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Abstract

Desktopcomputers capableof renderinghigh-�delity,
three-dimensionalgraphicshavelongbeenusedfor thede-
velopmentof virtual worlds.Typicalinteractionwith virtual
worldsoccurs in fully immersivevirtual realitysystemsthat
make useof complex spatial inputs,but such inputsare not
easily replicatedwith a keyboard and mouse. We present
theconceptof avatarmanipulationasa metaphorfor inter-
actingwith virtual worldson desktopcomputinghardware,
andweexplainthebene�tsof thismetaphorovertechniques
that require knowledge of keyboard and mousecommands
for interaction.Basedon our ideas,weexplain an example
implementationof the conceptthat we havewritten called
PySim,a plug-in to VRJuggler. We thenreview our imple-
mentationandproposeimprovementsfor futureversions.

1 Intr oduction

Virtual reality (VR) haslong offeredmany possibilities
for new waysto interactwith computers.VR is character-
izedby theuseof three-dimensional(3D) graphicsrendered
by oneor morecomputersto createinteractive, immersive
spaces.Wewill referto suchspacesasvirtual worlds.

Interactionwith virtual worldscanoccurusingmany dif-
ferent con�gurationsof computing,rendering,input, and
display hardware. We will focus on two classesof hard-
ware con�gurations: fully immersive systemsand desk-
top systems. Fully immersive VR systems�ll the user's
�eld of view with stereoscopicimagesand provide input
mechanismssuchas gloves and wandsthat usually have
six-degree-of-freedom(6DOF) position trackers attached.
Glovescanmeasuregesturesand the positionsof �ngers;
wandstypically provide one or more buttonsfor discrete
on/off inputs.More complex input devicesusedin special-
purposeenvironmentsincludeairplanecockpitsanddriving
controlsfrom automobiles. Input coming from thesede-
vicescanbebrokendown into commoncategoriesinclud-
ing position,digital, andanalog.In general,immersive VR

systemsmake useof complex spatialinputsin aneffort to
simulatereal-world interactions.

DesktopVR systems,on theotherhand,normallymake
useof traditionaldesktopcomputinginput devices,i.e., the
keyboardandmouse.Thekeys on a keyboardcanbecon-
sidereddigital inputs,ascanthe buttonson a mouse.The
motionof themousecanbeinterpretedastwo-dimensional
analoginput. Keyboardstypically have a few “modi�er”
keys (SHIFT, CTRL, andALT on standardpersonalcom-
puter 101-key layouts in the United States)that can be
pressedto augmentor altertheinterpretationof anotherkey,
thepressof amousebutton,or themovementof themouse.
Neitherthemousenorthekeyboardisdesignedfor thetypes
of spatially oriented,multi-modal input describedabove,
but gooddesktopinteractionis importantbecausethedevel-
opmentof virtual worldsmayhappenprimarily with sucha
con�guration.

Fully immersive VR systemsare often very expensive
whencomparedto thecostof asingledesktopsystemcapa-
bleof renderinghigh-�delity 3D graphics.As such,a facil-
ity may have oneor two immersive systemsin additionto
many non-immersive graphicsworkstations.Dependingon
demand,schedulingtime to useimmersive VR equipment
may be very competitive, andwork shouldnot ceasesim-
ply becausethequeuefor theimmersivesystemis long. In-
stead,it shouldbepossibleto makeuseof graphicsworksta-
tions,bothat work andat homefor creatingvirtual worlds.
In orderfor this to beeffective,however, it mustbepossible
to mimic theinputsof theimmersivesystemusinginputde-
vicesavailableon thedesktop—usuallythemouseandthe
keyboard.

