays [AS95a, BHB98, LSH99a], work-
benches[SES99,dHKP02], andusinga3ComPalmPilotin a
CAVE-like environment[WDC99]. This approachis tightly
integratedinto the VE, andtypically usesa pen-and-tablet
metaphorfor userinput. The window is �x ed to the panel,
though,andit limits theuserto oneactivewindow ata time.
Cuppensetal. [CRC04] andLarimer andBowman[LB03]
havemadetwo recentattemptsatmorecomplete2DUI solu-
tionsfor VEs. Cuppensetal. specifytheir UI via XML and

provide interactionvia a PHANToM device for a pen-and-
tabletmetaphor. They currentlylimit theUI to menus,tool-
bars,anddialogs.LarimerandBowmanfocusonCAVE-like
environmentsby placing their windows tangentto a user-
centeredsphere.Theirwindowing library buildsonanexist-
ing GUI toolkit, andit relieson ray-castingfor interaction.

Variousapproachesare usedto alleviate the dif�culties
in interactionwith (small/2D) interfaceelementsin a VE.
The useof (passive) hapticfeedbackandconstraintslimits
theusersactionsto match3D locationof theelements.The
useof physical surfacessuchas the projectionscreenof a
workbenchor a tracked handheldpanel[SG97] areexam-
plesof placeholderswhich provide passive feedback.User
testsby Lindemanetal. [LSH99b] indicatethattheaddition
of passive-hapticfeedbackfor usein preciseUI manipula-
tion taskscansigni�cantly increaseuserperformance,and
that usersprefer this type of operation.In [FK05, Osa05]
the Control-Displayratio of the interactionis changeddy-
namically, and user's movementsare scaleddown to sup-
port small andpreciseinteraction.As this approachaffects
theco-locationof the interactiondevice in thevirtual envi-
ronmentsthis solutionis mainly limited to nonsee-through
HMDs.

Selection-by-volume techniquesare used for selecting
small objects,which are dif�cult to select using regular
direct- or ray-basedselection[Dan05, LG94]. Thereare,in
general,two approachesfor singlingout anobjectbetween
many (cluttered)objectsin aselectionvolume,whichis usu-
ally thecasein groupeduserinterfaceelements.Thedistinc-
tion canbemadeexplicitly by theuser, for exampleby us-
ing a menu[Dan05] or a selectionsweepto singleout one
item [SP04]. Theserequirea switchof interactionmode(or
extra buttons),which is not desirablefor menuor widget
operation.The other approachis the use of scoring met-
rics to automatethe determinationof the bestscoringob-
ject [SRH05, LG94]. As thesemetricsare calculatedon a
per-framebasis,they arehamperedby thesametrackingin-
accuraciesandhandjitter thatmakeregularinteractiontech-
niquesso dif�cult. In the IntenSelecttechnique[dHKP05]
theseper-framescoresareaccumulatedover time for each
object.As a resulta dynamic,time-dependentobjectrank-
ing with historyis constructed.Thehighestrankingobjectis
indicatedby snappingthebendingselectionray to it.

3. Windowsand Widgets

Windows in virtual environmentscanserveastoolsfor both
inputandoutput.Dialogboxesandtool barsarecommonex-
amplesof input windows, andthey have beenimplemented
in VE applicationssuchas[CRF97,vTRvdM97]. Two exam-
plesof outputwindows in VEs includea mapof anairplane
interior [AS95a] anda simpleclock [LB03]. 2D input func-
tionality is oftenusedfor systemcontrol,suchasenablingor
disablingmodesin theVE, andsymbolicinput, suchasen-
tering numbers.Virtual environmentsincorporating2D in-
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Figure 2: A window, left, with (from left to right) informa-
tion, title, windowshade, andhidewidgetsin thetitlebar and
a sizingwidget in thelower right-handcorner. On theright,
thesamewindowis picturedin windowshademode.

putelementsaretermedhybrid interfaces.2D output,on the
otherhand,isusedtoprovideadditionalrelevantinformation
aboutthe VE. If doneproperly, this helpsuserslearnmore
abouttheVE [BWH99]. Virtual environmentswith suchin-
formationarecalledinformationrich.

