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Abstract

Desktopcomputes capable of renderinghigh- delity,
three-dimensionajraphicshavelong beenusedfor thede-
velopmenofvirtual worlds. Typicalinteractionwith virtual
worldsoccussin fully immessivevirtual reality systemshat
male useof comple spatialinputs,but sud inputsare not
easily replicatedwith a keyboaid and mouse We present
theconcepbf avatarmanipulationasa metaphoffor inter-
actingwith virtual worlds on desktopcomputinghardware,
andweexplainthebene tsof thismetaphomwovertecniques
that require knowledg of keyboad and mousecommands
for interaction. Basedon our ideas,we explain an example
implementatiorof the conceptthat we havewritten called
PySim,a plug-into VR Juggler. We thenreview our imple-
mentationand proposemprovementgor future versions.

1 Intr oduction

Virtual reality (VR) haslong offeredmary possibilities
for new waysto interactwith computers.VR is character
izedby theuseof three-dimensiondBD) graphicgendered
by oneor morecomputergo createinteractve, immersve
spacesWe will referto suchspacessvirtual worlds

Interactionwith virtual worldscanoccurusingmary dif-
ferent con gurations of computing,rendering,input, and
display hardware. We will focuson two classeof hard-
ware con gurations: fully immersive systemsand desk-
top systems. Fully immersive VR systemsll the users
eld of view with stereoscopiémagesand provide input
mechanismssuch as gloves and wandsthat usually have
six-degree-of-freedom6DOF) position trackers attached.
Gloves can measuregesturesand the positionsof ngers;
wandstypically provide one or more buttonsfor discrete
on/off inputs. More comple input devicesusedin special-
purposeervironmentsncludeairplanecockpitsanddriving
controlsfrom automobiles. Input coming from thesede-
vicescanbe broken down into commoncateyoriesinclud-
ing position,digital, andanalog.In generaljmmersve VR

systemamake useof comple spatialinputsin an effort to
simulatereal-world interactions.

DesktopVR systemspn the otherhand,normally make
useof traditionaldesktopcomputinginput devices,i.e., the
keyboardandmouse.The keys on a keyboardcanbe con-
sidereddigital inputs,ascanthe buttonson a mouse. The
motion of the mousecanbe interpretedastwo-dimensional
analoginput. Keyboardstypically have a few “modi er”
keys (SHIFT, CTRL, andALT on standardoersonalcom-
puter 101-key layoutsin the United States)that can be
pressedo augmenbr altertheinterpretatiorof anothetkey,
the pressof amousebutton,or the movementof themouse.
Neitherthemousenorthekeyboardis designedor thetypes
of spatially oriented, multi-modal input describedabove,
but gooddesktopinteractionis importantbecaus¢hedevel-
opmentof virtual worlds may happerprimarily with sucha
con guration.

Fully immersive VR systemsare often very expensve
whencomparedo thecostof asingledesktopsystencapa-
ble of renderinghigh- delity 3D graphics.As such,afacil-
ity may have oneor two immersive systemsn additionto
mary non-immersie graphicsworkstations Dependingon
demandschedulingtime to useimmersive VR equipment
may be very competitve, andwork shouldnot ceasesim-
ply because¢he queuefor theimmersie systemis long. In-
steadjt shouldbepossibleo make useof graphicswvorksta-
tions, bothat work andat homefor creatingvirtual worlds.
In orderfor thisto beeffective, however, it mustbepossible
to mimic theinputsof theimmersve systemusinginputde-
vicesavailable on the desktop—usuallghe mouseandthe
keyboard.