To providesuchfunctionality, someVR softwaretoolkits
includea featurecalleda simulator thatallows input from
themouseandkeyboardto beinterpretedasthoughit were
comingfrom someotherdevice. For example,key presses
could be usedto changethe gestureof a glove or the po-
sition of a trackeddevice, andmousebuttonpressescould
beinterpretedaspressingbuttonsonawand.Thisprovides
applicationdeveloperswith ameansto testtheir interaction
in thevirtual world without requiringcontinuousaccessto
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afully immersiveVR systemwith its variousinputdevices.
In our discussionof interactionwith a VR systemsim-

ulator, we will usetheconceptof anavatar asa represen-
tation of a humanbeingin an immersive VR system. We
describehow manipulationof anavatarin adesktopsetting
using the mouseand keyboardcan provide commonspa-
tial inputswithin the virtual world. The spatialinput will
becomplementedby graphicaluserinterfacecontrols(wid-
gets) to providedigital andanaloginputs.Basedonthis,we
presentan implementationof our ideathat is a plug-in re-
placementfor theVR Juggler1 OpenGLsimulator, anOpen
Sourcesoftware framework for the developmentof cross-
platform,cross-VRsystemimmersiveapplications[1].

2 RelatedWork

In this section,we presentrelatedwork in two areas:
simulationof immersive VR systemswith desktophard-
ware andmanipulationof 3D graphicswith 2D input de-
vices.Theformeris aspecialcaseof thelatter, but from the
latter, we cangain inspirationfor waysto simulateimmer-
sive VR systems.In particular, we areinterestedin manip-
ulatorcontrolsfor 3D objects.

2.1 CAVE Library Simulator

The CAVE library simulator software [2], part of the
CAVElibTM softwarewritten to supporttheoriginal CAVE
[3], allows the developmentof VR applicationson graph-
icsworkstations.Thesoftwaresimulatesthecommoninput
devicesusedwith immersive VR systemsto allow interac-
tion with the virtual world usingthe keyboardandmouse.
By hiding the detailsof the VR hardware,the sameappli-
cationcodecanbeexecutedon thedesktopasin a CAVE,
head-mounteddisplay, or otherVR systemcon�guration.

In theCAVE library simulator, a representationof auser
is placedinto thevirtual world by renderingtheuser'shead
andawandas(disconnected)3D objects.Thesimulatorof-
fersa perspective view into thesceneanda view from the
user'shead.Usersmanipulatethesimulatedheadandwand
througha setof pre-de�nedkeyboardandmousecontrols.
TheCAVE librarysimulatorisnotascon�gurableastheVR
Jugglersimulatorinterface2, but thatdoesnot imply a limi-
tationof theCAVE library simulator. On thecontrary, once
a userlearnsthe CAVE library simulatorcontrols,thereis
no needto learnthemagain becausethereis only onepos-
siblecontrolcon�guration. More speci�cally, themouseis
alwaysusedto translateandrotatethesimulatedwand,and
themousebuttonsprovide digital buttonpresses.Thekey-
boardis usedto manipulateheadandcameramovements.

1http://www.vrjuggler.org/
2Wepostponedetaileddiscussionof theVR Jugglersimulatorinterface

until Section4 to providemoredirectcomparisonsof it with ournew work.

Direct manipulationof the graphicalobjectsrepresenting
the headand wand with the mouseis not supported. In-
stead,thekeyboardandmouseinteractionform pre-de�ned
commands,andthesoftwaretranslatesthecommandsinto
controlsfor the headandwand. As we will discusslater,
theCAVE library simulatorusesa syntacticmodelof inter-
action.

To aid theuser's understandingof theactualVR device
asit relatesto thevirtual world, thesimulatordrawsanout-
line of theprojectionsurfaces;it limits theareain whichthe
simulatedusercanmove basedon thephysicaldimensions
or trackedareaof theVR system;andit canrestrictthevis-
ible areabasedon a �eld of view setting. The restricted
movementis anespeciallyinterestingfeaturebecauseit al-
lows usersto know aheadof time what canbe reachedin
their virtual world withoutnavigation.

2.2 Thr ee­DimensionalObject Manipulators

Commercial3D modeling and computer-aided design
(CAD) softwarepackagesareuseddaily ongraphicswork-
stationsto createand manipulate3D objects. Speci�c
tools includeMayaR
 by Alias|WavefrontTM , 3DS MaxTM

by Discreet,MultiGen Creator, andthePro/ENGINEERR

productsfrom PTC.Eachof thesepackageshasinterfaces
for interactingwith 3D informationusing2D input devices
that have beenre�ned over many productcycles. Further-
more,they aredesignedfor usewith commonwindowing
systemssuchastheWindows R
 graphicaldesktop,andthus
they normally offer familiar widgetsand 2D interactions
similar to otherdesktopsoftware.

