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Abstract

Hybrid userinterfaceqUIs) integratewell-known2D userinterfaceelementsnto the 3D virtual ervironmentand
providea familiar and portableinterfaceacrossa variety of VR systemstHowever, their usabilityis oftenreduced
by accuracy and speedcausediy inaccuraciesin tracking and a lack of constaintsandfeedbak. To easethese
dif culties oftenlarge widgetsandbulky interfaceelementsnustbe used which, at thesametime, limit the sizeof
the3D workspacendrestrictthespacewhele othersupplementa2D informationcanbedisplayedIn this paper
we presenttwo developmentaddressingthis problem: supportiveuserinteraction and a new implementatiorof
a hybrid interface First, we describea small setof tightly integrated 2D windowswe developedwith the goal
of providing increasede xibility in the Ul andreducingUI clutter Next we presentextensiongo our supportive
selectiontechnique IntenSelectTo better copewith a variety of VR and Ul tasks,we extendedthe selection
assistanceedniqueto includedirect selection spring-basednanipulation,and specializedsnappingbehavior
Finally, we relate how the effectiveintegration of thesetwo developmenteasessomeof the Ul restrictionsand
producesa more comfortableVR experience

Categgoriesand SubjectDescriptors(accordingto ACM CCSy H 5.2 [User Interfaces]:InteractionStyles;| 3.6
[MethodologyandTechniques]interactionTechniquest.3.7 [Three-DimensionabraphicsandRealism]:Virtual

Reality

1. Intr oduction and Moti vation

Pooruserinterfaceg(Uls) in virtual ervironmentshave long
beencitedasoneof themajorfactorspreventingwidespread
acceptancef Virtual Reality A signi cant amountof re-
searchhasbeendevotedto developing nev and improved
VR Uls, but a consensufiasnot yet beenreachedon what
agoodVR Ul is. Onetrendhasbeento focuson usingso-
calledhybrid Uls, whichincorporatewell-known 2D userin-
terfaceelementsnto the 3D ervironment,ratherthandevel-
opingentirely 3D interfacesusingnen metaphorsThesen-
terfacesbene t from thefamiliarity andtheir relative porta-
bility acrossavarietyof VR systemsHowever, trackingin-
accuraciesindlimitationsonrenderingext in VR generally
necessitatargewidgets.Largewidgetsmale for bulky user
interfaceswhich canoccludeobjectsin thesceneThey also
limit the size of the 3D workspaceandrestrictwhereother
supplementa2D informationcanbedisplayed.

We primarily employ Virtual Reality asa meansfor en-
hancingthe interactve scienti ¢ visualizationand dataex-
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ploration process Our applicationsfocus on the visualiza-
tion and control of (real-time)simulationsof physical pro-
cessesand Cloud 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 datasetsresultfrom atmospheric
simulations from which variousinformationmodalitiesand
featuresare extractedin an off-line preprocessinghase.
Theresultingdatacanbe interactively exploredin a virtual
ervironment,suchas our Virtual Workbenchsetup,which
is equippedwith tracked glassesstylus and a transparent
acrylic hand-heldpanelcalledthe PlexiPad.

During the courseof developingthis and otherapplica-
tions,we increasinglycameacrosssituationsthatwarranted
2D input, 2D output, or both. Our existing Ul solutions,
namelyprimitive buttons,sliders,andgraphswerenot able
to meetall of our requirementsThey were promising,but
they suffered from the commonproblemsof being overly
large andin e xible. In addition, they often remainedfrus-
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Figure 1: Overviav of the original Cloud Exploter, our ap-
plication for cumuluscloudlife-cyclestudies

trating to interactwith, even afterimproving tracker regis-
tration andthe useof passie hapticfeedbackon the Work-
benchsurfaceor the PlexiPad. To addresgheseissueswe
developedtwo stratgiesin parallel:animprovedinteraction
techniqgueandanimproved hybrid interface,which we then
successfullyntegrated.

The remainderof this paperis organizedasfollows: rst
we describesomeprevious work in the eld of hybrid in-
terfacesandinteractionassistancen Section3 we describe
our work on the hybrid interfaces,followed by the exten-
sionsof the interactiontechniquein Section4. Finally, we
describehe combinationof thesedevelopmentsanddiscuss
our resultsandfuturework.