To provide suchfunctionality someVR softwaretoolkits
includea featurecalleda simulator that allows input from
themouseandkeyboardto beinterpretedasthoughit were
comingfrom someotherdevice. For example,key presses
could be usedto changethe gestureof a glove or the po-
sition of a tracked device, and mousebutton pressegould
beinterpretedaspressingouttonson awand. This provides
applicationdeveloperswith ameango testtheir interaction
in the virtual world without requiringcontinuousaccesgo



afully immersive VR systemwith its variousinputdevices.
In our discussiorof interactionwith a VR systemsim-
ulator, we will usethe conceptof anavatar asa represen-
tation of a humanbeingin animmersive VR system. We
describehow manipulationof anavatarin a desktopsetting
using the mouseand keyboard can provide commonspa-
tial inputswithin the virtual world. The spatialinput will
becomplementetby graphicaluserinterfacecontrols(wid-
get9 to provide digital andanaloginputs.Basedonthis, we
presentanimplementatiorof our ideathatis a plug-in re-
placemenfor the VR Jugglet OpenGLsimulator anOpen
Sourcesoftware framavork for the developmentof cross-
platform,cross-VRsystemimmersve applicationg1].

2 RelatedWork

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

2.1 CAVE Library Simulator

The CAVE library simulator software [2], part of the
CAVEIlib™ softwarewritten to supportthe original CAVE
[3], allows the developmentof VR applicationson graph-
ics workstations.Thesoftwaresimulateshe commoninput
devicesusedwith immersve VR systemdo allow interac-
tion with the virtual world usingthe keyboardandmouse.
By hiding the detailsof the VR hardware,the sameappli-
cationcodecanbe executedon the desktopasin a CAVE,
head-mountedisplay or otherVR systemcon guration.

In the CAVE library simulator arepresentatioof auser
is placedinto thevirtual world by renderingthe users head
andawandas(disconnected}D objects.The simulatorof-
fers a perspectie view into the sceneanda view from the
users head.Usersmanipulatehe simulatecheadandwand
througha setof pre-de nedkeyboardandmousecontrols.
TheCAVE library simulatoris notascon gurableastheVR
Jugglersimulatorinterfacé, but thatdoesnotimply a limi-
tationof the CAVE library simulator Onthecontrary once
a userlearnsthe CAVE library simulatorcontrols,thereis
no needto learnthemagain becausehereis only onepos-
sible controlcon guration. More speci cally, the mouseis
alwaysusedto translateandrotatethe simulatedwvand,and
the mousebuttonsprovide digital button pressesThe key-
boardis usedto manipulateheadand cameramovements.

http://wwwvrjugglerorg/
2We postponaletaileddiscussiorof the VR Jugglersimulatorinterface
until Sectiord to provide moredirectcomparisonsf it with ournew work.

Direct manipulationof the graphicalobjectsrepresenting
the headand wand with the mouseis not supported. In-
steadthekeyboardandmouseinteractionform pre-de ned
commandsandthe softwaretranslategshe commandsnto
controlsfor the headandwand. As we will discusslater,
the CAVE library simulatorusesa syntacticmodelof inter-
action.

To aid the users understandingf the actualVR device
asit relatesto thevirtual world, the simulatordravs anout-
line of theprojectionsurfacesit limits theareain whichthe
simulatedusercanmove basedon the physicaldimensions
or trackedareaof the VR system;andit canrestrictthevis-
ible areabasedon a eld of view setting. The restricted
movementis anespeciallyinterestingfeaturebecausst al-
lows usersto know aheadof time what canbe reachedn
theirvirtual world without navigation.

2.2 Three-DimensionalObject Manipulators

Commercial3D modeling and computetaided design
(CAD) softwarepackagesreuseddaily on graphicswork-
stationsto createand manipulate3D objects. Specic
toolsincludeMayaR by Alias|Wavefront™, 3DS Max™
by Discreet,MultiGen Creator andthe Pro/ENGINEERR
productsfrom PTC. Eachof thesepackagesasinterfaces
for interactingwith 3D informationusing2D input devices
thathave beenre ned over mary productcycles. Further
more, they are designedor usewith commonwindowing
systemsuchastheWindows R graphicaldesktopandthus
they normally offer familiar widgetsand 2D interactions
similarto otherdesktopsoftware.

