
Space Trash Space Trash 
Space Trash Space Trash –– An Interactive Networked An Interactive Networked 

Virtual Reality InstallationVirtual Reality Installation

Laval Virtual Laval Virtual --
Virtual Reality International Virtual Reality International 

Conference (VRIC Conference (VRIC ’’09)09)

DiplDipl. Inf. (FH), MSc . Inf. (FH), MSc 
Christoph AnthesChristoph Anthes

22.04.0922.04.09

22.04.09 Space Trash - An Interactive Networked Virtual 
Reality Installation

2

OverviewOverview

•• IntroductionIntroduction
•• Concept and Game PlayConcept and Game Play
•• Physical InterfacesPhysical Interfaces
•• Visual DesignVisual Design
•• Software ImplementationSoftware Implementation
•• Presentation and InstallationPresentation and Installation
•• Outlook and Future WorkOutlook and Future Work
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IntroductionIntroduction

•• Developed for the European ResearchersDeveloped for the European Researchers‘‘ Night Night –– Upper Upper 
Austria (27.09.08)Austria (27.09.08)

•• Focus on presentation of scientific workFocus on presentation of scientific work

•• CooperationCooperation
–– GUP JKU (GUP JKU (http://http://www.gup.jku.atwww.gup.jku.at//))

•• Software developmentSoftware development
–– IC KU (IC KU (http://http://www.interface.ufg.ac.atwww.interface.ufg.ac.at//))

•• Physical InterfacesPhysical Interfaces
–– The The VisioneersVisioneers ((http://http://www.thevisioneers.comwww.thevisioneers.com//) ) 

and DMA KU (and DMA KU (http://http://www.dma.ufg.ac.atwww.dma.ufg.ac.at//))
•• 3D Artwork3D Artwork

22.04.09 Space Trash - An Interactive Networked Virtual 
Reality Installation

4

Concept and Game PlayConcept and Game Play

•• Requirements (different from most games)Requirements (different from most games)
–– Easy to learnEasy to learn
–– Limited timeLimited time
–– High amount of playersHigh amount of players
–– Interesting for observersInteresting for observers
–– Technology demonstrationTechnology demonstration
–– Immersive with the help of stereoscopic display technologyImmersive with the help of stereoscopic display technology
–– Topic (creating awareness)Topic (creating awareness)
–– Long time motivation not necessarily a requirementLong time motivation not necessarily a requirement
–– Balanced game play which works with experienced and Balanced game play which works with experienced and 

inexperienced playersinexperienced players

http://www.gup.jku.at
http://www.gup.jku.at
http://www.interface.ufg.ac.at
http://www.interface.ufg.ac.at
http://www.thevisioneers.com
http://www.thevisioneers.com
http://www.dma.ufg.ac.at
http://www.dma.ufg.ac.at
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Concept and Game PlayConcept and Game Play

•• Topic: Space TrashTopic: Space Trash
–– Hot topic, doable, easy to transport the messageHot topic, doable, easy to transport the message

•• Game PlayGame Play
–– 2 teams of 3 players each have to collect trash in space against2 teams of 3 players each have to collect trash in space against

timetime
–– Different designs (input devices, avatars and installation)Different designs (input devices, avatars and installation)
–– Two groups Two groups HackersHackers and and Old MenOld Men
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Concept and Game PlayConcept and Game Play

•• Player TasksPlayer Tasks
–– Each team consists of three players with a different task for eaEach team consists of three players with a different task for each ch 

playerplayer
–– Control of the space ship (navigation Control of the space ship (navigation –– 2 players)2 players)
–– Aiming and collecting trash (interaction Aiming and collecting trash (interaction –– 1 player)1 player)

•• RulesRules
–– Game area filled with trash and satellitesGame area filled with trash and satellites
–– Separate sectors availableSeparate sectors available
–– Sectors have to cleared in a given time frameSectors have to cleared in a given time frame
–– After given time a new satellite is launched (bonus score if secAfter given time a new satellite is launched (bonus score if sector tor 

is cleared, danger of collision if thrash in the sector)is cleared, danger of collision if thrash in the sector)
–– Collection of trash gives positive scoreCollection of trash gives positive score
–– Collision with active satellites gives negative scoreCollision with active satellites gives negative score
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Physical InterfacesPhysical Interfaces