Whendevelopingour hybrid interface,we tried to meet
severalgoals.We wantour interfaceto betightly integrated
into theVE to facilitatebi-directionalcommunication,thus
eliminatingthebarrierbetween“information rich” and“hy-
brid interface”. Our primary VR setupis a Virtual Work-
benchso our solutionmustwork well with it. The UI ele-
mentsshouldnotbeunreasonablylargebecauseareintended
to besupplementalratherthantheprimaryfocus.Theinter-
faceshouldbe intuitive to use.Thereshouldnot be a limit
on thenumberof windows visible,andtheusershouldhave
controloverwhereandwhichonesarevisible.Thewindows
andwidgetsshouldbenatively renderedin 3D for aesthetics,
readability, andto take advantageof thesuggestedincrease
in accuracy provided[LST01].

In the remainderof this section,we presentthe speci�cs
of our implementation.Wedescribethewindows, themodi-
�cations to theexistingwidgets,andtherelevantmotivations
behindthedecisionswemade.

3.1. Windows

Figure2 illustratesthe basicwindow we cameup with. It
featuresa title barwith familiar widgets,a bodyarea,anda
sizingwidget.Thewindow is renderedasgeometrywith the
window body being �at, while the borderandwidgetsare
3D. This givesbettervisual cueswhen the button widgets
arepressed,andit allows for directselectionof thewidgets
by placing the stylus tip inside of them.The window has
its own 3D coordinatesystemto allow for 3D contentto be
attachedto it or placedon it, andit takesadvantageof the
stencil buffer to allow 2D contentto be overlayedonto it.
As the window is resized,the componentsmustbe moved
andresizedratherthanrescaledto avoid awkwardstretching
effects.

Wedesignedthewindowsto be�x edto aparticularplane
in space.Within the plane,they canbe moved andresized,
dependingon the window, as if it were on a 2D desktop.

Figure3: Thefour possibletitle bar locations.

Translationperpendicularto the planeor rotation is disal-
lowed to preserve the likenessto traditional2D interfaces.
For our purposes,we �x windows ontotwo planes:thesur-
faceof the Workbenchandthe planeof our PlexiPad. The
Workbenchsurface has the advantageof being the focus
planewhile the PlexiPad canbe moved out of sight by the
userwhenit is not needed.Furthermore,they both provide
optionalpassive hapticfeedback,which hasbeenshown to
beboth intuitive to learn[BHB98] andto speedcertain2D
tasks[LSH99a]. In other systems,other planesmay make
moresense,suchasthewalls in aCAVE-likeor PowerWall
system.

Thewindow in Figure2 hasa title bar, four title barwid-
gets,andasizingwidget.However, they areall optional,and
it neednot have any of thesewidgetsif they arenot neces-
sary. Thesizingwidget,asthenamesuggests,is usedto re-
sizethewindow. Theremainingtitle barwidgetsarethein-
formationwidget, the title widget, thewidget,andthehide
widget. The informationwidget displaysextra information
aboutthe window. The title widget shows a captionfor the
window, canbe usedto move the window around,or both.
Thewindowshadewidgethidesthe bodyof thewindow so
only thetitle baris visible,andthenshows thebodyagain if
usedtwice(seeFigure2). Thehidewidgethidesthewindow.

Wehavemadeit possibleto placethetitle baronany side
of thewindow. SeeFigure3. Thishastwo advantages.First,
in systemssuchastheWorkbench,the useris closerto the
bottom of the window. With the title bar at the bottom, it
is not obscuredby any potential3D contentin thewindow,
andit is closerat handif the userwishesto move the win-
dow. Secondly, whenthewindow is in windowshademode,
the title bardetermineswherethewindow “popsout”. This
allows for windows to be arrayedaroundthe edgesof the
Workbenchor thePlexiPadin aconvenientmanner, andonly
restoredwhentheir functionalityis needed.