In creatingsimulatorsfor immersive VR, we candraw
inspirationfrom thesetools. While in modelingand CAD
software,the usermanipulateghe objectsdirectly, in aVR
simulator the usermanipulates virtual personwhoin turn
interactswith objects. Manipulationof that virtual person
couldbedoneusingcontrolssimilar to thoseusedfor mod-
eling software.

3 Concept

Immersie systemsoffer a wide variety of methodsfor
usersto interactwith computers. In orderto simulatean
immersive VR systemwith desktopdevices,theremustbe
someway to get userinput to the virtual world. While
the low-level details of how keyboard and mouseinputs
aretranslatedo variousVR input types(position, digital,
glove, etc.) vary greatlybetweensimulatorsoftware pack-
agesthegoalis thesame .Namely inputis deliveredto the
applicationthat representsvhat a humaninteractingwith
an immersve systemwould provide. In otherwords, the
simulatorinterfaceprovidesa meansto positionpartsof a



virtual human,usuallythe headandhand(s)andto change
valuescomingfrom acollectionof inputdevices.

In VR, representationsf humansn a virtual world are
commonlyknown asavatars [4]. While avatarscanbe ap-
plied to humansandto autonomousentities,we will con-
centrateon avatarsthat provide accurateepresentationsf
humanbeingswith articulatedimbs. Basedon this, we de-
ne our conceptof avatar manipulationas a metaphotrfor
VR systemsimulatorinteraction.

To manipulatean avatar we have two options: a syn-
tacticmodelor a semantianodel. The syntacticmodelin-
volves keyboardand mousecontrols(commands)ysuchas
thoseusedby the CAVE library simulatoror theVR Juggler
simulatorinterface. Thesecommanddranslatento manip-
ulationsof the avatarandsimulateddevices.

Alternatively, we could use a semanticmodel where
usersfocus on higherlevel goalssuchas object selection
andmanipulation.For example theuserwould click onthe
headof the avatarand drag the mouseto move the body.
Clicking on the handand draggingwould evoke a similar
responseéby moving the chosenhandrelative to the loca-
tion of thebody In a situationwhereobjectselectionis the
users goal,theusercouldclick onthedesiredobjectin the
3D sceneandtheavatarcouldmove its handautomatically
to pointin thedirectionof the object. This would causen-
directmanipulationof the avatarvia directmanipulationof
the target object. Whetherthe objectis selectedwithin the
virtual world would dependon the application. For exam-
ple,anapplicationthatallows selectiorof remoteobjectsby
castingaray from thewandwould markthe clicked object
asselected.An applicationthat requiresintersectionwith
thetargetobjectmightrequiretranslatiorof theusers body
or navigationin thevirtual world in orderfor thewandand
the objectto intersect.

In aninterfacewherethe goal is representinga human
in avirtual world, we areinterestedn the useof a seman-
tic model asthe foundationfor the interaction. Basedon
Shneidermais object-actiorinterface(OAIl) model[5], we
identify high-level conceptsuchasmove (taskaction)the
avatar hand (task object) or open (task action) the virtual
car door (task object). For avatar manipulation,we focus
on tasksrelatingdirectly to the body of the avatar Actions
suchasmanipulatingarbitrary objectsin the 3D sceneare
beyondthe currentscopeof this work.

In animmersive VR system the positionsof the users
headandhand(s)arenormally tracked to give a roughap-
proximationof the users overall body positionand orien-
tation. More advancedcon gurationstrack mary pointson
theusers bodyto give moreaccuraténformation. With an
articulatedavatar basedon a skeletal model, we have the
potentialfor manipulatingmary pointson the avatarbody.
We will addresnly the headandhandsheresincethatis
sufcient for atypical VR tracker con guration. Thus,the

taskobjectsaretheavatarheadandhands.