In creatingsimulatorsfor immersive VR, we candraw
inspirationfrom thesetools. While in modelingandCAD
software,theusermanipulatestheobjectsdirectly, in a VR
simulator, theusermanipulatesavirtual personwho in turn
interactswith objects. Manipulationof that virtual person
couldbedoneusingcontrolssimilar to thoseusedfor mod-
elingsoftware.

3 Concept

Immersive systemsoffer a wide variety of methodsfor
usersto interactwith computers. In order to simulatean
immersive VR systemwith desktopdevices,theremustbe
someway to get user input to the virtual world. While
the low-level details of how keyboard and mouseinputs
aretranslatedto variousVR input types(position,digital,
glove, etc.) vary greatlybetweensimulatorsoftwarepack-
ages,thegoalis thesame.Namely, input is deliveredto the
applicationthat representswhat a humaninteractingwith
an immersive systemwould provide. In otherwords, the
simulatorinterfaceprovidesa meansto positionpartsof a
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virtual human,usuallytheheadandhand(s),andto change
valuescomingfrom acollectionof inputdevices.

In VR, representationsof humansin a virtual world are
commonlyknown asavatars [4]. While avatarscanbeap-
plied to humansandto autonomousentities,we will con-
centrateon avatarsthatprovide accuraterepresentationsof
humanbeingswith articulatedlimbs. Basedon this,wede-
�ne our conceptof avatarmanipulationasa metaphorfor
VR systemsimulatorinteraction.

To manipulatean avatar, we have two options: a syn-
tacticmodelor a semanticmodel. Thesyntacticmodelin-
volveskeyboardandmousecontrols(commands)suchas
thoseusedby theCAVE library simulatoror theVR Juggler
simulatorinterface.Thesecommandstranslateinto manip-
ulationsof theavatarandsimulateddevices.

Alternatively, we could use a semanticmodel where
usersfocuson higher level goalssuchasobject selection
andmanipulation.For example,theuserwouldclick on the
headof the avataranddrag the mouseto move the body.
Clicking on the handanddraggingwould evoke a similar
responseby moving the chosenhandrelative to the loca-
tion of thebody. In a situationwhereobjectselectionis the
user's goal,theusercouldclick on thedesiredobjectin the
3D scene,andtheavatarcouldmove its handautomatically
to point in thedirectionof theobject.This would causein-
directmanipulationof theavatarvia directmanipulationof
the targetobject. Whethertheobjectis selectedwithin the
virtual world would dependon theapplication.For exam-
ple,anapplicationthatallowsselectionof remoteobjectsby
castinga ray from thewandwould marktheclickedobject
asselected.An applicationthat requiresintersectionwith
thetargetobjectmight requiretranslationof theuser'sbody
or navigationin thevirtual world in orderfor thewandand
theobjectto intersect.

In an interfacewherethe goal is representinga human
in a virtual world, we areinterestedin theuseof a seman-
tic modelas the foundationfor the interaction. Basedon
Shneiderman's object-actioninterface(OAI) model[5], we
identify high-level conceptssuchasmove (taskaction)the
avatar hand(task object) or open(task action) the virtual
car door (taskobject). For avatarmanipulation,we focus
on tasksrelatingdirectly to thebodyof theavatar. Actions
suchasmanipulatingarbitraryobjectsin the 3D sceneare
beyondthecurrentscopeof thiswork.

In an immersive VR system,the positionsof the user's
headandhand(s)arenormally tracked to give a roughap-
proximationof the user's overall body positionandorien-
tation. More advancedcon�gurationstrackmany pointson
theuser's bodyto give moreaccurateinformation.With an
articulatedavatar basedon a skeletal model, we have the
potentialfor manipulatingmany pointson theavatarbody.
We will addressonly theheadandhandsheresincethat is
suf�cient for a typical VR tracker con�guration. Thus,the

taskobjectsaretheavatarheadandhands.
Taskactionsfor thesetaskobjectsinvolve manipulating

themto changetheir positionandorientationin six degrees
of freedom.Thus,we canbreakour taskactionsdown into
translationandrotationof the taskobjects. In the caseof
the CAVE library simulatorandthe VR Jugglersimulator,
this is preciselythe functionality provided. Both lack the
formalizedrepresentationof anavatar, but thebasicprinci-
ple exists throughtheemulationof theuser's trackedhead
thetrackedwand.

