
Figure 2. Example of Event-Based Behaviour: Breaking a glass 
with a virtual hammer. 
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ABSTRACT 
3D graphics systems increasingly rely on sophisticated event 

systems derived from collision detection mechanisms, which 
support the discretisation of Physics as well as high-level 
programming and scripting. By contrast, Augmented Reality 
systems have not yet adopted this approach. We describe the 
development of a high-level event system on top of the ARToolkit 
environment incorporating the ODE Physics engine. We first 
define a typology of events encompassing interactions between 
virtual objects as well as interactions involving markers. We then 
describe how these events can be recognised in real-time from 
elementary collisions detected by the ODE Physics engine. We 
conclude by discussing examples of high-level event recognitions 
and how they can support the development of applications. 
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1 INTRODUCTION 
Simulating realistic physical object behaviour is an important 

aspect of all Virtual Reality systems, even more so when object 
motion is triggered, directly or indirectly, by user interaction. 
However, the real-time integration of all physical equations is 
beyond the reach of current systems and would compromise real-
time rendering. The solution adopted by many 3D engines, in 
particular computer game engines, consists of discretising 
physical simulation so that only kinematics will be constantly 
solved. Discretisation takes place at the level of specific events, 
such as collision between objects, or between objects and 
volumes.  This approach has further advantages in that it offers 
the possibility of programming system behaviour at the level of 
object interactions, sometimes in a specialised fashion which 
depends on the application semantics: in computer games, typical 
events described are landing, destroy, encroach, but many of them 
are reusable for other applications. This is probably why more 
traditional VR systems have also developed event systems [1]. 
Augmented Reality systems could naturally benefit from a similar 
approach. Traditionally the complexity of virtual scenes in AR 
systems has been much lower than in their VR counterparts. 
However, there has been recent interest in realistic physical 
simulation, particularly with the integration of advanced Physics 
engines into AR systems [3] .The concept of an event system is 
not widespread in AR. One of its first mentions was as part of the 
DWARF system [5] where one of the examples of “glue logic” 
was precisely to interpret positional changes in terms of high-level 

events (such as “entering a room”) [6]. However, no systematic 
event system (of the type of those encountered in computer 
games) had yet been described as part of these applications. 

In this paper, we introduce such an event-system, which is 
inspired from our previous work in high-level event systems for 
VR [2]. In the next sections, we show how this detection can be 
incorporated in the rendering cycle of the ARToolkit without 
compromising its performance and illustrate the potential uses of 
the system on implemented examples. 

2 SYSTEM OVERVIEW 
We use the ARToolkit system [4] as a development 

environment, in a configuration that includes the OSGART API 
(ARToolKit for OpenSceneGraph [7]) and the ODE Physics 
Engine (Open Dynamic Engine [3]). Our Event System, ESAR 
(Event System for Augmented Reality), which is the main focus 
of this paper, is an additional software layer developed in C++. 
ESAR proposes an event programming paradigm (inspired from 
those used in modern game engines) that facilitates the description 
of virtual objects behaviour. Following a traditional approach in 
3D engines, ESAR continuously intercepts basic object collisions 
and position changes and analyses them in terms of higher-level 
events, which we have termed interaction events.  

Figure 1 represents the integration of ESAR into the rendering 
and simulation cycle of the ARToolKit. The first sampling phase 
is performed after the ARToolKit update cycle (providing the 
marker position for the next frame), whereas the second sampling 
phase takes place after the collision detection cycle of the Physics 
Engine. During the first phase, ESAR interprets new marker 
orientations in terms of position events, such as the Tilted 
event. The second phase parses the collision contacts generated 
by the Physics engine during the object’s motion into high-level 
collision events. The system uses physical parameters (velocity, 
momentum) and object categories to add semantics to low-level 
collisions. The system operates by continuously intercepting 
primitive events (such as Collision and Position update), and 
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Figure 1. Integration of ESAR in the ARToolkit interaction and rendering cycle: Events can be generated both from interaction with 
markers and ODE-based physical simulation of object motion.

parsing them into higher-level events.  Event interpretation is 
based on the type of the objects involved in the event. For 
instance, the Hit event is generated from contacts between 
actors, while the Inpath event is activated from a contact 
between an actor and a flow. ESAR relies on a simple object 
ontology based on five main categories: ACTOR, MARKER, 
FLOW, VOLUME, and SURFACE. Event parsing also uses 
logical filters based on predicates involving object properties, 
such as Velocity (ob#1, LOW). Upon successful 
instantiation of a filter, an event instance is created and the 
appropriate objects notified. The response will depend on the 
event-function implementation at the object class level that 
defines its behaviour. Our complete interaction event ontology 
consists of seventeen events, this set can be used to programme 
object behaviour as discussed in the following section, in a similar 
way as implemented in modern game engines. 