Taskactionsfor thesetaskobjectsinvolve manipulating
themto changetheir positionandorientationin six degrees
of freedom.Thus,we canbreakour taskactionsdown into
translationandrotation of the task objects. In the caseof
the CAVE library simulatorandthe VR Jugglersimulator
this is preciselythe functionality provided. Both lack the
formalizedrepresentationf anavatar but the basicprinci-
ple exists throughthe emulationof the users tracked head
thetrackedwand.

4 Existing Simulator Interaction

Beforeexplainingthe additionsmadeto VR Jugglerfor
our researchwe explain the key elementsof its existing
simulatorinteractioncapabilities In particular we examine
how thosecapabilitiegelateto theconceptpresentedh the
previous section.We concludethis sectionwith areview of
fundamentaliserinterfaceprinciplesasthey areor arenot
implementedn the existing simulatorcon guration.

Thebasicsimulatorcon guratior® for anOpenGL-based
VR Jugglerapplicationis shawvn in Figurel. Thiscon gu-
rationis characterizedy threecomponents:

1. A separatelgontrolledcamerdookinginto thescene,
the positionand orientationof which canbe manipu-
latedby theuser

2. A cyanellipsoid,shavnin Figure2(a),with two small
spheresepresentinghe simulatedusers headandthe
usersleft andright eyesrespectiely. Priorto ary user
interaction theeyesfaceaway from the camerasothat
theheadpointsalongthe negative Z axis.

3. A greenrectangulaprism,showvn in Figure2(b), with
aslantedtop representinghe simulatedwand.

Theheadandwandprovide arudimentaryavatar thoughno
bodyis presento completeherepresentationA glove sim-
ulation componenis alsoincluded,but it is not discussed
in detailhere.

While thisis ahighly e xible tool capableof simulating
position,digital, analog andglove inputs,it hasmary prob-
lems. For example,typical con gurationsdo not constrain
themovemeniof theheadandwand,thusallowing thewand
to move anarbitrarydistanceaway from the headin ary di-
rection. If we assumehatthe physicalwandwould always
beheldin theusers hand,this doesnot provide anaccurate
representationf a humanmoving his or herhandto reach
for anitem. Furthermoreit is easyfor usersto losetrackof

3In Figure 1, we seethe single-windav con guration wherein all
mouseand keyboardinput is deliveredto the graphicswindow directly.
Othercon gurationswith multiple windows are possible put they arenot
shavn here.



| Key Press| Result \

8 Move headforward
Move headbackward
Move headleft

Move headright
Move headup

Move headdown

OINO BN

Table 1. Common head translation contr ols

the wandpositionentirely, thuseliminatingary possibility
of continuedinteractionwithout restartingthe application
or resettinghe simulatorstate.

Thoughtherearewaysto work aroundsomeof theafore-
mentioneddif culties, thereis a more fundamentalprob-
lem. Namely theexisting simulatorcontrolsemploy acom-
Figure 1. Standar d VR Juggler simulator con- plex syntaxfor effectingchangesn the3D displaywindow.
guration for OpenGL applications For example,a commoncon guration for translatingthe
heads shavnin Tablel. Six moreinputsareneededo per
form rotations.All told, ead positiondevice (head,wand,
camera,etc.) is controlledby twelve inputs de ned asa
combinationof key pressesmodi ers, and mousemaove-
ments,with eachinput evoking somechangen eitherpo-
sition or orientation. Eachof the threebasiccomponents
itemizedabove usuallyhasseparateontrols,meaningthat
thereare 36 commandsgo learn. This could be improved
upon using a semanticmodel whereuserscould focuson

directmanipulationof the heador the wandratherthanon

thesyntax[5].

5 Implementation Details

In this section,we discusshow we implementeda re-

placemensimulatorinterfacebasedon theideaspresented

in Section3. In Section6, we will examinehow our new

simulatorcon gurationcomparesvith the existing version.