2. Relatedwork

Windows andwindow-like constructdave appearedn VEs
for mary years,and more examplesappearin the litera-
ture thanarelisted here.Oneearly exampleis from Fisher
etal. [FMHR86], whereinformation windows and recon-
gurable control panelsare brie y mentioned.Otherearly
work focusedon importing X Windows into VEs through
the useof bitmaps[FMHS93, textured polygons[Dyk94],
and specializedwidget toolkits [AS953 AS95H. This ap-
proach,however, favors the use of a suite of existing 2D
applicationswhich needonly minimal communicatiorwith
the VE application,e.g. receving mouseevents. Another
popularwindow metaphothasbeenthe hand-heldvindow.
Thesehave beenmplementedor augmentedeality [ SG97,
head-mountedlisplays [AS953 BHB98, LSH994, work-
benche$SES99dHKP0Z, andusinga3ComPalmPilotin a
CAVE-like ervironment[WDC99. This approachis tightly
integratedinto the VE, andtypically usesa pen-and-tablet
metaphorfor userinput. The window is x edto the panel,
though,andit limits theuserto oneactive window atatime.
Cuppenstal. [CRC04 andLarimerand Bowman[LBO03]
have madetwo recentattemptsatmorecomplete2D Ul solu-
tionsfor VEs. Cuppenstal. specifytheir Ul via XML and

provide interactionvia a PHANToM device for a pen-and-
tabletmetapharThey currentlylimit the Ul to menustool-
bars,anddialogs.LarimerandBowmanfocuson CAVE-like
ervironmentsby placing their windows tangentto a user
centeregsphereTheirwindowing library builds on anexist-
ing GUI toolkit, andit relieson ray-castingor interaction.

Various approachesre usedto alleviate the dif culties
in interactionwith (small/2D) interfaceelementsn a VE.
The useof (passie) hapticfeedbackand constraintdimits
the usersactionsto match3D locationof the elementsThe
useof physical surfacessuchasthe projectionscreenof a
workbenchor a tracked handheldpanel[SG97 are exam-
plesof placeholdersvhich provide passve feedback User
testsby Lindemanetal. [LSH99Y indicatethatthe addition
of passve-hapticfeedbackfor usein preciseUl manipula-
tion taskscansigni cantly increaseuserperformanceand
that usersprefer this type of operation.In [FK05, Osa0%
the Control-Displayratio of the interactionis changeddy-
namically and users movementsare scaleddown to sup-
port small and preciseinteraction.As this approachaffects
the co-locationof the interactiondevice in the virtual ervi-
ronmentghis solutionis mainly limited to non see-through
HMDs.

Selection-by-wvlume techniquesare used for selecting
small objects, which are dif cult to selectusing regular
direct- or ray-basedselection[Dan05 LG94]. Thereare,in
generaltwo approachefor singling out an objectbetween
mary (cluttered)objectsin aselectiorvolume,whichis usu-
ally thecasean groupeduserinterfaceelementsThedistinc-
tion canbe madeexplicitly by the user for exampleby us-
ing a menu[Dan0g or a selectionsweepto singleout one
item [SP04. Theserequirea switch of interactionmode(or
extra buttons),which is not desirablefor menuor widget
operation.The other approachis the use of scoringmet-
rics to automatethe determinationof the bestscoringob-
ject [SRHO5 LG94]. As thesemetricsare calculatedon a
perframebasisthey arehamperedy the sametrackingin-
accuraciesindhandjitter thatmalke regularinteractiontech-
niquesso dif cult. In the IntenSelectechniquedHKP0§
theseperframe scoresare accumulatedver time for each
object.As aresulta dynamic,time-dependentbjectrank-
ing with historyis constructedThe highestrankingobjectis
indicatedby snappinghebendingselectiorrayto it.

3. Windows and Widgets

Windows in virtual environmentscansene astoolsfor both
inputandoutput.Dialog boxesandtool barsarecommonex-
amplesof input windows, andthey have beenimplemented
in VE applicationsuchas[ CRF97vTRvdM97]. Two exam-
plesof outputwindows in VEsincludeamapof anairplane
interior [AS954d anda simpleclock[LBO03]. 2D inputfunc-
tionality is oftenusedfor systencontrol,suchasenablingor
disablingmodesin the VE, andsymbolicinput, suchasen-
tering numbers.Virtual ervironmentsincorporating2D in-
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Figure 2: A window left, with (fromleft to right) informa-
tion, title, windowshadgandhidewidgetsin thetitlebar and
a sizingwidgetin thelower right-handcorner Ontheright,
the samewindowis picturedin windowshadenode

putelementsaretermedhybrid interfaces 2D output,onthe
otherhand,is usedo provide additionalrelevantinformation
aboutthe VE. If doneproperly this helpsuserslearnmore
aboutthe VE [BWH99]. Virtual ervironmentswith suchin-
formationarecalledinformationrich.