3.2. Widgets

Our windows make useof bothour setof existing 3D wid-
gets,anda new setof widgetsthataremorewindow aware.
We have alsoextendedsomeof our existing widgetsto take
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Figure4: A windowwith a button,a slider, a visibletooltip,
andthestandard windowwidgets.

advantageof the windows. Figure 4 illustratesa window
with a buttonfrom our old widgetset,a sliderfrom thenew
widgetset,andatooltip.To usetheexistingwidgets,adevel-
operneedonly placethemin thewindow's coordinatesys-
tem at an appropriatelocation.The new widgetsmay only
beplacedon windows or in their title barsbecausethey oc-
casionallyinform thewindow abouttheir state.

Oneof theimportantnew widgetsis thetooltip. We have
includedit becauseit helpsaddresstheproblemof VE clut-
ter. Text mustbe reasonablylarge to be legible in a virtual
environment,andit is oftenachallengeto think of adescrip-
tivecaptionfor menuitemsor buttonsthatis nottoolong.At
the sametime, experienceduserswill not have muchneed
for overly descriptive captionsas they arealreadyfamiliar
with thecommandsavailableto them.With tooltips,smaller
buttons,sometimeswith anicon insteadof text, canbeused
therebysaving both spaceandnot leaving the novice user
stranded.Tooltips can be easily associatedwith all of the
new widgets,andthe older widgetshave beenextendedto
provide themaswell, if deemednecessary. Figure 4 illus-
tratesthetooltip for abuttonbeingshown.

3.3. Dialogs

In 2D UIs, dialogsor dialog boxesarecommonlyusedto
requestinput from theuser. A familiarexampleis thedialog
box to opena �le. Dialog boxeshave alreadyfounda home
in virtual environmentsaswell. Both [LB03] and[CRC04]
incorporatedialog boxesfor the purposeof in�uencing the
environment.Wehaveconstructedtwo simpledialogboxes,
whichareillustratedin Figure5.

The �rst is a simplecolor picking dialogbox. It usesthe
HSL color modelto allow the userto interactively selecta
color. Shedoessoby separatelymoving awidgetto pick the
hueandsaturationandawidgetto pick thelightness.As she
manipulatesthewidgets,they areconstrainedto theappro-
priateplaceson thewindow, andtherectangleat thebottom
of thewindow updatesto show thecurrentlyselectedcolor.
We draw the color wheel and lightnessbar with fragment

Figure 5: Dialogs: Color picker (left) and numericentry
(right).

shadersto give the userthe freedomto make the dialog as
largeor assmallassheprefers.

Theseconddialogis asimplenumericentrydialog.When
placedon a device suchasthePlexiPad,theuserhasready
accessto it only at thosetimeshefeelsheneedsit. In Cloud
Explorer, thisdialogis usedto allow theuserto selectapar-
ticular cloudby its identifyingnumber.

3.4. The Graph Window

Thenew graphwindow from CloudExplorer(Figure6) is an
exampleof awindow that“puts it all together”.Whenevera
cloud in the dataset is selected,a graphwindow is shown
with informationaboutthatcloud.Thewindow hasmany of
the normalwidgets,but it alsohastwo extra title bar wid-
gets.Thesewidgetsaddor removegraphsfrom thewindow.
A numberof plotscanbeselectedto displayin eachgraph.
AsCloudExplorerruns,theuserbrowsesthroughtimein the
dataset,andthesliderupdatesto re�ect thecurrentsimula-
tion time,aswell asthelimits of theplayback.Furthermore,
theusercandirectly adjustboth limits andthecurrenttime
stepfrom thegraphwindow.