Before describingour simulatorinterface, we lay out the

initial work doneto extend VR Juggler This initial work
- playsanimportantrole in how our implementationvorks

andwill beanalyzedurtherin Sectionss and8.

5.1 Plug-In Architecture for Custom Simulators

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

For thesimulatorplug-ins,we usethetraditionalcompo-
nentmodelwhereinan abstractinterfacehasconcreteim-

Figure 2. Basic simulator con guration com-
ponents



vri:DrawSiminterface

+config:boaol
+updateProjectionData:void
+initialize:void

vri:Glsiminterface

+draw:void
+setEventWindow: void

Figure 3. Class hierarchy for OpenGL draw
simulator interfaces

plementationshatareloadedat runtime[6]. In C++terms,
this meansde ning one abstractclassand creatinga sub-

classthereofcalled a conceete implementatiorthat imple-

mentsthe pure virtual methodsof the abstractbaseclass.
Simulatorplug-ins are loadeddynamicallyusing standard
operatingsystemfeaturedor run-timecodeloading[7].

The basic interface handledby the VR Juggler Draw
Managers is vrj::DrawSiminterface , and all con-
crete implementationscan be treated as instances of
this interface. VR Juggler has Draw Managers[1]
for different graphicsapplicationprogramminginterfaces
(APIs) such as OpenGL or OpenGL Performef™. The
OpenGL Draw Managermales use of the extensionto
vrj::DrawSiminterface calledvrj::GISiminterface
The classhierarcly for theseinterfacesis shavn in Figure
3.

Creatingan OpenGLsimulatorplug-in involves several
stepsandit is importantto understandhatVR Jugglersim-
ulatorsdo more thanrenderthe headand wand simulator
components Simulatorsmustactasinput devicesinto the
Input Manager meaningthat they mustbe loadedas de-
vice drivers. In this case,the traditional notion of a “de-
vice driver” implies somesortof 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 drivers as componentghatim-
plementthe abstractinterfacede ned by gadget::Input
Thesedevice driversarespecializedurtherby additionally
deriving from at leastone of the abstractnput typessuch
asgadget::Digital or gadget::Position . In thisway,
any classcanact as a “device driver” that providesinput
of oneor moreabstractypesto the Input Manager For a

extern “C”

{
GADGET _DRIVER_EXPORT(void)
initDevice(gadget::InputManager* im)
{

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

Figure 4. initDevice()
gler device driver

function for a VR Jug-

simulatorplug-in, theendresultis thatthe customOpenGL
simulatorclasswill derive from at leastthreeC++ classes:
vrj::GlSiminterface, gadget:lnput  , andatleastone
abstracinputtype.

With the requisiteC++ interfacesimplementedan en-
try pointinto the plug-in mustbe de ned. The entry point
is invoked after the plug-in is loadedin 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* . Thebody of this functionis al-
mostalwaysa singlestatementsimilar to whatis shavn in
Figure4. Thetype of T mustbe replacedwith the type of
theuserde ned devicedriver.

Next, the simulator plug-in must register itself dy-
namically with the OpenGL simulator factory This can
occur as part of the static data initialization when the
plug-in is rst loadedinto memory A macro, named
VRJ_REGISTER_GL_SIM_INTERFACE_CREATOR() is pro-
videdto simplify thistask. It takesa singleargumenthatis
thetypeof the simulatorplug-in C++ class.