When developing our hybrid interface,we tried to meet
several goals.We wantour interfaceto betightly integrated
into the VE to facilitate bi-directionalcommunicationthus
eliminatingthe barrierbetweeriinformation rich” and“hy-
brid interface”. Our primary VR setupis a Virtual Work-
benchso our solutionmustwork well with it. The Ul ele-
mentsshouldnotbeunreasonabliargebecausareintended
to be supplementatatherthanthe primaryfocus.Theinter
faceshouldbe intuitive to use.Thereshouldnot be a limit
onthe numberof windows visible, andthe usershouldhave
controloverwhereandwhich onesarevisible. Thewindows
andwidgetsshouldbenatively renderedn 3D for aesthetics,
readability andto take advantageof the suggestedhcrease
in accurag provided[LSTO1].

In the remainderof this section,we presenthe speci cs
of ourimplementationWe describethe windows, the modi-
cations to theexistingwidgets,andtherelevantmotivations
behindthe decisionave made.

3.1. Windows

Figure 2 illustratesthe basicwindov we cameup with. It
featuresatitle barwith familiar widgets,a bodyarea,anda
sizingwidget. Thewindow is renderecasgeometrywith the
window body being at, while the borderandwidgetsare
3D. This gives bettervisual cueswhenthe button widgets
arepressedandit allows for directselectionof the widgets
by placing the stylus tip inside of them. The window has
its own 3D coordinatesystemto allow for 3D contentto be
attachedo it or placedonit, andit takesadwantageof the
stencil buffer to allow 2D contentto be overlayedonto it.
As the window is resized,the componentsnustbe moved
andresizedratherthanrescaledo avoid awkwardstretching
effects.

We designedhewindowsto be x edto aparticularplane
in spaceWithin the plane,they canbe moved andresized,
dependingon the window, asif it wereon a 2D desktop.
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Figure 3: Thefour possibletitle bar locations.

Translationperpendiculato the planeor rotationis disal-
lowed to presere the likenesgo traditional 2D interfaces.
For our purposeswe x windows ontotwo planesithe sur

faceof the Workbenchandthe planeof our PlexiPad. The
Workbenchsurface has the adwantageof being the focus
planewhile the PlexiPad canbe moved out of sightby the
userwhenit is not neededFurthermorethey both provide
optionalpassve hapticfeedbackwhich hasbeenshowvn to

be bothintuitive to learn[BHB98] andto speedcertain2D

tasks[LSH994. In other systemspther planesmay make
moresensesuchasthewallsin a CAVE-like or Pover Wall

system.

Thewindow in Figure?2 hasatitle bar, four title barwid-
gets,andasizingwidget.However, they areall optional,and
it neednot have ary of thesewidgetsif they arenot neces-
sary Thesizingwidget,asthe namesuggestsis usedto re-
sizethewindow. Theremainingtitle barwidgetsarethein-
formationwidget, the title widget, the widget, andthe hide
widget. The informationwidget displaysextra information
aboutthe window. Thetitle widget shavs a captionfor the
window, canbe usedto move the window around,or both.
The windowshadewidget hidesthe body of the window so
only thetitle baris visible, andthenshavs the bodyagain if
usedwice (seeFigure2). Thehidewidgethidesthewindow.

We have madeit possibleto placethetitle baronary side
of thewindow. SeeFigure3. This hastwo advantagesFirst,
in systemssuchasthe Workbench the useris closerto the
bottom of the window. With the title bar at the bottom, it
is not obscureddy ary potential3D contentin the window,
andit is closerat handif the userwishesto move the win-
dow. Secondlywhenthewindow is in windovshademode,
thetitle bardeterminesvherethe window “popsout”. This
allows for windows to be arrayedaroundthe edgesof the
Workbenchor the PlexiPadin acorvenientmannerandonly
restoredvhentheir functionalityis needed.

3.2. Widgets

Our windows malke useof both our setof existing 3D wid-
gets,anda new setof widgetsthataremorewindow aware.
We have alsoextendedsomeof our existing widgetsto take
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Figure 4: Awindowwith a button,a slider, a visibletooltip,
andthe standad windowwidgets.

adwantageof the windows. Figure 4 illustratesa window
with a buttonfrom our old widgetset,a sliderfrom the new
widgetset,andatooltip. To usetheexistingwidgets,adevel-
operneedonly placethemin the window's coordinatesys-
tem at an appropriatdocation. The newv widgetsmay only
be placedon windows or in their title barsbecausehey oc-
casionallyinform thewindow abouttheir state.