4. Supporting Interaction in VR

Resultsof our previoususertestindicatedthatselection-by-
volumetechniquesandIntenSelectcanimproveobjectselec-
tion performance,especiallyin dif�cult situationswhereob-
jectsweresmall,moving andcluttered[dHKP05]. Although
theselectiontechniquewasoriginally designedwith thedy-
namicnatureof dataobjectssuchasusedin CloudExplorer
in mind,someof its propertiesprovedto beveryusefulin the
fastcontrol of small andcluttereduserinterfaceelements.
Thescoringmechanismallowedeasyintegrationof moread-
vancedfeatures,whichwehaveusedto supportmoreelabo-
rateinteractiontasksin realVR applications,speci�cally in
thecaseof interfacecontrol.

c
 TheEurographicsAssociation2006.



G. deHaan,E. J. Grif�th, M. Koutek& F. H. Post/ Hybrid Interfacesin VEs:IntentandInteraction

Figure 6: The graph window features bi-directional com-
municationandextra title bar widgets.Graphsareaddedor
removedby picking theup or downwidgetsin the title bar.
Theplots shownin each graph are selectedfrom a dialog
which popsup whenthe button widget to the lower left of
each graphis picked.

Figure 7: ScoringMetric: Selectionsphere combinedwith
theselectioncone(2D section)

4.1. Transition betweendir ectand remoteinteraction

In near-�eld VR setups,suchasourWorkbench,oftenamix
of directandremoteinteractiontechniquesareused.Remote
interactiontechniquesareusedto interactwith objectsthat
areout of (comfortable)reachof the user's arm and inter-
action device. For example,virtual objectsthat are placed
undertheglasssurfaceor nearthescreenedgesarenot eas-
ily selectedwith direct techniques.However, direct interac-
tion techniquesin particularbene�t from co-locatedinterac-
tion andpassive hapticfeedbackfrom thePlexiPadandthe
Workbenchsurface.Direct interactionis neverthelessalso
hamperedby handjitter, trackinginaccuraciesandcalibra-
tion errors.To combinethebene�tsof directinteractionand
supportive selectionwe have extendedour IntenSelecttech-
nique to supportdirect interaction.We a useselection-by-
volumeapproachto provide a fuzzy preselectionof theob-
jectsthatmight beof interest.In thecaseof remoteinterac-
tion we usea cone-shapedvolumeto accomplishthis. For
direct selection,we usea spheresurroundingthe tip of the
interactiondevice. In this selectionspherewe alsoapply a
scoringmetric to assignscoresto objects.Thecombination
of the scoringmetricsresult in a single ranking list based
on accumulatedscore.In this way, both remoteanddirect

Figure 8: SelectionVolumes:The selectionsphere (direct
interaction)combinedwith theselectioncone(remoteinter-
action)

interactioncanbeperformedwithout ever switchingthe in-
teractiontool.As shown in Figure7, bothscoringmetricsare
mergedto allow aseamlesstransitionof thescores.Wehave
emphasizedthedirectscoringvalue,whichresultsin nearby
(directly selected)objectsbeing preferredby the selection
mechanism.In Figure8, we show thevisible selectionvol-
umesof boththedirectandremotescoring.Theradiusr and
coneopeningangleb aredeterminedbeforehand,basedon
the systemcon�guration regarding tracking resolutionand
sizeof theVE.

4.2. Snappingbehavior

Whenan active object is highlightedby the useof our se-
lectiontechnique,theray bendsandsnapsto a certainpoint
on theobject.For scenarioswhereonly selectiononaobject
level is relevant, this snappingpoint is only useful for vi-
sualfeedback.In ourpreviousimplementation,thesnapping
point of an objectwasde�ned as the origin of the bound-
ing volumeof an object,which is usually the centerpoint
of theobject.In somecaseshowever, othersnappingpoints
mustbe provided. Oneof the more importantcaseswhere
sucha snappingpoint is needed,is objectmanipulation.In
thatcase,thesnappingpoint de�nesanorigin of interaction
aroundwhich theobjectis transformed.We will discussthe
manipulationin the following section.Anotherscenariois
theuseof anexactsnappingpoint in informationpanelsor
controls,wherethe snappingpoint on a surfacetriggersan
informationquery(e.g.colorpickingdialog).