Lastly, acustomcon gurationde nition mustbede ned
for the simulatorso thatit canbe con gured at run time.
Thecompletedetailsof how to dothis arebeyondthe scope
of this paper However, the mechanisnfor con guring the
VR Jugglersimulatorwas extendedas part of this work.
In VR Juggler displaywindows provide the view into the
scene andeachdisplaywindow may containone or more
viewports. Thereare two typesof viewports that can be
con gured: surfaceand simulator Surfaceviewportsare
usedfor physical projectionsurfaceswhile simulatorview-
ports are what actually utilize and renderthe VR Juggler
simulator Eachsimulatorviewport mustbe con gured to
usea simulatorplug-in. The default con guration usesthe
built-in VR Jugglersimulator but this canbereplacedwith
thecustomcon gurationfor thesimulator Thecapabilityto
con gure ary simulatorplug-inwithin asimulatorviewport
representthelaststepin extendingVR Jugglerto allow the
work presentedhereto bedone.



To summarizethe stepsfor creatinga simulatorarethe
following:

Implementing the interface

vrj::GISiminterface

dened by

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

Implementing the interfface dened by
gadget::Input using methods inherited from
thebaseclassabstracinputtype(s)

Implementingthe plug-in entry point function

Calling the macroto register the simulatorwith the
OpenGLsimulatorfactory

Creatinga con guration de nition for the simulator
plug-in

Con guring a displaywindow with a simulatorview-
portthatusesthe plug-in

5.2 PySim Simulator and the SimGrab Module

Our rst implementationof the avatar manipulation
metaphoris includedwith a plug-in we call PySim,which
is part of the OpenSourceVR JugglerToolboxt. PySim
is animplementatiorof the VR Jugglersimulatorinterface
vrj::GISiminterface , the interface that all OpenGL-
basedsimulatorplug-insto VR Jugglermustimplement.
PySimgoesonestepfurtherby combiningC++andPython
to offer abasicframenork into which Python-basedimula-
torscanbeintroduced.PySimimplementsall the stepsde-
scribedabove for the C++ aspectsandit providesthe abil-
ity for programmerso write straightforvard Pythonscripts
thatprovide the actualsimulatorbehaiors andcharacteris-
tics. We have implementednesuchscriptcalledSimGrab,
thedetailsof which aredescribecbelow.

Basedon Shneidermas classi cations[5, p. 68], Sim-
Grabimplementsasimulatorfor rst-time usersandknowl-
edgeablantermediateusers. The numberof possibleac-
tionsis restrictedto meetcertaincriteria, describedbelow,
andwheneer possible familiar widgetsare usedfor input
(seethebottombarin Figure5).

5.2.1 Goals

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

“http://vrjtoolbox.sourcefaye.net/

Figure 5. PySim with SimGrab plug-in

Figure 6. SimGrab analog and digital widg ets

visible atall times,thoughthe manipulatoicontrolsareonly
visible wheneitherthe avatarbody or the wandis clicked
by the mouse. Onceselectedthe individual components
of themanipulatorcontrolsarehighlightedwhenthemouse
movesover themto illustratewhatactioncanbe performed
atthattime. Furthermoreye have putto useknowledgein
theworld in theform of recognizableJl widgetsfor digital
and analoginputs. Theseinputs, shavn in more detail in
Figure 6, arevisible at all timesat the bottom of the win-
dow andmatchtheusers con gurationfor theirapplication
needs.In this case the userhascon gured the useof two
slidersfor changinganaloginputsandsix togglebuttonsfor
digital inputs.

5.2.2 Taskldenti cation

We began the designof SimGrabby identifying the most
commontasksfor usersof VR Jugglerapplicationsandwe
found that useractivities can be reducedto the following



tasks:

Placemenbf positionaldevices

Rotationof positionaldevices
Ray-basedelectionof world objects
Intersection-baseskelectionof world objects

Pressingandreleasingouttonswith distincton andoff
states

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

Often,theuserwill wishto move theheador wandto apar
ticular location, thusplacinga positionaldevice. The user
may alsowish to specifya particularrotationfor the head
or wand,thusspecifyingtherotationof a positionaldevice.
Many times, the userwill alsowish to selectan objectin
the virtual world. In this case the commontechniquesare
the useof eitherray-basedor intersection-basedelection
methods. For ray-basedselection,the usermerely points
the handin the direction of the target object. In orderto
performintersection-basedelection,the usermerely puts
the wandinsidethetamet object. In both casesmakinga
selectiorcanbebrokendown into thetaskof preciselyposi-
tioning thewand. The applicationitself is thenresponsible
for doingthe selectionoperatiorbasedn theinput.