Oneof theimportantnew widgetsis thetooltip. We have
includedit becausét helpsaddresshe problemof VE clut-
ter. Text mustbe reasonablyarge to be legible in a virtual
ervironment,andit is oftenachallengeo think of adescrip-
tive captionfor menuitemsor buttonsthatis nottoolong. At
the sametime, experienceduserswill not have muchneed
for overly descriptve captionsasthey are alreadyfamiliar
with thecommandsvailableto them.With tooltips,smaller
buttons,sometimesvith anicon insteadof text, canbeused
therebysaving both spaceand not leaving the novice user
stranded.Tooltips can be easily associatedvith all of the
new widgets,andthe older widgetshave beenextendedto
provide themaswell, if deemednecessaryFigure 4 illus-
tratesthetooltip for a buttonbeingshown.

3.3. Dialogs

In 2D Uls, dialogsor dialog boxes are commonlyusedto
requesinputfrom theuser A familiar exampleis thedialog
boxto opena le. Dialogboxeshave alreadyfounda home
in virtual environmentsaswell. Both [LB03] and[CRC04
incorporatedialog boxesfor the purposeof in uencing the
ervironment.We have constructedwo simpledialogboxes,
which areillustratedin Figureb5.

The rst is asimplecolor picking dialog box. It usesthe
HSL color modelto allow the userto interactively selecta
color. Shedoessoby separatelynoving awidgetto pick the
hueandsaturatiorandawidgetto pick thelightness As she
manipulateghe widgets,they are constrainedo the appro-
priateplaceson thewindow, andtherectangleatthe bottom
of thewindow updatego shav the currentlyselectectolor.
We draw the color wheel and lightnessbar with fragment

Pick a Color

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

shaderdo give the userthe freedomto male the dialog as
large or assmallassheprefers.

Thesecondlialogis asimplenumericentrydialog.When
placedon a device suchasthe PlexiPad, the userhasready
accesdo it only atthosetimeshefeelsheneedst. In Cloud
Explorer thisdialogis usedto allow theuserto selecta par
ticular cloudby its identifying number

3.4. The Graph Window

Thenew graphwindow from CloudExplorer(Figure6) is an
exampleof awindow that“putsit all together” Wheneera
cloudin the datasetis selecteda graphwindow is shavn
with informationaboutthatcloud. Thewindow hasmary of
the normalwidgets,but it alsohastwo extra title bar wid-
gets.Thesewidgetsaddor remove graphsfrom thewindow.
A numberof plots canbe selectedo displayin eachgraph.
As CloudExplorerruns, theuserbrovsesthroughtimein the
dataset,andthe sliderupdatego re ect the currentsimula-
tion time, aswell asthelimits of theplayback Furthermore,
the usercandirectly adjustboth limits andthe currenttime
stepfrom the graphwindow.

4. Supporting Interaction in VR

Resultsof our previous usertestindicatedthatselection-by-
volumetechniquesndintenSelectanimprove objectselec-
tion performanceespeciallyin dif cult situationsvhereob-
jectsweresmall,moving andcluttered dHKPO03. Although
the selectiontechniquewasoriginally designedwith the dy-
namicnatureof dataobjectssuchasusedin Cloud Explorer
in mind, someof its propertiegprovedto beveryusefulin the
fastcontrol of small and cluttereduserinterfaceelements.
Thescoringmechanisnallowedeasyintegrationof moread-
vancedeaturesywhich we have usedto supportmoreelabo-
rateinteractiontasksin real VR applicationsspeci cally in
the caseof interfacecontrol.
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Figure 6: The graph window featules bi-directional com-
municationandextra title bar widgets.Graphsare addedor
remaoed by picking the up or downwidgetsin thetitle bar.
The plots shownin ead graph are selectedirom a dialog
which popsup whenthe button widget to the lower left of
ead graphis picked.

