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Abstract

We presenta flexible andpowerfulconceptfor the
modelingof interaction in virtual environments.Our
approach is basedon threebasicentities:tools,medi-
ators, and interactionoperators. Toolsdefinetheba-
sic interactionmodeandare theinterfaceto theuser.
Mediatorsare theinterfaceto thescenegraphandare
attachedto nodesin thescenegraph. Interactionop-
erators implementtheactual interactionfunctionality
andusea tool anda mediatorasparameters.

We realizedthis interaction conceptin Avocado,
our framework for developingvirtual environmentap-
plications. We implementeda variety of tools, medi-
ators, and interactionoperators for differentapplica-
tion prototypesandfoundour conceptto bequitecon-
venientto use.

1. Introduction

Interactionin immersivevirtual environmentsis of-
tenquiteprimitivecomparedto interactionwith desk-
topapplications.In particular, therearenoestablished
standardsfor the interactionandmanipulationof vir-
tual objects,which is oftena centraltaskin many ap-
plications. For suchtasks,we found a virtual tools
basedapproachto work quite well. This might be
mainly due to the fact that this approachresembles
how we work in real life, wherewe simply employ
differenttoolsfor differenttasks.

Thispaperdescribestheideasandconceptsbehind
a virtual tools basedapproachimplementedin Avo-
cado [3], our virtual environment framework. Vir-
tual toolscanalsobeusedto navigatein theenviron-
ment,but herewe focuson how virtual tools interact
with virtual objectsin a scenegraph. We have struc-
turedour interactionconceptinto threedifferenten-
tities: virtual tools,mediators,andinteractionopera-
tors. Virtual tools definethe basicinteractionmode

andthey aretheinterfacefrom therealworld into the
virtual world. Mediatorsspecifyat which level in a
scenegraphtheinteractionshouldoccurandthey also
provide an interfaceinto the scenegraph. The inter-
actionoperatorimplementstheinteractionfunctional-
ity and it takes tools andmediatorsasoperands.In-
teractionoperatorsaretemporaryobjectsandthey are
instantiatedfor eachinteractionand discardedafter-
wards. This reflectsdirectly the temporarynatureof
theinteractionprocess.

From developingdifferentapplicationprototypes,
we foundthatour interactionframework often letsus
expressourinteractionideasin astraightforwardman-
ner. Nevertheless,thevirtual toolsbasedapproachde-
scribedin this papershouldbeseenasonly oneinter-
actionconceptto choosefrom andit needsto mix and
matchwith otherinteractionmetaphors.Wehaveused
it for examplein conjunctionwith passive realworld
propsandfoundtheseconceptsto work seamlesslyto-
gether.

2. Avocado

Avocadois anobjectorientedprogrammingframe-
work for building distributedinteractive virtual envi-
ronmentapplications.Avocadois basedon SGI Per-
former. It augmentsthePerformerAPI with fieldsand
field-connections,conceptswell known from other
graphicsAPIs like OpenInventorand VRML. Fields
representthe stateof objects. Field connectionsare
usedto build adataflow graphorthogonalto thescene
graph. Avocado’s field interfaceis thebasicbuilding
blockfor thedistribution. Multiple Avocadoprocesses
arekeptsynchronizedby simply keepingthefieldsof
sharedobjectsin sync.

Avocadosupportsfastapplicationprototypingand
scripting through the interpretedlanguageScheme.
All Avocadoobjectslike nodesin thescenegraphcan
becreatedandmanipulatedfrom Schemeat run time.
Applicationsareoften a collectionof scriptswritten



in Scheme.ThesescriptsinstantiateAvocadoobjects,
manipulatefield values,andhandlethe dataflow be-
tweenthem.

3. Basic Building Blocks

The developmentof our interactionconceptwas
drivenby thedesireto meetthefollowing setof goals:

� The specification of interaction possibilities
should be orthogonalto the scenegraph. We
wantedto be ableto addinteractionto an exist-
ing scenegraphwithoutmodificationof thescene
graphstructure.This directly correspondsto the
wayourvirtual environmentsareauthored.First,
thegeometricstructureof anenvironmentis de-
fined, and then the interactionpossibilitiesare
specified.

� The selectionof different, abstractinteraction
modesshouldeasilybepossible.Most usersare
familiar with theconceptof differentinteraction
modesfrom their work with 2D userinterfaces.
Our approachshouldenablethe applicationde-
signerto usethis conceptfor 3D userinterfaces
in orderto presenta familiar interactionenviron-
mentto theuser.

� Theinteractionconceptshouldnotdependonthe
selectionmechanismused.In particular, our ap-
proachshouldsupportany mechanismthatallows
theselectionof asingle,specificobjectin ascene.

� Simple things should be simple! The specifi-
cation of simple, every-dayinteractionpatterns
shouldbe simpleandstraightforward,while the
interactionconceptshouldstill bemightyenough
to specifymorecomplex interactions.

� The implementationof our interactionconcept
shouldleadto a setof general-purposebuilding
blocksthatsupportAvocado’sscriptinginterface.
Thiswouldenabletheapplicationprogrammerto
quickly assemblenew interactionpatternsusing
only thescriptingfacilities. This canbedoneat
run-time,leadingto averyshortdevelopmentcy-
cle for interactiveapplications.

To achive thesegoals we structureour aproach
aroundthreebasicconcepts:virtual tools,mediators,
andinteractionoperators.The following sectionsde-
scribeeachconceptin moredetail.