In additionto the tasksrelatedto the positionaldevices,
a userneedsto be ableto pushbuttonson digital devices
andsetvalueson analogdevices. Theseoperationseasily
map to commonwidgets currently usedin most 2D user
interfaces.

5.2.3 Interaction Styles

Theinteractionimplementedn the currentversionof Sim-
Grabis oneof directmanipulation[5]. Basedontheidenti-
ed taskswelaid outmethoddor performingdirectmanip-
ulationsof objectsassociatedvith thosetasks.For example,
onetaskis translationof the wandheldin the users hand,
andthedirect-manipulatiofinvocationof translatiormeans
clicking on the wandanddraggingthe mouse. Translation
canoccuralongthreeaxes(X, Y, andZ), but the standard
mousecanonly move in two dimensions.To addresghis,
eachplanehasa manipulatorthat allows translationon it
alone.Thus,to translateanobjectalongtheY axis,theuser
would selecthemanipulatoifor the XY planeor for theYZ
plane.
Thetranslatiormanipulatothasvisualindicators arrons
shavn in Figure7, thatshow the userwhich directionsare

SNotethatnavigationis notincludedin thelist becaus@mavigationis in
thedomainof application-speci ctasksandis not theresponsibilityof an
immersie systemsimulator

Figure 7. Translation manipulator

allowed,andmotionof themouses followedexactly along
the allowed axes. Further a semi-transparemilaneis ren-
deredto helpgive the usera morecompletementalmap of
theresultsof moving the mouse.

For rotations,a sphericalmanipulatoris provided. De-
pendinguponwherethe userclicks within the sphere dif-
ferentrotationoperationsanbe performed.Fromthe cho-
senrenderingof the manipulator shovn in Figure 8, the
usercanclick onthebarsthatwrapthesurfaceof thesphere.
Thesebarsallow rotationaboutoneaxisatatime by drag-
ging the mouse.Clicking the surfaceof the spherewithout
thebarallows more e xible trackball-stylerotation,a com-
mon interactionmethodin OpenGLapplicationg10]. For
knowledgeableintermittentusersof 3D applications,this
interfaceis likely to be familiar.

Lastly, familiar widgetsare usedfor inputsthat are not
positionalin nature.For analognput, we provide horizontal
sliderbars,andfor digital input, we usetogglebuttons.The
useof toggle buttonsallows multiple buttonsto be pressed
simultaneously This is importantbecausemary VR ap-
plications make use of multi-button input to increasethe
numberof actionsthatcanbe performedusingawand-type
device in animmersive system.

6 Resultsand Evaluation

With our SimGrabplug-in, we have attemptedto help
usersform anaccuratenentalmodel[8] for thetranslation
manipulatorsThedirectionalarrons arerenderedshaving
which directionthe mousecanbe maved, andthe planeof
movementis renderecadjacento the arravs. Thus, users
canapply spatialreasoningo geta “feel” for what effect



Figure 8. Rotation manipulator

a given mousemovementwill have with respecto the se-
lectedobject.In effect, the planeof movementcorresponds
directly to the surfaceon which themousewill move.

The numberof digital andanaloginputsis con gurable
by the applicationauthor using the standardvR Juggler
con guration system[1]. For the analogvaluesliders,the
minimum, maximum,and startingvaluescanbe set. This
con gurability givesSimGrahthe e xibility necessaryo be
usedwith ary existing VR Jugglerapplication.

6.1 Benets

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

1. Directmanipulationof taskobjectsinsteadof indirect:
Usersselectthe avatar heador handand manipulate
themwith the mouse. The button and slider widgets
employ directmanipulatiorto provide digital andana-
log inputsrespectiely.