4 Existing Simulator Interaction

Beforeexplainingtheadditionsmadeto VR Jugglerfor
our research,we explain the key elementsof its existing
simulatorinteractioncapabilities.In particular, weexamine
how thosecapabilitiesrelateto theconceptspresentedin the
previoussection.Weconcludethissectionwith a review of
fundamentaluserinterfaceprinciplesasthey areor arenot
implementedin theexistingsimulatorcon�guration.

Thebasicsimulatorcon�guration3 for anOpenGL-based
VR Jugglerapplicationis shown in Figure1. This con�gu-
rationis characterizedby threecomponents:

1. A separatelycontrolledcameralooking into thescene,
the positionandorientationof which canbe manipu-
latedby theuser.

2. A cyanellipsoid,shown in Figure2(a),with two small
spheresrepresentingthesimulateduser's headandthe
user's left andright eyesrespectively. Prior to any user
interaction,theeyesfaceawayfrom thecamerasothat
theheadpointsalongthenegative Z axis.

3. A greenrectangularprism,shown in Figure2(b),with
aslantedtop representingthesimulatedwand.

Theheadandwandprovidearudimentaryavatar, thoughno
bodyis presentto completetherepresentation.A glovesim-
ulation componentis alsoincluded,but it is not discussed
in detailhere.

While this is a highly �e xible tool capableof simulating
position,digital, analog,andgloveinputs,it hasmany prob-
lems. For example,typical con�gurationsdo not constrain
themovementof theheadandwand,thusallowing thewand
to moveanarbitrarydistanceaway from theheadin any di-
rection.If we assumethatthephysicalwandwould always
beheldin theuser'shand,thisdoesnotprovideanaccurate
representationof a humanmoving his or herhandto reach
for anitem. Furthermore,it is easyfor usersto losetrackof

3In Figure 1, we see the single-window con�guration wherein all
mouseand keyboardinput is deliveredto the graphicswindow directly.
Othercon�gurationswith multiple windows arepossible,but they arenot
shown here.
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Figure 1. Standar d VR Juggler sim ulator con­
�guration for OpenGL applications

(a)Head (b) Wand

Figure 2. Basic sim ulator con�guration com­
ponents

Key Press Result
8 Move headforward
2 Move headbackward
4 Move headleft
6 Move headright
7 Move headup
9 Move headdown

Table 1. Common head translation contr ols

thewandpositionentirely, thuseliminatingany possibility
of continuedinteractionwithout restartingthe application
or resettingthesimulatorstate.

Thoughtherearewaysto work aroundsomeof theafore-
mentioneddif�culties, thereis a more fundamentalprob-
lem. Namely, theexistingsimulatorcontrolsemploy acom-
plex syntaxfor effectingchangesin the3D displaywindow.
For example,a commoncon�guration for translatingthe
headis shown in Table1. Six moreinputsareneededto per-
form rotations.All told, each positiondevice (head,wand,
camera,etc.) is controlledby twelve inputs de�ned as a
combinationof key presses,modi�ers, and mousemove-
ments,with eachinput evoking somechangein eitherpo-
sition or orientation. Eachof the threebasiccomponents
itemizedabove usuallyhasseparatecontrols,meaningthat
thereare36 commandsto learn. This could be improved
uponusinga semanticmodelwhereuserscould focuson
directmanipulationof theheador thewandratherthanon
thesyntax[5].

5 Implementation Details

In this section,we discusshow we implementeda re-
placementsimulatorinterfacebasedon theideaspresented
in Section3. In Section6, we will examinehow our new
simulatorcon�gurationcompareswith theexistingversion.
Before describingour simulator interface,we lay out the
initial work doneto extendVR Juggler. This initial work
playsan importantrole in how our implementationworks
andwill beanalyzedfurtherin Sections6 and8.