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

4.1. Transition betweendir ectand remoteinteraction

In near eld VR setupssuchasour Workbenchpftenamix

of directandremoteinteractiontechniquesreused Remote
interactiontechniquesare usedto interactwith objectsthat
areout of (comfortable)reachof the users arm andinter-

action device. For example,virtual objectsthat are placed
underthe glasssurfaceor nearthe screeredgesarenot eas-
ily selectedwith directtechniquesHowever, directinterac-
tion techniquesn particularbene t from co-locatednterac-
tion andpassve hapticfeedbackirom the PlexiPad andthe

Workbenchsurface. Direct interactionis neverthelessalso
hamperedy handjitter, trackinginaccuraciesnd calibra-
tion errors.To combinethebene tsof directinteractionand
supportve selectionwe have extendedour IntenSelectech-
nigue to supportdirect interaction.We a useselection-by-
volumeapproachto provide a fuzzy preselectiorof the ob-

jectsthatmight be of interest.In the caseof remoteinterac-
tion we usea cone-shapedolumeto accomplishthis. For

direct selectionwe usea spheresurroundingthe tip of the
interactiondevice. In this selectionspherewe alsoapply a
scoringmetricto assignscoresto objects.The combination
of the scoringmetricsresultin a single rankinglist based
on accumulatedscore.In this way, both remoteanddirect
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Figure 8: SelectionVolumes:The selectionsphee (direct
interaction) combinedwith the selectioncone(remoteinter-
action)

interactioncanbe performedwithout ever switchingthein-

teractiontool. As shawvnin Figure7, bothscoringmetricsare
meigedto allow aseamlesgransitionof thescoresWe have
emphasizethedirectscoringvalue,whichresultsin nearby
(directly selected)objectsbeing preferredby the selection
mechanismin Figure8, we shav the visible selectionvol-

umesof boththedirectandremotescoring.Theradiusr and
coneopeningangleb aredeterminedbeforehandbasedon
the systemcon guration regarding tracking resolutionand
sizeof the VE.

4.2. Snappingbehavior

Whenan active objectis highlightedby the useof our se-
lectiontechniquetheray bendsandsnapdo a certainpoint
ontheobject.For scenariosvhereonly selectiononaobject
level is relevant, this snappingpoint is only useful for vi-
sualfeedbackIn our previousimplementationthesnapping
point of an objectwasde ned asthe origin of the bound-
ing volume of an object,which is usually the centerpoint
of the object.In somecaseshowever, othersnappingpoints
mustbe provided. One of the moreimportantcaseswvhere
sucha snappingpointis neededijs objectmanipulation.In
thatcasethe snappingpointde nesanorigin of interaction
aroundwhich the objectis transformedWe will discusshe
manipulationin the following section.Another scenariois
the useof an exact snappingpointin information panelsor
controls,wherethe snappingpoint on a surfacetriggersan
informationquery(e.g.color picking dialog).

In our currentimplementatiorwe now alsoprovide user
de ned andray-intersectiorsnappingpointsfor usein inter-
actiontoolsandwidgets.Whenray-basedsnappingnodeis
de ned for an objectandrankshigheston the scoringlist,
aregularray intersectiortestis performedon the polygons
of the active object.If an intersectionis found, this point
is usedasthe snappingpoint (similar to ray-casting)If no
intersectioris found,eithera x edor thelastavailablesnap-
ping pointcanbeused Figure 9 depictsthethreevariations
in snappingmodes Althoughstill in early developmentwe
have alsoexperimentedvith nearesintersectionpoint esti-
mationasanoptimalsnappingpoint.
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Figure 9: Snappindroint variations,fromleft to right: Cen-
ter point, (pre-de ned) xed point, and ray-basedntersec-
tion point

4.3. Object Manipulation

We have extendedthe basicintenSelecselectiontechnique
with a manipulationtechniqueto allow straightforvard ob-
ject manipulationswith continuousvisual feedback.By
pushingthe stylusbutton, the userseamlesslyactivatesthe
manipulatiormodeof the currentlyselectedbject.As long
as the userholds the button, the bendingray will remain
snappedo the active object. For default objects,the ma-
nipulation mode enablesthe repositioningand reorienting
of the object. Before startingsuchmanipulation,the orig-
inal spatialtransformationbetweenthe virtual pointerand
theactive objects snappingointarestored Thesubsequent
translationgndrotationsof the stylusarethentransferredo
theobject,similar to ray-basednanipulationandthe Spring
Tools [KPO1]. If the objectcan performthesetransforma-
tions unrestricted the original bendingof the ray will be
maintainedduringmanipulation.

If, however, the objects transformationsare in uenced
or restrictedby interactionswith the ervironment,the orig-
inal transformationcannotbe (fully) performed.Examples
of thesetransformationrestrictionsinclude implicit object
movement,constraintsor collisions.In thesecasesthe re-
sultingobjecttransformatiorunderall in uencesis applied,
andtherayis deformedo matchtheobjects nal poseAsa
result,thebendingof theraywill maintaintheconnectiorto
theobject,regardlesof externalrestrictionsin thisway, we
provide continuousvisualfeedbacko the selectiorandma-
nipulationactions.In Figure 10, the manipulationsequence
of anobjectis shovn. During this manipulationa collision
preventsthe objectfrom furthermotion,while theray is de-
formedandremainsconnectedo the snappingpoint on the
object.