•• ConceptsConcepts
–– Intuitive input possibleIntuitive input possible
–– Immediate mapping of user movements into the gameImmediate mapping of user movements into the game
–– Use of real trash and used partsUse of real trash and used parts
–– Input measured by potentiometers and processed by Input measured by potentiometers and processed by ArduinoArduino

boardsboards
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Physical InterfacesPhysical Interfaces

•• 3 users with 3 different physical interfaces per site3 users with 3 different physical interfaces per site
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Physical InterfacesPhysical Interfaces

•• Potentiometer (Potentiometer (PotiPoti) ) 
–– Resistor with a sliding contactResistor with a sliding contact
–– Adjustable Adjustable vvoltage divideroltage divider
–– Cheap, easy to gather dataCheap, easy to gather data

•• ArduinoArduino Board (Board (www.arduino.ccwww.arduino.cc//))
–– Ideal fIdeal foror hhomebrew installationomebrew installationss
–– Connection of Connection of ssensorensorss
–– PostPost--processing of processing of ssignalignalss
–– Output via serial interfaceOutput via serial interface
–– Cheap and easy to useCheap and easy to use
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Visual DesignVisual Design

•• InitialInitial Concepts Concepts –– SatelliteSatellite--, , ttrashrash-- aand snd ship hip designsdesigns
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Visual DesignVisual Design

•• Initial Concepts Initial Concepts –– Atmosphere and PerspectiveAtmosphere and Perspective
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Visual DesignVisual Design

•• LowLow--poly modelling in 3D Maxpoly modelling in 3D Max
–– Model generation and texturingModel generation and texturing
–– Separation into trash piecesSeparation into trash pieces

•• User guidance DesignUser guidance Design
–– HeadHead--Up DisplayUp Display

http://www.arduino.cc
http://www.arduino.cc
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ImplementationImplementation
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ImplementationImplementation
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ImplementationImplementation
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Software ImplementationSoftware Implementation

•• inVRs FrameworkinVRs Framework
–– Modular Virtual Reality frameworkModular Virtual Reality framework
–– Open Source (LGPL) (Open Source (LGPL) (www.invrs.orgwww.invrs.org))
–– Focus on input and output interface as well as extensibility of Focus on input and output interface as well as extensibility of 

single componentssingle components
–– Support of stereoscopic multiSupport of stereoscopic multi--display with help of OpenSGdisplay with help of OpenSG

http://www.invrs.org
http://www.invrs.org
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Software ImplementationSoftware Implementation

•• Software components and team distributionSoftware components and team distribution
–– inVRsinVRs
–– Navigation Navigation 
–– InteractionInteraction
–– Inverse KinematicsInverse Kinematics
–– PhysicsPhysics
–– NetworkNetwork
–– Game LogicGame Logic

•• Combination of all aspects and game play definitionCombination of all aspects and game play definition
–– Graphical effectsGraphical effects

•• ShadersShaders, Reflection Mapping, Shadows Mapping, Reflection Mapping, Shadows Mapping
–– HeadHead--Up DisplayUp Display

•• Mini Map, Target Indicators, Splash ScreensMini Map, Target Indicators, Splash Screens
–– AudioAudio

•• Soundtrack and Soundtrack and SSound ound EEffectsffects
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Software ImplementationSoftware Implementation

•• inVRs FrameworkinVRs Framework
–– Modular Virtual Reality frameworkModular Virtual Reality framework
–– Open Source (LGPL) (Open Source (LGPL) (www.invrs.orgwww.invrs.org))
–– Focus on input and output interface as well as extensibility of Focus on input and output interface as well as extensibility of 

single componentssingle components
–– Support of stereoscopic multiSupport of stereoscopic multi--display with help of OpenSGdisplay with help of OpenSG
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Software Software IImplementmplementationation

•• NavigationNavigation
–– Defined Defined byby Navigator Navigator aand Acceleratornd Accelerator
–– Closely coupled Closely coupled toto pphysihysiccs simulations simulation
–– AcceleratorAccelerator

•• Generates linear values which are used as an Generates linear values which are used as an iimpulse for the mpulse for the 
shipship

–– NavigatorNavigator
•• DefiDefines orientationnes orientation and heightand height

–– IssuesIssues
•• CybersicknessCybersickness
•• Loss of orientationLoss of orientation
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Software Software IImplementmplementationation