5.1 Plug­In Ar chitecture for CustomSimulators

To begin, VR Jugglerhad to be extendedto include
a plug-in architectureso that customsimulatorscould be
loadedat run time. Theexisting OpenGLsimulatoractsas
the “default” simulatorto be usedwhena customplug-in
is not available.Thedefault simulatoris compiledinto VR
Jugglerstaticallyratherthanloadeddynamicallyasa plug-
in, soit is alwaysavailable.

For thesimulatorplug-ins,weusethetraditionalcompo-
nentmodelwhereinan abstractinterfacehasconcreteim-
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Figure 3. Class hierar chy for OpenGL draw
sim ulator interfaces

plementationsthatareloadedat runtime[6]. In C++ terms,
this meansde�ning oneabstractclassandcreatinga sub-
classthereofcalleda concrete implementationthat imple-
mentsthe purevirtual methodsof the abstractbaseclass.
Simulatorplug-insare loadeddynamicallyusingstandard
operatingsystemfeaturesfor run-timecodeloading[7].

The basic interface handledby the VR JugglerDraw
Managers is vrj::DrawSimInterface , and all con-
crete implementationscan be treated as instancesof
this interface. VR Juggler has Draw Managers [1]
for different graphicsapplicationprogramminginterfaces
(APIs) such as OpenGL or OpenGL PerformerTM . The
OpenGL Draw Managermakes use of the extension to
vrj::DrawSimInterface calledvrj::GlSimInterface .
Theclasshierarchy for theseinterfacesis shown in Figure
3.

Creatingan OpenGLsimulatorplug-in involvesseveral
steps,andit is importantto understandthatVR Jugglersim-
ulatorsdo more thanrenderthe headandwandsimulator
components.Simulatorsmustactasinput devicesinto the
Input Manager, meaningthat they must be loadedas de-
vice drivers. In this case,the traditionalnotion of a “de-
vice driver” impliessomesortof low-level communication
with a hardware input device, but this is not always nec-
essaryin the scopeof the Input Manager. Instead,the In-
put Managertreatsdevice driversascomponentsthat im-
plementtheabstractinterfacede�ned by gadget::Input .
Thesedevice driversarespecializedfurtherby additionally
deriving from at leastoneof the abstractinput typessuch
asgadget::Digital or gadget::Position . In this way,
any classcan act as a “device driver” that provides input
of oneor moreabstracttypesto the Input Manager. For a

extern “C”
{
GADGET_DRIVER_EXPORT(void)
initDevice(gadget::InputManager* im)
{

new gadget::DeviceConstructor<T>(im);
}
}

Figure 4. initDevice() function for a VR Jug­
gler device driver

simulatorplug-in,theendresultis thatthecustomOpenGL
simulatorclasswill derive from at leastthreeC++ classes:
vrj::GlSimInterface, gadget::Input , andat leastone
abstractinput type.

With the requisiteC++ interfacesimplemented,an en-
try point into theplug-in mustbede�ned. Theentrypoint
is invoked after the plug-in is loaded in order to regis-
ter the plug-in with the Input Managerdynamically. The
entry point must be a C function namedinitDevice()
that returnsnothing and takes a single parameterof type
gadget::InputManager* . Thebodyof this functionis al-
mostalwaysa singlestatement,similar to whatis shown in
Figure4. The type of T mustbe replacedwith the type of
theuser-de�ned devicedriver.

Next, the simulator plug-in must register itself dy-
namically with the OpenGLsimulator factory. This can
occur as part of the static data initialization when the
plug-in is �rst loaded into memory. A macro, named
VRJ_REGISTER_GL_SIM_INTERFACE_CREATOR(), is pro-
videdto simplify this task.It takesasingleargumentthatis
thetypeof thesimulatorplug-inC++ class.