4.4. Scoring Responsecontrol

The IntenSelectscoring mechanismgenerally appliesthe
samescoringmetric to all the objectsin the sceneregard-
lessof their size,orientationor movement.Thatis, thesame
scoredeterminationis usedper frame, including the same
scaling parametersthe stickinessand snappinessysedto
describethe time dependentehaior of the accumulated
score.In our previous usertest, someskilled userscom-
mentedon theimbalancebetweerthesescalingparameters.

Figure 10: Manipulating an object usingthe exible ray.
The blue (left) objectis unableto move through the red
(right) one and so the ray mustbe exible to remaincon-
nectedo theblue object.

They found that, for easyselectiontasksin non-occluded,
non-clutteredsituations,a larger stickinesswas hampering
fastinteraction.This effect wasalsonoticeablein someel-
ementsof our testresults:in the simplestselectiontaskthe
time-dependenscoringtechniquewas often outperformed
by thesnappiertime-independentersion.As a contrastthe
time-dependenscoringwas preferredin selectiontasksin
testswhereobjectsweremoving andcluttered.

We take advantageof this obsenationby introducingspe-
cialized,perobject,scoringbehaior. Thisallows usto spec-
ify customscoring responseparameterdor those objects
which might bene t from this. For example,smallandclut-
teredobjectscanbeappointechigherstickinesgo easetheir
selectioranddisambiguationDuringlocalandprecisenter
actionin this clutteredregion the usergenerallyslowvs down
to selecttheintendedobject.However in regularinteraction
situations trackingand handjitter will make the necessary
disambiguatiorbetweenthe small objectsdif cult. By in-
creasinghe stickinessof the objects we effectively smooth
their scoringvaluesover time to compensatdor this. The
scoringmechanisnwhich controlsthe snappingoehaesas
alow-passilter . As aresult,thebendingray will, albeitwith
a certaindelay snapto the highestranking objectandwill
remainsnappedor certainlongerperiod of time while the
useris trying to hold the selection.The delayedselection
causedy the high stickinesscanprovide the usersufcient
opportunityto trigger the intendedobject.To illustratethis,
Figurellshavsthedifferentaccumulatedcoringresponses
whenaconicvolumesweepghreeadjacenbbjectsatacon-
stantspeed.For the higher stickinesssetting, the scoreis
more spreadout, and nen objectstake a long time before
reachingthe highestscore.

Fromthis obsenation and currentinformal experiments,
we believe that, ideally, the ltering propertiesof the score
accumulatiorfunctionshouldmatchthe contet of thescene
andthetype of objects.We arecurrentlyinvestigatingthese

Itering propertiesin moredetail and,andwe hopeto dis-
cover to what extent automateduning basedon scenecon-
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Figure 11: Scoringresponseof three objectsin line: The
scoringresponsgarametes in uence the selectiontiming.
Thehigh stickinesssettingspreadsout the scoe over timeg,
providing more timefor userinteraction.

text canprovide improvementsin variousselectionscenar
ios.

4.5. Scoringredistribution

In mostVR applicationa hierarcly of objectsis usedto cre-
ate complex objectswhile maintaining e xibility in scene
managementOften not all partsare usefulfor selectionor
manipulationjput only aspeci ¢ objectis. For selectionthe
nestecboundingboxesof atreeof objectsandsub-or child-
objectsmight be used,wherethe parentobject’s bounding
box containsall the boundingboxes of its children.In our
original IntenSelectscoringmetric we have not taken this
objecthierarcly into accountwhich canmale the selection
of sub-objectgontainedn otherboundingboxesratherdif-
cult. In addition,we wanttheselectiorof aparentobjectto
be ableto trigger the selectionof a subobject.To facilitate
this we provide scoringredirection.Here,the scoringvalue
obtainedby the parentobject(s)in thetreecanberedirected
to someor all child objects.Especiallyin situationswhere
largeobjectshave only smallselectabl@ndmanipulablesub
objectsthisredirectioncanbeusedto triggerthesubobjects
onselectiorof the parentobject.A usefulexampleof nested
Ul elementonwhichwe appliedredistritution,areourwin-
dow andwidgetconstructsshavn in Figure12.