•• InteraInteracctiontion
–– Typically consists of selection and manipulationTypically consists of selection and manipulation
–– At initiAt initial discussion it was not clearal discussion it was not clear whether 3D or 2D whether 3D or 2D iinteranteracction tion 

is used, thus  we developed is used, thus  we developed following a twofold approachfollowing a twofold approach
–– HOMER vs. GoHOMER vs. Go--GoGo
–– GoGo--GoGo

•• NonNon--linear mapping of 3D linear mapping of 3D ssensor ensor onon 3D 3D ccursor position after ursor position after 
a certain threshold is passeda certain threshold is passed

–– HOMERHOMER
•• SSeleelecction via raytion via ray--castingcasting
•• Cursor transformation to selected Cursor transformation to selected oobjebjecctt
•• LoLoccal al mmanipulation with remote anipulation with remote oobjebjecct coordinatet coordinatess
•• Mapping of 2D Mapping of 2D iinteranteracction in tion in threethree--dimensional spacedimensional space

–– CalibratCalibrationion ofof iinstallation becomes necessarynstallation becomes necessary

http://www.invrs.org
http://www.invrs.org
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Software Software IImplementmplementationation

•• Inverse KinematiInverse Kinematiccss
–– Originates from Originates from rroboticsobotics
–– Typically used for simulationTypically used for simulation
–– Robot arm of the space ship is controlled by IK simulationRobot arm of the space ship is controlled by IK simulation
–– Finding of the position of the joints of the arm with informatioFinding of the position of the joints of the arm with information of n of 

base position and orientation as well as end base position and orientation as well as end effectoreffector
transformationtransformation

–– Two common approachesTwo common approaches were implementedwere implemented
•• Cyclic Coordinate Cyclic Coordinate 

Decent (Decent (CCD)CCD)
•• JacobianJacobian TransposeTranspose
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Software ImplementationSoftware Implementation

•• PhysicsPhysics
–– Implemented as an inVRs moduleImplemented as an inVRs module
–– Wrapper using Open Dynamics Engine (ODE)Wrapper using Open Dynamics Engine (ODE)
–– Simulation of Rigid Body Dynamics in generalSimulation of Rigid Body Dynamics in general

•• Collision detection,Collision detection, Simulation, ResultSimulation, Result
–– Additional representation of simplified objects necessary to Additional representation of simplified objects necessary to 

reduce needed processing powerreduce needed processing power
–– Typically objects are represented by spheres, boxes and Typically objects are represented by spheres, boxes and 

cylinders or a combination of these geometriescylinders or a combination of these geometries

Zur Anzeige wird der QuickTime™ 
Dekompressor „“ 

benötigt.
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Software ImplementationSoftware Implementation

•• Physics Physics -- Problem ModellingProblem Modelling
–– Manual specification of physical representation Manual specification of physical representation 
–– Finding an ideal representation is often complicatedFinding an ideal representation is often complicated

•• Inside of the objects is modelledInside of the objects is modelled
•• Instability through proportions of length, width and heightInstability through proportions of length, width and height
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Software ImplementationSoftware Implementation

•• NetworkNetwork
–– Hybrid architectureHybrid architecture
–– TCP for events, UDP for geometrical transformationsTCP for events, UDP for geometrical transformations
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InstallationInstallation

•• Presentation Presentation CConceponceptsts
–– JKU JKU 

•• FoFoccus on us on ttechnologechnologyy
•• Slide show, Slide show, ttechnologechnologyy pposterosterss

–– KUKU
•• FoFoccus us on topicon topic
•• UUse se ofof pprops (hats, rops (hats, ppowerbarsowerbars, etc.), etc.)
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InstallationInstallation
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Outlook and Future WorkOutlook and Future Work

•• OutlookOutlook
–– First stereoscopic installation supporting large scale networkedFirst stereoscopic installation supporting large scale networked

physics simulationphysics simulation
–– Networked collaboration and collaboration in teams in order to Networked collaboration and collaboration in teams in order to 

control a single entitycontrol a single entity
–– Novel input devices mapping user movement on physics Novel input devices mapping user movement on physics 

simulationsimulation
•• Future WorkFuture Work

–– Public presentation on a variety of festivalsPublic presentation on a variety of festivals
–– Desktop version with modified game playDesktop version with modified game play

•• Additional intro sequence explaining the background storyAdditional intro sequence explaining the background story
•• Accelerated game play, multiple levels, 1 vs. n playersAccelerated game play, multiple levels, 1 vs. n players
•• Additional 3D modelsAdditional 3D models

–– Evaluation of the applicationEvaluation of the application
•• User studiesUser studies
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