Lastly, acustomcon�gurationde�nition mustbede�ned
for the simulatorso that it canbe con�gured at run time.
Thecompletedetailsof how to dothisarebeyondthescope
of this paper. However, themechanismfor con�guring the
VR Jugglersimulatorwas extendedas part of this work.
In VR Juggler, displaywindows provide the view into the
scene,andeachdisplaywindow may containoneor more
viewports. Thereare two typesof viewports that can be
con�gured: surfaceand simulator. Surfaceviewports are
usedfor physicalprojectionsurfaceswhile simulatorview-
ports are what actually utilize and renderthe VR Juggler
simulator. Eachsimulatorviewport mustbe con�gured to
usea simulatorplug-in. Thedefault con�gurationusesthe
built-in VR Jugglersimulator, but this canbereplacedwith
thecustomcon�gurationfor thesimulator. Thecapabilityto
con�gureany simulatorplug-inwithin asimulatorviewport
representsthelaststepin extendingVR Jugglerto allow the
work presentedhereto bedone.

5



To summarize,thestepsfor creatinga simulatorarethe
following:

� Implementing the interface de�ned by
vrj::GlSimInterface

� Choosingone or more of the abstractinput typesto
act as baseclassesfor properhandlingby the Input
Manager

� Implementing the interface de�ned by
gadget::Input using methods inherited from
thebaseclassabstractinput type(s)

� Implementingtheplug-inentrypoint function

� Calling the macro to register the simulatorwith the
OpenGLsimulatorfactory

� Creatinga con�guration de�nition for the simulator
plug-in

� Con�guring a displaywindow with a simulatorview-
port thatusestheplug-in

5.2 PySimSimulator and the SimGrab Module

Our �rst implementationof the avatar manipulation
metaphoris includedwith a plug-in we call PySim,which
is part of the OpenSourceVR JugglerToolbox4. PySim
is animplementationof theVR Jugglersimulatorinterface
vrj::GlSimInterface , the interface that all OpenGL-
basedsimulatorplug-ins to VR Jugglermust implement.
PySimgoesonestepfurtherby combiningC++andPython
to offer abasicframework into whichPython-basedsimula-
torscanbeintroduced.PySimimplementsall thestepsde-
scribedabove for theC++ aspects,andit providestheabil-
ity for programmersto write straightforwardPythonscripts
thatprovide theactualsimulatorbehaviors andcharacteris-
tics. Wehave implementedonesuchscriptcalledSimGrab,
thedetailsof whicharedescribedbelow.

Basedon Shneiderman's classi�cations[5, p. 68], Sim-
Grabimplementsasimulatorfor �rst-time usersandknowl-
edgeableintermediateusers. The numberof possibleac-
tions is restrictedto meetcertaincriteria,describedbelow,
andwhenever possible,familiar widgetsareusedfor input
(seethebottombarin Figure5).

5.2.1 Goals

In keeping with the principles set forth in well-known
human/computerinteractionliterature,we have striven to
“make thingsvisible” [8, p. 188] andto avoid modalinter-
action[9] whenever possible.Theavatarandthewandare

4http://vrjtoolbox.sourceforge.net/

Figure 5. PySim with SimGrab plug­in

Figure 6. SimGrab analog and digital widg ets

visibleatall times,thoughthemanipulatorcontrolsareonly
visible wheneitherthe avatarbody or the wandis clicked
by the mouse. Onceselected,the individual components
of themanipulatorcontrolsarehighlightedwhenthemouse
movesover themto illustratewhatactioncanbeperformed
at thattime. Furthermore,we have put to useknowledgein
theworld in theform of recognizableUI widgetsfor digital
andanaloginputs. Theseinputs,shown in moredetail in
Figure6, arevisible at all timesat the bottomof the win-
dow andmatchtheuser'scon�gurationfor theirapplication
needs.In this case,theuserhascon�gured theuseof two
slidersfor changinganaloginputsandsix togglebuttonsfor
digital inputs.

5.2.2 Task Identi�cation

We began the designof SimGrabby identifying the most
commontasksfor usersof VR Jugglerapplications,andwe
found that useractivities canbe reducedto the following

6



tasks5:

� Placementof positionaldevices

� Rotationof positionaldevices

� Ray-basedselectionof world objects

� Intersection-basedselectionof world objects

� Pressingandreleasingbuttonswith distincton andoff
states

� Settingvaluesin a continuous,well-de�ned rangeof
�oating-point numbers

Often,theuserwill wishto movetheheador wandto apar-
ticular location,thusplacinga positionaldevice. Theuser
may alsowish to specifya particularrotationfor the head
or wand,thusspecifyingtherotationof apositionaldevice.
Many times, the userwill alsowish to selectan object in
thevirtual world. In this case,thecommontechniquesare
the useof either ray-basedor intersection-basedselection
methods. For ray-basedselection,the usermerely points
the handin the directionof the target object. In order to
performintersection-basedselection,the usermerelyputs
the wandinsidethe target object. In both cases,makinga
selectioncanbebrokendown into thetaskof preciselyposi-
tioning thewand.Theapplicationitself is thenresponsible
for doingtheselectionoperationbasedon theinput.