5. Results:Integrating Interaction and Interface

The individual windows, dialogsand control elementsare
constructedrom regular VR objectsthatwork directly with
our supportednteractionmechanismTo improve theselec-
tion and manipulationbehaior of our interface elements,
we usedthe interactionextensionsdescribedabove. In this
sectionwe describethe mostnotableintegrationresultswe
obtainedn severalsmalltestapplicationsWe concludewith
adescriptiorhow thebulk of thematerialintegratedinto our
CloudExplorerapplication.
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Figure 12: Color picking on the PlexiPad: supportedselec-
tion of the small contmllers, while manipulationis dynami-
cally constained.

5.1. VR SystemCharacteristics

We will briey overview the characteristic®f our primary
VR systemusedin thiswork. For hardware,we make useof
aln tec-basedpassie stereoVirtual Workbenchsetupwith
al80 110cm screensizeanda resolutionof 1400 860
pixels. For trackingwe usea PolhemusFASTRAK electro-
magnetidrackertracking4 devices,eachtrackedinterleaved
at30Hz. Oursysterris poweredby 2 dualintel XeonLinux-
basedrenderingmachinesOn the software side of ourim-
plementationwe worked with OpenGL Performerand an
in-houseVR library. We make useof VRPN for monitoring
ourtrackeddevices,andwe haveimplementegredictive |-
teringto helpcompensatéor trackinglateng.

5.2. Snappingand Constraints

In Figure 12, we illustrate the use of constrainedmanipu-
lation in the caseof the color picker dialog. As described
in section3.3, the dialog's two controller elementscan be
usedto control the selectedcolor value. The entire dialog
andwindow canberepositionedandresizedn 3D spaceijn
this caseon the PlexiPad, while the controllers'movements
are actively constrainedo their respectie control regions.
At theleft of gure 12, thecontrollermanipulatioris limited
to a 1D movementover thelightnessbar At theright of this
gure, the secondcontrolleris manipulatedand restricted
to the circular hue/saturatior2D region. In both situations,
if thecontrollermovementis restrictedoy constrainthound-
ariestherayis deformedo maintainthe e xible connection.
Figurel4 shavsausercontrollingthesesmalldialogsonthe
PlexiPad. As the windows are x edto a particularplanein
spacein thiscasethePlexiPad,we usesimilarconstraint®on
thewindows duringmanipulation Oncethe widgetis being
manipulatedthe e xible deformedray will again maintain
its connectionalsoif stylusandPlexiPadaremoved.

As discussedfor someinteractionwe needpreciseinter
actionon informationpanelsandwindows. To illustratethis
weuseray-basednappingnodein thegraphpanelto extend
the widgetbasedcontrol (see gure 13). Userscandirectly
selecta 2D positionin the graphlayout, which is used,in
this casefor updatingthe currenttime slider.
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Figure 13: Ray-basednappingpoint on the Graphwindow
providesprecisea 2D interactionpoint

5.3. Selectionand Readability

Due to tracker miscalibration,the passie haptic feedback
provided by the PlexiPad and the Workbenchdisplay did
notalwayswork asexpected Althoughthe supportedirect
manipulatiorreducedhe severity of this problem,selection
of small clutteredobjectsremaineddif cult dueto tracker
error. This was doubly the caseif objectswere placedon
the PlexiPad,thusrequiringtwo tracked devicesto work to-
getherTo helpsolwethis problem we canusea higherstick-
inesssettingfor smallindividualwidgets,suchasthebuttons
in thenumericinputdialog.Carefulparameteselectiorpro-
videsa subtlesmoothingof thejitter for in thesescenarios.

IntenSelecipermitsscalingof widgetsdown to sizesof
only afew screermixels.On the Workbenchwe have scaled
down the elementsasfar astext legibility allowed. In this
con guration, the text heighton the buttonswaslimited to
10 pixels,which correspond$o about12mmon our screen,
which is well readableWe mustnotethatthesedimensions
aredependentnthescreerresolutionandviewing distance,
but foremostthe font type and anti-aliasingquality. Using
thesewidgetsizeswe experienceno dif culty selectingthe
interfaceelementsManipulationwasalsointuitive andeas-
ily accomplishedput accuratemanipulationat a distance
still relies,to somedegree,on the users manualdexterity.