In our currentimplementationwe now alsoprovide user-
de�ned andray-intersectionsnappingpointsfor usein inter-
actiontoolsandwidgets.Whenray-basedsnappingmodeis
de�ned for an objectandrankshigheston the scoringlist,
a regular ray intersectiontestis performedon thepolygons
of the active object. If an intersectionis found, this point
is usedasthe snappingpoint (similar to ray-casting).If no
intersectionis found,eithera�x edor thelastavailablesnap-
pingpointcanbeused.Figure 9 depictsthethreevariations
in snappingmodes.Althoughstill in earlydevelopment,we
have alsoexperimentedwith nearestintersectionpoint esti-
mationasanoptimalsnappingpoint.
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Figure9: SnappingPoint variations,fromleft to right: Cen-
ter point, (pre-de�ned)�xed point, and ray-basedintersec-
tion point

4.3. Object Manipulation

We have extendedthebasicIntenSelectselectiontechnique
with a manipulationtechniqueto allow straightforwardob-
ject manipulationswith continuousvisual feedback.By
pushingthe stylusbutton, the userseamlesslyactivatesthe
manipulationmodeof thecurrentlyselectedobject.As long
as the userholds the button, the bendingray will remain
snappedto the active object. For default objects,the ma-
nipulation modeenablesthe repositioningand reorienting
of the object.Before startingsuchmanipulation,the orig-
inal spatialtransformationbetweenthe virtual pointerand
theactiveobject'ssnappingpointarestored.Thesubsequent
translationsandrotationsof thestylusarethentransferredto
theobject,similar to ray-basedmanipulationandtheSpring
Tools [KP01]. If the object can perform thesetransforma-
tions unrestricted,the original bendingof the ray will be
maintainedduringmanipulation.

If, however, the object's transformationsare in�uenced
or restrictedby interactionswith theenvironment,theorig-
inal transformationcannotbe (fully) performed.Examples
of thesetransformationrestrictionsinclude implicit object
movement,constraintsor collisions.In thesecases,the re-
sultingobjecttransformationunderall in�uencesis applied,
andtherayis deformedto matchtheobject's �nal pose.As a
result,thebendingof theraywill maintaintheconnectionto
theobject,regardlessof externalrestrictions.In thisway, we
providecontinuousvisualfeedbackto theselectionandma-
nipulationactions.In Figure10, themanipulationsequence
of anobjectis shown. During this manipulation,a collision
preventstheobjectfrom furthermotion,while theray is de-
formedandremainsconnectedto thesnappingpoint on the
object.

4.4. ScoringResponsecontrol

The IntenSelectscoring mechanismgenerallyappliesthe
samescoringmetric to all the objectsin the scene,regard-
lessof theirsize,orientationor movement.Thatis, thesame
scoredeterminationis usedper frame, including the same
scalingparameters,the stickinessand snappiness,usedto
describethe time dependentbehavior of the accumulated
score.In our previous user test, someskilled userscom-
mentedon theimbalancebetweenthesescalingparameters.

Figure 10: Manipulating an object using the �exible ray.
The blue (left) object is unable to move through the red
(right) one, and so the ray mustbe �exible to remaincon-
nectedto theblueobject.

They found that, for easyselectiontasksin non-occluded,
non-clutteredsituations,a larger stickinesswashampering
fastinteraction.This effect wasalsonoticeablein someel-
ementsof our testresults:in thesimplestselectiontaskthe
time-dependentscoringtechniquewas often outperformed
by thesnappier, time-independentversion.As acontrast,the
time-dependentscoringwaspreferredin selectiontasksin
testswhereobjectsweremoving andcluttered.