2. Semantioperationgatherthansyntactic:Throughdi-
rect manipulation,userscan concentrateon task ac-
tionsratherthanon the syntaxfor how to invoke those
actions.

In modernuserinterfacedesigntheseprinciplesareseeras
improvementsover indirectcommand-driendesignof the
past[5].

6.2 Limitations

Thecomplity of theinputhandlingusedin the current
implementatiorof the simulatorcanaffecttheframerateof

theapplication.TheOpenGLpicking operationgor access-
ing thepositionalinputsarecomputationallyexpensve, and
this may degradethe framerate. This is especiallysigni -
cantwhenpicking operationsaredonein responseo each
mousemotion eventin orderto highlight the manipulator
controlsto indicatethatthey areactive.

The currentversionof the simulatoronly supportghree
positionaldevices: the headandthe left andright hands.
The userhasno ability to addin a new positionaldevice.
Thislimitation wasdesignednto SimGrakhto helpconstrain
thenumberof positionaldevicespresentedo theuserto the
onesthatmapto thebody of the avatar

7 Conclusion

We setout to createa bettersimulatorinterfacefor VR
Jugglerthanwhatis currentlyavailable. Therearetwo key
goalsourresearchtiargeted:aneasietto useinterfaceandan
extensiblesimulatorarchitecture.PySimandits SimGrab
plug-indemonstratbow we have achievedthesegoals.The
SimGrabinterface eliminatesthe needfor a syntacticin-
teractionmodelthroughits useof direct manipulation. In
general,interfacesbasedon semanticinteractionmodels
anddirect manipulationare consideredo be easierto use
thanthoseusingsyntacticmodelsor indirectmanipulation.
PySimis a plug-in to VR Juggler and PySimitself uses
plug-inswritten in the interpretedanguagePythonto pro-
vide a greaterdegree of extensibility and to improve the
ability to do rapid prototypingof new simulatorinterfaces.
Using PySim, programmerganwrite VR Jugglersimula-
torsentirelyin Pythonandavoid dealingwith the complex-
ities of dynamiccodeloading, simulatorregistration,and
simulatorcon guration.

8 FutureWork

PySimwasdevelopedasaninitial proof of conceptfor
thenew VR Jugglersimulatorplug-inarchitecture As such,
thereweremary lessondearned but thereis roomfor im-
provement. We presenta list of potentialimprovementsn
this nal section.

8.1 Formal Evaluation

Now thata new simulatorhasbeencreatedor VR Jug-
gler, aformal userstudywould be helpful to determineits
usabilityandpracticality We believe thatthis would aid in
thedevelopmentndre nementaquality simulatorinterac-
tion method.This studymaybeacomparisoro othertools,
possiblyincorporatinga statisticalanalysisbasedon Fitts'
Law [5, 11].



8.2 Performance Enhancements

We canimprove uponthe implementatiorimitation re-
lating to picking operations.For example,ray castinginto
the scenewould alleviate the needto utilize OpenGLpick-
ing, therebydramaticallyreducingtheimpactonframerate.
Further someof themathematicabperationsurrentlyper
formedin the Pythonplug-in SimGrabcould be moved to
the PySimC++ codeto improve their performance.

8.3 AddressingExpert Users

As stateckarlier thecurrentapproactof the SimGrahin-
terfaceis aimedat new and moderatelyexperiencedusers.
The currentdesignof theinterfacedoesnot offer ef ciency
enhancementsr theexpertuser Wewouldliketoincorpo-
rate short-cutsfor suchuserssothey couldtake advantage
of their expert knowledge. Theseshortcutswould not in-
trudeon the semantialesignfor the beginninguser Exam-
plesof short-cutsnve would lik e to addincludekey presses
for quicker objectselectionandanunconstraine@®D trans-
lation.
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