3.1. Virtual Tools

Virtual tools,similar to [1] and[2], definethebasic
interactionmode.They allow usersto performspecific
taskslike rotating, scaling,or changingthe color of
objects.Toolsaretypically attachedto input devices,
which contain6 DOF sensorsandother inputs from
therealworld likebuttonsor potentiometers.A typical
input device could be a tracked wandequippedwith
buttonsor a dataglove with a 6 DOF sensormounted
on the back. Tools also carry additionalparameters
requiredfor thetask,for examplea”color editingtool”
knows abouta color palette,a ”drag tool” hasa high-
light color for high-lightingtheobjectbeingdragged,
andsoon.

3.2. Mediators

Mediatorsareattachedto nodesin thescenegraph
andspecify at which level in the scenehierarchyan
interactionmaytakeplace.Mediatorsalsoprovidethe
interfaceto thescenegraphthroughwhichaninterac-
tion occursandthey carry objectspecificinteraction
information. Mediatorscomein differentflavors, e.
g. a ”matrix mediator”allows the specificationof a
matrix,a”materialmediator”providesaninterfacefor
specifyingmaterialproperties,a”script mediator”car-
ries a Schemescript, andso on. Multiple mediators
canbeattachedto anodeto allow themanipulationof
differentproperties.

3.3. Interaction Operators

Now thatwe have equippedtheuserwith a virtual
tool andthe scenegraphwith mediators,we needto
specifyhow andwhena tool anda mediatorinteract
with eachother. Here we introducethe conceptof
interactionoperators,which implementthe actualin-
teractionfunctionalityandtake toolsandmediatorsas
operands.Thetool parameterizestheinteractionfrom
theuser’s sideandthemediatorparameterizesthe in-
teractionfrom theobject’s side. Interactionoperators
are temporaryobjects,which exist only for the du-
ration of the actualinteraction. This propertynicely
reflectsthe temporarynatureof commoninteraction
processes,e. g. pickingupanobject,moving it some-
where,anddroppingit off.

A two-dimensionaldefault interactionmatrixmaps
compatibletool-mediatortypepairsto interactionop-
erators.For example,theinteractionmatrixmightmap
the ”drag tool” - ”matrix mediator” pair to a ”drag
operator”. The default interactionmatrix is a sub-
setof the tool-mediatorcompatibility matrix (Figure
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Figure 1. The tool-mediatorcompatibility matrix
list the possibleinteractionoperatorsfor eachtool-
mediatorcombination.Thedefault interactionmatrix
is a subsetof the compatibility matrix. This exam-
ple shows possibleoperatorsfor a few selectedtool-
mediatorcombinations.Thedefault interactionoper-
atorsaresetin boldface.

1), which lists all compatibleinteractionoperatorsfor
tool-mediatorpairs. Selectingan object in the scene
startsan interactionprocess. Our selectionmecha-
nismis currentlybasedon ray-objectintersection,but
it couldbe replacedby any othermechanismthat se-
lectsa singleobject. By pressinga trigger button on
theinput device connectedto thevirtual tool, a ray is
sendinto thescene.Whenit hits anobject,thescene
graphis traversedbottom-upsearchingfor mediators.
Whenever a mediatoris found,it is checkedif the in-
teractionmatrixcontainsanentryfor thecurrenttool-
mediatorpair. If thatis thecasetheinteractionopera-
tor is instantiated,otherwisethesearchcontinues.

Thedefault interactionmatrix is a convenientway
to handleinteractionsin mostcases.Sometimesthis
processneedsto be refinedfor two differentreasons:
First, there might be different interaction operator
implementationsavailablefor a certaintool-mediator
pair. Theinteractionmatrix canonly provide a single
default. Second,theremight be multiple compatible
mediatorsalong the pick path. This becomesespe-
cially importantwhenusingscriptedinteractions.For
example,a ”script mediator”carriesa Schemescript
that is executedwhen the user clicks on an object.
Sucha script could implementdifferent interactions,
one script might changethe level-of-detail, another
might iconize an object and so on. Sinceboth me-
diatorsareof type”script mediator”botharecompat-
ible with thesamesetof toolsandthefirst onein the
bottom-upsearchalong the pick path would always
beselected.We addressthefirst problemby allowing
toolsandmediatorsto overridethedefault interaction
matrix on a per instancebasis. The secondproblem
can be solved by introducingnon-uniquenamesfor
mediatorsandtools. This allowsa mediatorto list the
toolsit wantsto interactwith andvice versa.

4. Conclusions and Future Work

Wehavepresentedaconceptfor object-basedinter-
actionin virtual environmentsthatseparatestheinput
andintentionof the user, theobjectselectionmecha-
nismandinterfaceto thescenegraph,andtheinterac-
tion processinto threedifferententities:virtual tools,
mediators,and interactionoperators. We have used
this conceptto implementa variety of prototypeap-
plications,including geosciencevisualization,steer-
ing of automotive crashsimulations,andinterior de-
sign.Wefoundthatmostof ourspecificinteractionre-
quirementscouldbeeasilymappedontothedescribed
framework. Thevirtual toolsbasedapproachwasof-
tenintuitiveandimmediatelyunderstoodby ourusers,
in particularwhenworkingwith workbenchtypeenvi-
ronments.

As a next stepwe plan to supportthe conceptof
compoundmediators. A compoundmediatorunites
multiple mediatorsinto a single one. This allows
building complex mediatorsfrom simpleoneswithout
any programming.

We have developedour interactionconceptalso
consideringdistributedinteraction.Thevirtual tool is
typically a local entity, whereasthe mediatoris dis-
tributed with the scenegraph. The most interesting
detailis thattheinteractionoperatorcanbeconfigured
to beeitherlocal or distributeddependingon various
issuesincluding computationalrequirementsand the
amountof datathat needsto be transferredbetween
tool, mediator, andinteractionoperator.
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