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Abstract

This paper describes VR Juggler, an Open
Sourceplatform usedto developandrun virtual
reality applications. We emphasize VR
Juggler’s ability to provide a uniform VR
application environment and to allow
extendibility to new deviceswithout affecting
existingapplications. ThesefeaturesenableVR
applications to evolve along side other
technologies with  minimal or no new
developmental efforts.

1 Introduction

The use of virtual reality (VR) to interactwith

data is becoming routine practice in many
domains. One domainwhereVR is being used
currently is engineeringdesign, analysis and
evaluation. This domain is pushing VR

technology to become more accessibleand
easierto implement. Engineersand scientists
are concernedwith their problemareas,andin

order to fully acceptthe use of VR into their
workflow, they needtools that simplify the use
of the complex VR systerhthey utilize.

Therehavebeenmanyeffortsto createtools for
the development and execution of VR
applications. Some tools are developedand
maintainedby academiagyroupswhile othersare

created directly in commercial settings. Many of

the commercialtools originally startedout in a
researchsetting and then were migrated to a

commercial venue. Most of these tools focus on

specific hardwaretechnologieswith customized
display and interaction methodsthus making
them hard to expand to new methods and
configurations. Examples of existing tools
include CAVELIib, WorldToolKit, Avango, and
Lightning.

The CAVELIib [1] was designedas part of the
initial work with the CAVE system,andit was

* Within this paper,we usethe term “VR system”to refer to
the hardwarethat makesup a VR environment. When we
refer to the softwarethat managegshe hardwarewe will use
the term “VR software system”.

expandedo be a toolkit to developapplications
for multiscreen systems using a procedural
programming approach. Its design does not

separatethe applicationfrom the library, so as
the CAVELib expands,applications need to

continuebeingupdatedto keepup with the new
features.

WorldToolkit [2] is desighedo supporta variety
of VR technologieshowever,the programmers
must specify in the code the particular devices
beingusedfor the application. This meansthat
if, in the future,the applicationneedso runin a
different VR system the applicationcodeneeds
to be modified to accommodatethe new
hardware setup.

Avangol3] andLightning [4] aretwo othertools
for creating immersive applications. Avango
wasdevelopedat the GermanNationalResearch
Center for Information Technology, GMD;
Lightning wasdevelopedat the FraunhofedAO.
Both packagesrebasedon OpenGLPerformer,
thusthe applicationsare limited to SGI system$
only.

All of thesepackagesre now commerciattools,
which limits VR usersto the featuresavailable.
As thetechnologyadvancesusersmustwait for
the tools to be updated by the supporting
companies. If the companydoesnot or cannot
provide desiredupdates.then thereis no clear
way to migrate currentapplicationsto the new
technologies.

2 VR Juggler Design

VR Juggler is an object-oriented software
systemfor the developmentand execution of
virtual reality applications. Its architecture
makes use of several software engineering
techniquesncluding designpatterns[6]. The
techniguesemployed aid in encapsulatingthe
manyelementof a VR system. Thegoalof VR

2 OpenGL Performeris now also available for the Linux
operatingsystem,so both packagesnay be availablefor PC
platforms



Juggleris to introducea softwarelayer between
the applicationand the hardwareto provide a
hardware-independensoftware system. This
layer containsa setof well-definedinterfacesto

the VR componentdasedon their functionality.
For example, a 6-degrees-of-freedontracking
systemis handledthrough a positional device
interface. In this way, if theapplicationneedso

usea different tracking systemiit will not need
to know aboutthe change. As long asthe new
device is controlled through the positional
interface, the application would not need any
codechanges.With this design,applicationsare
concernednly with the type of informationthat
they needto receivefrom and sendto the VR

system. VR Jugglertakescare of converting
that information into the underlying
representatiomeededor eachparticulardevice
and hardware component.

1 Technical Design

To achieve hardware independencethe VR
Jugglerarchitectureis basedon a microkernel,
which uses a set of managers, each one
dedicatedto specific tasks. The microkernel’s
main responsibilityis to be the mediatorfor the
managers. This involves the following:

Sustainthe interactive performanceof the

system and the applications

Coordinate interactions among the

managers

Manage the communicationsbetweenthe

managers and the applications

Keep the system components synchronized.

