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WhatWhat isis StudierstubeStudierstube??
Long Long termterm researchresearch projectproject on on 
AR technologyAR technology

CollaborativeCollaborative//distributeddistributed AR (AR (sincesince 1996)1996)
Mobile/handheldMobile/handheld AR (AR (sincesince 2000)2000)

EmphasisEmphasis on 3D on 3D interactioninteraction & & graphicsgraphics
Large Large bodybody of of usefuluseful softwaresoftware

Runs on Windows, Runs on Windows, LinuxLinux, SGI, , SGI, ……
FreelyFreely availableavailable as open sourceas open source
Rapid prototyping with scripting Rapid prototyping with scripting 
interfaces (XML, Python)interfaces (XML, Python)
Latest version also for Latest version also for Windows MobileWindows Mobile

Handheld ARHandheld AR
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Handheld Augmented RealityHandheld Augmented Reality
StandStand--alone handheld AR on PDAsalone handheld AR on PDAs

Not a thinNot a thin--client!client!
High scalabilityHigh scalability

PDAs arePDAs are
InexpensiveInexpensive
Socially acceptableSocially acceptable
FamiliarFamiliar
DiscreetDiscreet
WidespreadWidespread

All in one solutionAll in one solution
CameraCamera
Touch screenTouch screen
Wireless networkingWireless networking
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Handheld AR Software ArchitectureHandheld AR Software Architecture
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Graphics: Graphics: KlimtKlimt
CustumCustum 3D library for handhelds3D library for handhelds
Portability & performancePortability & performance
OpenGL & OpenGL ES subsetOpenGL & OpenGL ES subset
Currently no real OpenGL (not Currently no real OpenGL (not --ES) ES) 
alternative on PDAsalternative on PDAs
Software rendering (70K Tri, 11MPix)Software rendering (70K Tri, 11MPix)
Hardware (500K Tri, filtered textures)Hardware (500K Tri, filtered textures)
Coin port runs on top of Coin port runs on top of KlimtKlimt
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Vision Tracking: Vision Tracking: ARToolKitPlusARToolKitPlus
Windows, Linux, Windows, Linux, Win.CEWin.CE
Vision tracking coreVision tracking core
Primary tracker on PDAPrimary tracker on PDA
Ported to PocketPCPorted to PocketPC
Up to 512 fast idUp to 512 fast id--based markersbased markers
Optimized for ARM:Optimized for ARM:
Up to 150 images/sec on a PDAUp to 150 images/sec on a PDA
Other sensors (GPS etc.) via Other sensors (GPS etc.) via OpenTrackerOpenTracker
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Tracking Middleware: Tracking Middleware: OpenTrackerOpenTracker
Extensive Extensive supportsupport for for trackingtracking devicesdevices
User User defineddefined datadata flowflow graphsgraphs
ManyMany transformationtransformation and and filterfilter nodesnodes
NodesNodes cancan communicatecommunicate overover networknetwork

ExampleExample
OpenTrackerOpenTracker

graphgraph
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MuddlewareMuddleware RealtimeRealtime
Collaboration ServerCollaboration Server

For simple, scalable For simple, scalable 
collaborative applicationscollaborative applications
TuplespaceTuplespace

For message exchangeFor message exchange
But filled with hierarchicalBut filled with hierarchical
XML structured content XML structured content 

Associative addressingAssociative addressing
XPathXPath

Event channelsEvent channels
Persistence

devices services

Muddleware

Persistence
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The Invisible TrainThe Invisible Train
MultiMulti--player gameplayer game
Demonstrates Demonstrates 
collaborative collaborative 
features of our features of our 
Handheld AR Handheld AR 
FrameworkFramework
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Mr. Mr. VirtuosoVirtuoso
Art Art historyhistory educationeducation goesgoes AR!AR!
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ThankThank YouYou!!
Check out Check out www.studierstube.orgwww.studierstube.org

Handheld AR TeamHandheld AR Team
Daniel WagnerDaniel Wagner
Thomas PintaricThomas Pintaric
Istvan Istvan BarakonyiBarakonyi
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Software Software OverviewOverview
Fundamental Fundamental librarylibrary: : scenescene graphgraph

ProvidesProvides 3D 3D renderingrendering and and interactioninteraction
Open Open InventorInventor ((originallyoriginally SGI SGI InventorInventor, , 
nownow CoinCoin –– http://www.coin3d.org )http://www.coin3d.org )

General General architecturearchitecture
C++, C++, InventorInventor runtimeruntime systemsystem ((reflectionreflection…)…)
ExtensionsExtensions to to CoinCoin runtimeruntime systemsystem ((trackingtracking…)…)
DevelopmentDevelopment byby scriptingscripting (XML, .(XML, .iviv))
ExtensionsExtensions in C++in C++

Runs on Windows Mobile Runs on Windows Mobile Handheld ARHandheld AR
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