In additionto thetasksrelatedto thepositionaldevices,
a userneedsto be able to pushbuttonson digital devices
andsetvalueson analogdevices. Theseoperationseasily
map to commonwidgetscurrently usedin most 2D user
interfaces.

5.2.3 Interaction Styles

Theinteractionimplementedin thecurrentversionof Sim-
Grabis oneof directmanipulation[5]. Basedon theidenti-
�ed tasks,welaid outmethodsfor performingdirectmanip-
ulationsof objectsassociatedwith thosetasks.Forexample,
onetaskis translationof thewandheld in theuser's hand,
andthedirect-manipulationinvocationof translationmeans
clicking on thewandanddraggingthemouse.Translation
canoccuralongthreeaxes(X, Y, andZ), but the standard
mousecanonly move in two dimensions.To addressthis,
eachplanehasa manipulatorthat allows translationon it
alone.Thus,to translateanobjectalongtheY axis,theuser
wouldselectthemanipulatorfor theXY planeor for theYZ
plane.

Thetranslationmanipulatorhasvisualindicators,arrows
shown in Figure7, thatshow theuserwhich directionsare

5Notethatnavigationis not includedin thelist becausenavigationis in
thedomainof application-speci�ctasksandis not theresponsibilityof an
immersivesystemsimulator.

Figure 7. Translation manipulator

allowed,andmotionof themouseis followedexactlyalong
theallowedaxes. Further, a semi-transparentplaneis ren-
deredto helpgive theusera morecompletementalmapof
theresultsof moving themouse.

For rotations,a sphericalmanipulatoris provided. De-
pendinguponwheretheuserclicks within thesphere,dif-
ferentrotationoperationscanbeperformed.Fromthecho-
senrenderingof the manipulator, shown in Figure 8, the
usercanclick onthebarsthatwrapthesurfaceof thesphere.
Thesebarsallow rotationaboutoneaxisat a time by drag-
ging themouse.Clicking thesurfaceof thespherewithout
thebarallows more�e xible trackball-stylerotation,acom-
mon interactionmethodin OpenGLapplications[10]. For
knowledgeableintermittentusersof 3D applications,this
interfaceis likely to befamiliar.

Lastly, familiar widgetsareusedfor inputsthat arenot
positionalin nature.Foranaloginput,weprovidehorizontal
sliderbars,andfor digital input,weusetogglebuttons.The
useof togglebuttonsallows multiple buttonsto bepressed
simultaneously. This is importantbecausemany VR ap-
plicationsmake useof multi-button input to increasethe
numberof actionsthatcanbeperformedusingawand-type
device in animmersivesystem.

6 Resultsand Evaluation

With our SimGrabplug-in, we have attemptedto help
usersform anaccuratementalmodel[8] for thetranslation
manipulators.Thedirectionalarrows arerenderedshowing
which directionthemousecanbemoved,andtheplaneof
movementis renderedadjacentto the arrows. Thus,users
canapply spatialreasoningto get a “feel” for what effect
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Figure 8. Rotation manipulator

a given mousemovementwill have with respectto the se-
lectedobject.In effect, theplaneof movementcorresponds
directly to thesurfaceonwhich themousewill move.

Thenumberof digital andanaloginputsis con�gurable
by the applicationauthor using the standardVR Juggler
con�guration system[1]. For the analogvaluesliders,the
minimum, maximum,andstartingvaluescanbe set. This
con�gurability givesSimGrabthe�e xibility necessaryto be
usedwith any existingVR Jugglerapplication.