Handle runtime reconfigurationof the VR
system

Direct the execution of multiple applications

Figure 1 shows a diagramof the VR Juggler
kernel, the current managers and the
relationships between them.
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Figure 1: VR Juggler design

1 VR Juggler Managers

The managersin VR Juggler control specific

componentof the VR system. The managers
are separatedinto two categories: internal

managersand externalmanagers. The internal

managershandlethe core functionality beyond

the scopeof the kernel; the external managers
deal with the interfaces to the application.

The Draw Manageris the externalmanageithat

providesthe interfacefor rendering. The Draw

Managethastwo layers. Thetop layer specifies
the common interface for all rendering tasks.
This includes initialization of the graphics
environment,definition of viewing parameters,
specificationof light sourcesand so on. The

secondlayer extendsthe top layer to include

customizationsrequired for specific graphics
subsystems.For example, VR Jugglersupports
several graphics application programming
interfaces (APIs) for the development of

applications.Eachof thesegraphicsAPIshasan

associatedraw Managerthat containsthe API-

specific interface extensions and base layer

implementation.Currently,VR Jugglerincludes
Draw Managerssupporting OpenGL, OpenGL
Performer, and OpenSceneGraph.




Figure 2: Input manager structure

The Input Manageris the managetthat controls
all input devicesin the system. Figure 2 showsa
diagram of the Input Managerstructure. The
Input Managerdealswith devicesbasedupon
thekind of inputthatan applicationcanreceive.
Built-in typesthat VR Jugglersupportsinclude
positionaldata(tracking), digital data(buttons),
gesturedata (gloves), analog data (joysticks),
and others. At its lowest level, the Input
Manageraccessesll devicesthrough device-
specificdrivers. All referenceso therealdevice
typesare hiddenby the Input Manager. When
retrievingdatafrom a device,the Input Manager
transformsthe datainto one of the basictypes
for use by the application.

The primary advantageof this structureis that
applications are independentof any specific
physicaldevicebecausdhey only dealwith the
basicinputtypes. Sinceapplicationsarenot tied
to the devicesof a specific VR system,device
substitution, reconfiguration, and VR system

migration can occur without code modification.

VR Jugglercan be configuredto simulatea VR
systemon the desktop. This allows VR Juggler
to be usedin a traditional desktopsetup. For
example, a positional input, conceptually
designed for 6-degree-of-freedom tracking
devices, can be mappedto a combination of
mouse and keyboard through the use of a
simulatedpositionaldevice. The mouseandthe
keyboard generate the 3D position and
orientation information that the application
expects;thereforethe applicationdoesnot need
to be notified of this new mapping.

Figure 3: Virtual Platform

Figure 3 shows how applicationsinteract with
the VR Juggler managers. Most of the
communicationgyo throughthe kernel,which as
we mentionedabove, handlesthe information
flow within the system. The only managetthat
applicationsneedto havedirectinteractionwith
is the Draw Manager.

The VR Juggler Draw Manager allows
applications to directly interact with the
underlyinggraphicsAPIs. Most graphicsAPIs
makeit very difficult to completelyisolate the
applicationfrom them. Someuse scenegraphs,
others require applications to handle their
geometrydirectly. To developapplicationswith
advancedfeaturessuch as collision detection,
complex lighting models, object manipulation,
and computational updatesto the geometry,
applicationsmust use graphicsAPI calls. Any
attempts to abstract these features result in
limiting the capabilitiesavailableto applications
and restricting the flexibility available to
application developers.

VR Juggleractsas a virtual platform, shielding
applications from changesto the underlying
system. For example,new managerscan be
addedor removedwithout impactingusercode.
Because VR Juggler is Open Source, the
managerstesignallows othergroupsin the VR

communityto expandthe managerstructureto

accommodatdor the particular needsat their

sites. This allows applications to evolve
transparentlywith the technologyand prevents
them from becomingobsoleteas new devices
and systems become available.