Wetakeadvantageof thisobservationby introducingspe-
cialized,perobject,scoringbehavior. Thisallowsusto spec-
ify customscoring responseparametersfor thoseobjects
which might bene�t from this.For example,smallandclut-
teredobjectscanbeappointedhigherstickinessto easetheir
selectionanddisambiguation.Duringlocalandpreciseinter-
actionin thisclutteredregion theusergenerallyslowsdown
to selecttheintendedobject.However in regularinteraction
situations,trackingandhandjitter will make the necessary
disambiguationbetweenthe small objectsdif�cult. By in-
creasingthestickinessof theobjects,we effectively smooth
their scoringvaluesover time to compensatefor this. The
scoringmechanismwhich controlsthesnappingbehavesas
alow-pass�lter . As aresult,thebendingraywill, albeitwith
a certaindelay, snapto the highestrankingobjectandwill
remainsnappedfor certainlongerperiodof time while the
user is trying to hold the selection.The delayedselection
causedby thehigh stickinesscanprovide theusersuf�cient
opportunityto trigger the intendedobject.To illustratethis,
Figure11showsthedifferentaccumulatedscoringresponses
whenaconicvolumesweepsthreeadjacentobjectsatacon-
stantspeed.For the higher stickinesssetting,the scoreis
more spreadout, and new objectstake a long time before
reachingthehighestscore.

From this observation andcurrentinformal experiments,
we believe that, ideally, the �ltering propertiesof thescore
accumulationfunctionshouldmatchthecontext of thescene
andthetypeof objects.We arecurrentlyinvestigatingthese
�ltering propertiesin moredetail and,andwe hopeto dis-
cover to whatextentautomatedtuningbasedon scenecon-
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Figure 11: Scoringresponseof three objectsin line: The
scoringresponseparameters in�uence theselectiontiming.
Thehigh stickinesssettingspreadsout the score over time,
providingmore timefor userinteraction.

text canprovide improvementsin variousselectionscenar-
ios.

4.5. Scoring redistribution

In mostVR applicationahierarchy of objectsis usedto cre-
ate complex objectswhile maintaining�e xibility in scene
management.Often not all partsareuseful for selectionor
manipulation,but only aspeci�c objectis. For selection,the
nestedboundingboxesof a treeof objectsandsub-or child-
objectsmight be used,wherethe parentobject's bounding
box containsall the boundingboxesof its children.In our
original IntenSelectscoringmetric we have not taken this
objecthierarchy into account,which canmake theselection
of sub-objectscontainedin otherboundingboxesratherdif-
�cult. In addition,wewanttheselectionof aparentobjectto
beableto trigger theselectionof a subobject.To facilitate
this we provide scoringredirection.Here,thescoringvalue
obtainedby theparentobject(s)in thetreecanberedirected
to someor all child objects.Especiallyin situationswhere
largeobjectshaveonly smallselectableandmanipulablesub
objects,thisredirectioncanbeusedto triggerthesubobjects
onselectionof theparentobject.A usefulexampleof nested
UI elementsonwhichweappliedredistribution,areourwin-
dow andwidgetconstructs,shown in Figure12.

5. Results:Integrating Interaction and Interface

The individual windows, dialogsand control elementsare
constructedfrom regularVR objectsthatwork directlywith
oursupportedinteractionmechanism.To improve theselec-
tion and manipulationbehavior of our interfaceelements,
we usedthe interactionextensionsdescribedabove. In this
sectionwe describethemostnotableintegrationresultswe
obtainedin severalsmalltestapplications.Weconcludewith
adescriptionhow thebulk of thematerialintegratedinto our
CloudExplorerapplication.

Figure 12: Color picking on thePlexiPad: supportedselec-
tion of thesmallcontrollers, while manipulationis dynami-
cally constrained.

5.1. VR SystemCharacteristics

We will brie�y overview the characteristicsof our primary
VR systemusedin thiswork. For hardware,wemakeuseof
a In�tec-basedpassive stereoVirtual Workbenchsetupwith
a 180� 110cm screensizeanda resolutionof 1400� 860
pixels.For trackingwe usea PolhemusFASTRAK electro-
magnetictrackertracking4 devices,eachtrackedinterleaved
at30Hz.Oursystemis poweredby 2 dualIntel XeonLinux-
basedrenderingmachines.On the softwaresideof our im-
plementation,we worked with OpenGLPerformerand an
in-houseVR library. We make useof VRPN for monitoring
ourtrackeddevices,andwehaveimplementedpredictive�l-
teringto helpcompensatefor trackinglatency.