6.1 Bene�ts

With respectto the original simulatorinterfacefor VR
Juggler, our SimGrabplug-in offers two important,closely
relatedbene�ts:

1. Directmanipulationof taskobjectsinsteadof indirect:
Usersselectthe avatar heador handand manipulate
themwith the mouse. The button andslider widgets
employ directmanipulationto providedigital andana-
log inputsrespectively.

2. Semanticoperationsratherthansyntactic:Throughdi-
rect manipulation,userscan concentrateon task ac-
tionsratherthanon thesyntaxfor how to invoke those
actions.

In modernuserinterfacedesign,theseprinciplesareseenas
improvementsover indirectcommand-drivendesignsof the
past[5].

6.2 Limitations

Thecomplexity of theinputhandlingusedin thecurrent
implementationof thesimulatorcanaffect theframerateof

theapplication.TheOpenGLpickingoperationsfor access-
ing thepositionalinputsarecomputationallyexpensive,and
this maydegradethe framerate. This is especiallysigni�-
cantwhenpicking operationsaredonein responseto each
mousemotion event in order to highlight the manipulator
controlsto indicatethatthey areactive.

Thecurrentversionof thesimulatoronly supportsthree
positionaldevices: the headand the left and right hands.
The userhasno ability to addin a new positionaldevice.
Thislimitation wasdesignedinto SimGrabto helpconstrain
thenumberof positionaldevicespresentedto theuserto the
onesthatmapto thebodyof theavatar.

7 Conclusion

We setout to createa bettersimulatorinterfacefor VR
Jugglerthanwhat is currentlyavailable.Therearetwo key
goalsourresearchtargeted:aneasierto useinterfaceandan
extensiblesimulatorarchitecture.PySimandits SimGrab
plug-indemonstratehow wehaveachievedthesegoals.The
SimGrabinterfaceeliminatesthe needfor a syntacticin-
teractionmodel throughits useof direct manipulation. In
general,interfacesbasedon semanticinteractionmodels
anddirect manipulationareconsideredto be easierto use
thanthoseusingsyntacticmodelsor indirectmanipulation.
PySim is a plug-in to VR Juggler, and PySim itself uses
plug-inswritten in the interpretedlanguagePythonto pro-
vide a greaterdegreeof extensibility and to improve the
ability to do rapidprototypingof new simulatorinterfaces.
Using PySim,programmerscanwrite VR Jugglersimula-
torsentirelyin Pythonandavoid dealingwith thecomplex-
ities of dynamiccodeloading, simulatorregistration,and
simulatorcon�guration.

8 Futur eWork

PySimwasdevelopedasan initial proof of conceptfor
thenew VR Jugglersimulatorplug-inarchitecture.As such,
thereweremany lessonslearned,but thereis roomfor im-
provement.We presenta list of potentialimprovementsin
this �nal section.

8.1 Formal Evaluation

Now thata new simulatorhasbeencreatedfor VR Jug-
gler, a formal userstudywould behelpful to determineits
usabilityandpracticality. We believe that this would aid in
thedevelopmentandre�nementaqualitysimulatorinterac-
tion method.Thisstudymaybeacomparisonto othertools,
possiblyincorporatinga statisticalanalysisbasedon Fitts'
Law [5, 11].
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8.2 PerformanceEnhancements

We canimprove uponthe implementationlimitation re-
lating to picking operations.For example,ray castinginto
thescenewould alleviatetheneedto utilize OpenGLpick-
ing, therebydramaticallyreducingtheimpactonframerate.
Further, someof themathematicaloperationscurrentlyper-
formedin the Pythonplug-in SimGrabcould be moved to
thePySimC++ codeto improve their performance.

8.3 Addr essingExpert Users

As statedearlier, thecurrentapproachof theSimGrabin-
terfaceis aimedat new andmoderatelyexperiencedusers.
Thecurrentdesignof theinterfacedoesnotoffer ef�ciency
enhancementsfor theexpertuser. Wewouldliketo incorpo-
rateshort-cutsfor suchusersso they could take advantage
of their expert knowledge. Theseshortcutswould not in-
trudeon thesemanticdesignfor thebeginninguser. Exam-
plesof short-cutswe would like to addincludekey presses
for quicker objectselectionandanunconstrained3D trans-
lation.
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