2 VR Juggler Parameterization

VR Juggler has been parameterized to

accommodatéhe many possibleconfigurations
of devicescomponentsandsoftwareAPIs. The
active configurationspecifieswhat parts of the
VR Jugglersystemareneededor an application
to run. Theinformationflowing throughthe VR

Jugglersystemhasbeengroupedinto “chunks”

where eachchunk containsthe parameterghat
arerelatedfunctionally. For example thereis a
“simulatordisplaychunk”, which allowsusersto

emulate an immersive display in a desktop
environment. Figure 4 showsa view of chunk
parametersbeing edited in a graphical user
interface (GUI). The application user can

specify the size of the window, the window’s

location in the desktop, and some viewing

parameters.

Edit Simulatar Display: SimWindouy -0 x

Instance Name: SimWindow |
This is a surface that images are projected on.

origin X(Int)[0
Y(Int)[100
Window origin (lower left is 0,0)

size Width (Int)[650
Height(Int)[650
Window size

pipe {Int)[0
Graphics pipe

view |right_eye ~|
border True
cameraPos |Si1:|1Camera Proxy e |

This is the pos proxy that controls the sim view =

| 0K || Cancel H Healp |

3 Figure 4: Simulator chunk

4 Platform Independence

Through the use of a microkernel design,
managers,and parameterization,VR Juggler
successfully isolates applications from the
underlyingsoftwareandhardware. The internal
and low-level external managers can be
implemented to match different operating
systems and hardware architectures while
preserving a consistent external software
interfaceto applications. With this capability,
VR Jugglerscalesacrossmultiple platformsand
VR systems. One exampleof this scalabilityis

that developerscan create applicationsin a
simulatorusing the resourcesavailableon their

desktopPCswithout needingaccesgo theactual
VR system until the application is near
completion. This enablesa moreefficient useof

the availableresourcesat VR sites,allowing for

the developmenbf VR applicationson standard
PCsand migrating the applicationto the actual
VR system with minimum developer effort.

3 Using VR Juggler

Developing and running applicationswith VR
Juggler requires an understanding of how
applications operate within its framework.
Applications are executedby the VR Juggler
virtual platform. The applicationis treatedas
anotherobjectthat the kernel must handle. All

configurableelementf the applicationandthe
platform are parameterizedand are configured
by the “chunks” of information introducedin

Section 2.3.

5 Application Development

Figure 5: interface

All VR Juggler applicationsare developedas
C++ objects known as “application objects”.
Theseapplicationobjectsarehandleddirectly by
the kernel through an interface named ,
shownin Figure5. This interfacespecifiesthe
actionsan applicationneedsto definein orderto
presenta virtual world to users. Theseactions
includeany computationgo procesaiserinputs,
to update virtual element behavior, to detect
collisions with virtual objects, and to provide
other characteristics of the virtual space.
Developershave full control of the graphics
API, so they can set rendering methods, add
sounds,managethe geometry,and incorporate
any other visual feature required by the
application.



An advantage of using kernel-managed
application objects is that VR Juggler can
support multiple  applications running
simultaneously. We can think of this feature
similar to the documentconceptthat mostword
processorsprovide. We can start the word
processingenvironmentonce, and from within
that environment, we can maintain multiple
documentsand switch betweenthem without
having to restart.

This feature is particularly useful for VR
installationsthat aresubjectto manyvisitorsand
demonstrations. All the showcasedpplications
can be integrated into a single VR Juggler
environment. This integration saves a
significant amountof time becauseahereis no
needto shutdownandrestartthe VR systemfor
eachapplication. In a later section,we describe
our switcherenvironmentan implementatiorof
this feature developed in our research center.

6 Running VR Juggler

Onceapplicationsaredevelopedtheycanrunin
a variety of VR settingsranging from single-
computerdesktopenvironmentdo multi-screen,
supercomputer-driven, high-performance VR
systems. The sameapplicationcodewill scale
amongall thesesystemshroughthe datagiven
in the information chunks. Running an
applicationrequiresconfiguringthe components
of the VR Juggler systemand the application
object or objects being run by the system.