5.2. Snappingand Constraints

In Figure 12, we illustrate the useof constrainedmanipu-
lation in the caseof the color picker dialog. As described
in section3.3, the dialog's two controllerelementscanbe
usedto control the selectedcolor value.The entire dialog
andwindow canberepositionedandresizedin 3D space,in
this caseon thePlexiPad,while thecontrollers'movements
areactively constrainedto their respective control regions.
At theleft of �gure 12, thecontrollermanipulationis limited
to a1D movementover thelightnessbar. At theright of this
�gure, the secondcontroller is manipulatedand restricted
to the circular hue/saturation2D region. In both situations,
if thecontrollermovementis restrictedby constraintbound-
aries,therayisdeformedtomaintainthe�e xibleconnection.
Figure14showsausercontrollingthesesmalldialogsonthe
PlexiPad.As the windows are�x ed to a particularplanein
space,in thiscasethePlexiPad,weusesimilarconstraintson
thewindows duringmanipulation.Oncethewidgetis being
manipulated,the �e xible deformedray will again maintain
its connection,alsoif stylusandPlexiPadaremoved.

As discussed,for someinteractionwe needpreciseinter-
actionon informationpanelsandwindows.To illustratethis
weuseray-basedsnappingmodein thegraphpaneltoextend
thewidgetbasedcontrol (see�gure 13). Userscandirectly
selecta 2D position in the graphlayout, which is used,in
thiscase,for updatingthecurrenttimeslider.
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Figure13: Ray-basedsnappingpointon theGraphwindow
providesprecisea 2D interactionpoint

5.3. Selectionand Readability

Due to tracker miscalibration,the passive haptic feedback
provided by the PlexiPad and the Workbenchdisplay did
not alwayswork asexpected.Althoughthesupporteddirect
manipulationreducedtheseverity of this problem,selection
of small clutteredobjectsremaineddif�cult due to tracker
error. This was doubly the caseif objectswere placedon
thePlexiPad,thusrequiringtwo trackeddevicesto work to-
gether. To helpsolvethisproblem,wecanuseahigherstick-
inesssettingfor smallindividualwidgets,suchasthebuttons
in thenumericinputdialog.Carefulparameterselectionpro-
videsasubtlesmoothingof thejitter for in thesescenarios.

IntenSelectpermitsscalingof widgetsdown to sizesof
only a few screenpixels.On theWorkbenchwe have scaled
down the elementsas far as text legibility allowed. In this
con�guration, the text heighton the buttonswaslimited to
10 pixels,which correspondsto about12mmon our screen,
which is well readable.We mustnotethat thesedimensions
aredependentonthescreenresolutionandviewing distance,
but foremostthe font type andanti-aliasingquality. Using
thesewidgetsizes,we experienceno dif�culty selectingthe
interfaceelements.Manipulationwasalsointuitive andeas-
ily accomplished,but accuratemanipulationat a distance
still relies,to somedegree,on the user's manualdexterity.

5.4. Integration with Cloud Explorer

The useof our new hybrid interfaceand interactiontech-
niquehavemadeasigni�cant differencein theUI for Cloud
Explorer. Figure 15 shows a comparative illustration be-
tweenthe old UI and the new UI. While most of the ba-
sic elementsfrom the old UI remain,they are now much
smallerandeasierto use.Thesizeis critical becauseCloud
Explorer is still in its infancy, and,yet, the interfaceis al-
readyquite cluttered.With the new UI, irrelevant portions
of the interface may be hidden,and variousportionscan

Figure14: WindowsonthePlexiPad: Two-handedinterface
control (seecolorplate)

bemoved to accommodatetheuser's preferences(e.g.left-
handedusers).With the improved interaction,the buttons,
sliders,andcloudsareall easierto use.Weweresurprisedat
how easilythe sliderson the graphwindows, beingaround
15� 15 pixels, could be selectedand manipulatedat dis-
tancesof overonemeter. Direct interactionwith UI elements
is simpleandintuitive in spiteof apersistenttrackermiscal-
ibration.The additionof the numericinput dialog alsoad-
dressesa commonusercomplaintfor selectingcloudsthat
have died out and are no longer visible. Furthermore,the
transitionbetweeninteractingwith theUI elementsandthe
cloudsthemselvesis seamless.