5.4. Integration with Cloud Explorer

The useof our new hybrid interface and interactiontech-
niguehave madea signi cant differencein the Ul for Cloud
Explorer Figure 15 shavs a comparatie illustration be-
tweenthe old Ul andthe new Ul. While most of the ba-
sic elementsfrom the old Ul remain,they are nov much
smallerandeasierto use.Thesizeis critical becauseCloud
Exploreris still in its infang, and,yet, the interfaceis al-
ready quite cluttered.With the new Ul, irrelevant portions
of the interface may be hidden, and various portions can

Figure 14: Windowson the PlexiPad: Two-handednterface
contmol (seecolorplate)

be movedto accommodatéhe users preferencege.g. left-
handedusers).With the improved interaction,the buttons,
sliders,andcloudsareall easielto use We weresurprisedat
how easilythe sliderson the graphwindows, beingaround
15 15 pixels, could be selectedand manipulatedat dis-
tancef overonemeter Directinteractiorwith Ul elements
is simpleandintuitive in spiteof a persistentracker miscal-
ibration. The addition of the numericinput dialog also ad-
dressesa commonusercomplaintfor selectingcloudsthat
have died out and are no longer visible. Furthermore the
transitionbetweeninteractingwith the Ul elementsandthe
cloudsthemselesis seamless.

6. Conclusionsand Futur e Work

The use of hybrid interfacesis importantin our applica-
tion areasscienti ¢ visualization We have demonstratetivo
techniquesve developedandintegratedto addressomeof
thelimitationsof hybrid interfaces.

We implementeda new hybrid interface, which offers
usersalessclutteredandmore e xible Ul. It integratescom-
mandfunctionalityandenrichinginformationin anintuitive
mannerthroughthe useof the familiar windows paradigm.
We male useof constructssuchastooltips and dialogsto
maintainalightweightUI withoutalienatingthenovice user

Thenew extensiongo our IntenSelectethodprovide the
userwith moreintuitive andeasyto usetoolsto interactwith
theVE. Theuseof genericscoringmetricsand ltering pro-
videda e xible framavork for implementingspeciainterac-
tion behaior. Direct selectionandimproved objectscoring
malesit easierfor the userto selectobjectsof interestin

¢ TheEurographic#ssociation2006.
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Figure 15: A compaativeillustration betweerthe old Cloud Explorer interface(left) andthe new one(right, seecolorplate).

variousscenariosNew objectsnappingandobjectmanipu-
lationtechniquesllow theuserto effectmeaningfukchanges
in thevirtual ervironmentwith lesseffort.

We have usedour Cloud Explorer applicationas an ex-
ampleof the kind of Ul thatthis integrationmadepossible.
Theernvironmentis lled with anarrayof 3D objectsand2D
Ul widgets,andthetransitionbetweerinteractingwith each
is seamlessThe Ul affords more room for the 3D clouds,
while alsogiving theusermore e xibility to arranget to his
or herown taste Lessrelevantelementsanbepositionedat
the edgesof the Workbenchwithout presentingary dif cul-
tiesto theuserif hewishesto reador interactwith them.

Astheneedor moreabstracendcomplex interactionand
informationpanelsggrowsin ourexplorationapplicationsye
canextendourinterfaceelementdo controlits speci cinter
actionbehaior in moredetail. We believe thattheintegrated
solutionof e xible interfacesandinteractionsupportallows
usto stretchthe complexity limit of interface scenariosn
VR, without usabilityissuesexploding.

We would lik e to continueto extendandenhanceur hy-
brid interfacein two ways. First, we would like to develop
new and easierto usewidgets, and offer more intelligent
interface managemenand placement.The latter is useful
dueto the erratichehaior of overlapping2D elementsSec-
ondly, we would like to usethe interfacein variousscenar
ios suchasmultiple-linked views. Here, the needfor a con-
venientmethodfor managingglobal statevariablesthrough
bi-directionalinterfaceelementaill be necessary

We continueto extend and develop the (mathematical)
foundationof IntenSelectowardsimprovedscoringbeha-
ior in varioussituations As describeaarlier we hopeto dis-
cover to what extent automateduning basedon scenecon-
text canprovide improvementsin variousselectionscenar

¢ TheEurographic#ssociation2006.

ios. Furthermorewe plan to extend our scoringand snap-
ping mechanismgo facilitate cooperatre interaction for
multiple usersandinteractiondevices.

To strengtherour statement®n usability andlimitations
of our techniqueswe planto ne-tune parameterandper
form usertestson awide variety of VR systemspf whicha
PersonaDesktopVR systemandalarge CAVE-like system
arecandidates.
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Figure 16: Hybrid Interfaces:Thenew Cloud Explorer interfaceconsistsf multiple organized3D windowsandwidgets(left).
Theinteraction supportallowsthe useof smallerinterfaceelementsThesmall color picking widgetson the tradked PlexiPad
are still usabledespitetradking inaccuraciesand handijitter (right).
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