7 Configuring VR Juggler

To simplify the creation and editing of the
information chunks, VR Juggler provides a
configuration editor written in Java called
VjControl. VjControl presentsa GUI to the
chunksthat are groupedby functionality. Users
can edit the information chunks without being
concernedwith the internal format or valid
options. VjControl takescare of thosedetails,
presentingusers with the possible options or
rangedor all theavailableparametersf a given
configuration. Figure 6 shows a typical
configuration window for VjControl. This
window shows the available configuration
chunks for a particular application set.

Figure 6: VjControl

Figure 7 shows a VjControl window that
specifies the parameters for the desktop
simulatorchunk. Userscanmapkey presse®n
thekeyboardto deviceactions. In this example,
theuseris defining key pressmappingsfor head
motion actions such as forward, backward,up
and down.

Figure 7: Example of a VjControl configuration
chunk window

VjControl can be run standaloneto edit a
configurationfile for anapplication,or it canbe
run with a live connectionto the VR Juggler
kernel. WhenVjControl is connectedo the VR

Jugglerkernelwhile anapplicationis running,it

canprovide live performancemonitoring of the
applicationsand allows for reconfiguring the
application at run time.

By analyzingthe live performancelataprovided
by VjControl, users can identify where
performancebottlenecksarelocatedin the code.



It can also help to monitor the VR Juggler
system performance.

Sometimes, applications may need to be
reconfiguredat run time. A componentof the
VR systemmay fail and needto be replacedby
anothercomponent.An applicationmay needto
run in a different display, or a new interaction
device may need to be added. When these
situations arise in conventional VR systems,
users need to terminate the VR software,
reconfigurethe application,andrestartthe entire
environment. VR Jugglerallows the systemto
continue running while using VjControl to
simply changethe configuration parametersof
the systemcomponenthatneedsto be changed.
It also allows for remote application-level
configuration such as adding additional
geometry into the virtual world.

4 VR Juggler Applications

VR Juggler has been used in a variety of
applicationdomains.This sectioncoversa small
set of representativeapplicationsdevelopedat
the Virtual Reality ApplicationsCenter(VRAC)
in the past year. Detailed coverage of VR
Jugglerapplicationsis found at the VRAC web
site’.

8 The Application Switcher

Figure 8: Application Switcher

We have built a VR Jugglerenvironmentthat
allows us to interactively switch among any
numberof applicationsat run time. The switcher
has a VR Juggler core that manageseach
applicationobjectbasedon input from the wand
availablein our VR systems.Applications are
presentedo the usersequentiallythrougha 3D

3 http://www.vrac.iastate.edu

miniature representationof their content, as
shown in Figure 8. Currently there are 12
different applications integrated into the
switcher.As new applicationsare developedwe
continue integratingthem into the switcher to
facilitate their use by all the members of our lab.

9 The Nexus

Terry Welsh and JeremyEcclesdevelopedthe

Nexus application to explore the gravity-free

environment provided by immersive systems
shownin Figure9. Anchoredsomewheren the

depthsof spacethe Nexustreatsits viewersto

an explorationof impossiblegothic architecture
and giant twisting machinery. Through VR

Juggler, the Nexus has been shown in

projection-basedVR systems, head-mounted
displays, and large audiencetheaters,with no

additional programming efforts on the

developers.

Figure 9: The Nexus

10  Virtual Tornadic Thunderstorm



Figure 10: Virtual tornado

Shownin Figure 10, thetornadoapplicationwas
created to facilitate improved student
understandin@f both the atmospheridynamics
involved and the visual characteristicsof a
tornadic storm. This project hasresultedin a
new visual tool that will allow student-centered
learningin this challengingareaof meteorology.
The flexibility offered by VR Juggler has
allowedits usein introductorycoursegakenby
non-majorsand upper-levelmajor meteorology
courses using standard PC  desktop
environments.We havealsobeenableto useit
in advancedseminarsausingour fully immersive
VR systems to navigate throughout the
thunderstorm in a virtual tornado chase.

5 Conclusions

VR Jugglerhasbeena very successfukoftware
systemfor the developmentand execution of

scalable immersive applications. There is a
growing community of usersaroundthe world

and,becausef its OpenSourcefree availability,

thereare also a growing numberof contributors
expandingits capabilities. Severalcommercial
software companies have started to release
products that are VR Juggler compatible.
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