6. Conclusionsand Futur eWork

The use of hybrid interfacesis important in our applica-
tion area:scienti�c visualization.Wehavedemonstratedtwo
techniqueswe developedandintegratedto addresssomeof
thelimitationsof hybrid interfaces.

We implementeda new hybrid interface, which offers
usersalessclutteredandmore�e xible UI. It integratescom-
mandfunctionalityandenrichinginformationin anintuitive
mannerthroughthe useof the familiar windows paradigm.
We make useof constructssuchas tooltips anddialogsto
maintainalightweightUI withoutalienatingthenoviceuser.

Thenew extensionsto ourIntenSelectmethodprovidethe
userwith moreintuitiveandeasyto usetoolsto interactwith
theVE. Theuseof genericscoringmetricsand�ltering pro-
videda�e xible framework for implementingspecialinterac-
tion behavior. Direct selectionandimprovedobjectscoring
makes it easierfor the userto selectobjectsof interestin
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Figure15: A comparativeillustrationbetweentheold CloudExplorer interface(left) andthenew one(right, seecolorplate).

variousscenarios.New objectsnappingandobjectmanipu-
lationtechniquesallow theusertoeffectmeaningfulchanges
in thevirtual environmentwith lesseffort.

We have usedour Cloud Explorerapplicationasan ex-
ampleof thekind of UI that this integrationmadepossible.
Theenvironmentis �lled with anarrayof 3D objectsand2D
UI widgets,andthetransitionbetweeninteractingwith each
is seamless.The UI affords moreroom for the 3D clouds,
while alsogiving theusermore�e xibility to arrangeit to his
or herown taste.Lessrelevantelementscanbepositionedat
theedgesof theWorkbenchwithoutpresentingany dif�cul-
tiesto theuserif hewishesto reador interactwith them.

As theneedfor moreabstractandcomplex interactionand
informationpanelsgrowsin ourexplorationapplications,we
canextendourinterfaceelementsto controlits speci�c inter-
actionbehavior in moredetail.Webelievethattheintegrated
solutionof �e xible interfacesandinteractionsupportallows
us to stretchthe complexity limit of interfacescenariosin
VR, withoutusabilityissuesexploding.

We would like to continueto extendandenhanceour hy-
brid interfacein two ways.First, we would like to develop
new and easierto usewidgets,and offer more intelligent
interfacemanagementand placement.The latter is useful
dueto theerraticbehavior of overlapping2D elements.Sec-
ondly, we would like to usethe interfacein variousscenar-
ios suchasmultiple-linkedviews.Here,theneedfor a con-
venientmethodfor managingglobalstatevariablesthrough
bi-directionalinterfaceelementswill benecessary.

We continueto extend and develop the (mathematical)
foundationsof IntenSelecttowardsimprovedscoringbehav-
ior in varioussituations.As describedearlier, wehopeto dis-
cover to whatextentautomatedtuningbasedon scenecon-
text canprovide improvementsin variousselectionscenar-

ios. Furthermore,we plan to extendour scoringandsnap-
ping mechanismsto facilitate cooperative interaction for
multipleusersandinteractiondevices.

To strengthenour statementson usabilityandlimitations
of our techniques,we plan to �ne-tune parametersandper-
form usertestson a wide varietyof VR systems,of which a
PersonalDesktopVR systemanda largeCAVE-likesystem
arecandidates.
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Figure16: Hybrid Interfaces:Thenew CloudExplorer interfaceconsistsof multipleorganized3D windowsandwidgets(left).
Theinteractionsupportallowstheuseof smallerinterfaceelements.Thesmallcolor picking widgetson thetrackedPlexiPad
arestill usabledespitetracking inaccuraciesandhandjitter (right).
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