3 EXAMPLE RESULTS 
The first example illustrates how ESAR can be used to encode 

the manipulation of objects based on interaction with markers, for 
instance transferring an object from one marker to another 
interactively. The user inclines a marker holding a sphere (Fig.1, 
t1). The Tilt event is recognized, in response, the control of the 
sphere behaviour is transferred to the ODE Physics engine. 
Consequently, gravity makes it falls off of the marker and collides 
with the marker situated below it (Fig.1, t3). From the collision an 
Encroached event is recognised and, as a further response, this 
sets the sphere’s physical mode as “supported” rather than “free”. 
The user is now able to manipulate the sphere with the other 
marker. The second example illustrates how events play a role in 
the articulation of the different elements of the objects behaviour 
(animation, change state, motion simulation). Here, the user hits a 
glass using a hammer; a collision is detected by the Physics 
engine between the two virtual objects, and intercepted by our 
event system (Fig.2, 1). The collision is then parsed against our 
ontology of collision events (Fig.2, 2); the high momentum of the 
hammer results in the recognition of a Hit event. The instance of 
the Glass object is then immediately notified of the Hit event 
(Fig.2, 3). Inside this class, a Hit event on a glass instance is 
interpreted as the shattering of the glass.  This in turn triggers an 
animation and propagates the impact to the object contained 
within (Fig.2, 4).      

4 CONCLUSION AND FUTURE WORK 
We have implemented a prototype version of ESAR which is 

fully functional in our test environment. For scenes of moderate 
complexity (up to 10 interacting objects, which corresponds to a 
large proportion of AR applications), the integration of ESAR 
does not significantly affect the overall performance, operating at 
an average rendering rate of 58 fps. Current limitations include 
some unstable behaviour produced by the ODE Physics engine, 
which will lead us to also explore alternative Physics engines. 

 
ACKNOWLEDGEMENTS 

Hartmut Seichter is thanked for providing us with source code 
exemplifying the integration of the ODE engine. This work has 
been funded in part by the European Commission through the 
CALLAS Project (FP6-2005-IST-5).    

REFERENCES 
[1] Hua Jiang, G. Drew Kessler ,Jean Nonnemaker, “DEMIS: a dynamic 

event model for interactive systems”, Proceedings of the ACM 
symposium on Virtual reality software and technology,  2002. 

[2] J-L. Lugrin, M. Cavazza, “Making Sense of Virtual Environments: 
Action Representation, Grounding and Common Sense”, 
Proceedings of the International Conference on Intelligent User 
Interfaces, Honolulu, Hawaii, USA, pp. 225-234, January 2007. 

[3] R. Smith, “Open Dynamic Engine”, www.ode.org, 2005. 
[4] H. Kato, m. Billinghurst, “Marker Tracking and HMD Calibration 

for a Video-Based Augmented Reality Conferencing System”, 
Proceedings of the Second IEEE and ACM International Workshop 
on Augmented Reality, San Francisco, pp. 85-95, 1999. 

[5] M. Bauer, B. Bruegge, G. Klinker, A. MacWilliams, T. Reicher, S. 
Riß, C. Sandor, and M. Wagner, “Design of a Component-Based 
Augmented Reality Framework”, Proceedings of the Second IEEE 
and ACM International Symposium on Augmented Reality, New 
York, USA, pp. 124–133, October 2001. 

[6] B. Bruegge, A. MacWilliams, and T. Reicher, “Software 
architectures for augmented reality systems – report to the ARVIKA 
consortium”, Technical Report TUM-I0410, July 2004. 

[7] J. Looser, R. Grasset, H. Seichter, M. Billinghurst, “OSGART - A 
Pragmatic Approach to MR”, In Industrial Workshop at ISMAR 
2006, Santa Barbara, California, USA, October 2006. 

Authorized licensed use limited to: Teesside University. Downloaded on June 03,2010 at 13:11:30 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




