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Abstract

Virtual environmentsarecreateddy specifyingtheir content,
which compriseggeometry interaction,properties,and be-
havior of the objects. Interactionandbehaior canbe cum-
bersometo specify and create,if they have to be imple-
mentedthroughan API.

In this paper we take the script basedapproachto de-
scribingvirtual ervironments. We try to identify a generic
and complete,yet simple setof functionality, so that non-
programmergsanreadilybuild their own virtual worlds.

We extendthe commonobjectbehaior paradigmby the
notionof anAction-Event-Objedtiad.

Keywords: behaior, interaction scriptlanguagesvyirtual
reality.

INTRODUCTION

Today virtual reality is onthe verge of leaving the pure*“re-
searchdomain”. Among others,the automotve industryis
evaluatingits potentialin thedesigndevelopmentandman-
ufacturingprocesse$6, 5]. Still, thereis a greatlack of
tools to make VR an enablingtechnologywhich would be
easyto usein industryandentertainment.Creatingvirtual
worldsis still acumbersomandtediousprocess.Further
more,ary VR systemmeantto be usedwithin anindustrial
procesamustfacethe factthatit is just onelink in along
chainof softnarepackage¢CAD, CAE, FEM, etc.),which
mightimposealot of constraintandrequirements.

This papertries to proposea framewnork which increases
productvity whencreatingvirtual ervironments(VEs). VE
“authors”shouldbe allowedto experimentandplay interac-
tively with their “worlds”. Sincethis requiresvery low turn-
aroundtimes, ary compilation or re-linking stepsshould
be avoided. Also, authorsshouldnot needto learna full-

poweredprogrammindanguageA very simple,yet power-
ful script“language”will be proposedwhich meetsalmost
all needsof VE creators.As a matterof course,our virtual
worldsshouldbeinput-device independent.

In orderto achieve thesegoals,we try to identify a setof
basicandgenericuserobjectandobject-objectinteractions
which, experiencehastaughtus,areneededn mostapplica-
tions.

For specificatiorof avirtual world, thereare,atleast,two
contraryapproaches:

e Eventbased
Oneapproachis to write a story-boardi.e., the creator
specifieswhich action/interactiorhappensat a certain
time, becaus®f userinput, or ary otherevent.

A story-drivenworld usually hasseveral “phases”,so
we wanta certaininteractionoptionbeavailableonly at
thatstageof theapplicationandothersatanotherstage.

e Behaviorbased
Anotherapproacthis to specifya setof autonomousb-
jectsor agentswhich areequippedwith receptorsand
reactto certaininputsto thosereceptorgseefor exam-
ple[4]).
So,overstatinga little, we take a bunchof “creatures”,
throw theminto ourworld, andseewhathappens.

In the long term, you probablywantto be ableto useboth
methodgo createyour virtual world.

In this paper we will focuson the eventbasedapproach.
The languagéfor specifyingthoseworlds will be very sim-
ple for severalreasonsVE authors‘just wantto make this
andthat happen”,they don't wantto learn Pythonor C++,
Moreover, it is mucheasierto write atrue(!) graphicaluser
interfacefor a simplelanguagehanfor a full-poweredpro-
gramminglanguage.

All conceptdeingdevelopedherehave beeninspiredand
driven by concretedemandsduring recentprojects. Most
of them have beenimplementedn an interaction-module
whichis partof ourwhole VR system.



Overview. In the next section,we briefly discussthe ap-

proachothersystemsave taken. Then,we developourgen-

eral paradigmfor virtual world descriptions. This will be

furtherdetailedby the next two sections Finally, we present
somereal-world applicationsgive an outlook on our future

work, andgive someexamplesn the Appendix.

RELATED WORK

Therearequiteafew existing VR systemssomecommercial
someacademicSomeof themwewill considebrieflyin the
following.

Sense& WorldToolkit follows the toolboxapproachBa-
sically, it providesa library with a high-level API to handle
input devices,rendering,simpleobjectlocomotion,portals,
etc.

DIVE is a multi-user distributed VR platform. The sys-
tem canbedistributedon a heterogeneousetwork (making
useof thelsislibrary[3]). New participantof avirtual world
canjoin atary time. They will receve acopy of thecurrent
databaseAll behaior is specifiedasa (usuallyvery simple)
finite statemachine(FSM). Any FSM is part of someob-
ject’s attributes. Database&onsisteng is achieved by using
distributedlocks.

Division'sdVSfeaturesa 2D and3D graphicaluserinter-
faceto build andedit virtual worlds at run-time. Attributes
of objectsare geometry light source,soundsamplescol-
lision detectionparametersetc. Objectscanbe instanced
from classeswithin the descriptionfile of a virtual world.
Inheritancgandpolymorphism?aresupported Severalac-
tions canbe bundled(like a functionin C) andinvoked by
userdefinedevents. However, the syntaxseemgo berather
complicatecandnotreally aptfor non-programmers.

TheMinimal Realitytoolkit (MR) [15, 11] is anetworked
systemwhichusesascriptfile to describebehaior andshar
ing of objects.Scriptedobjectbehaior is compiledinto so-
calledOML codewhichis interpretedat run-time. For each
OML instanceheremustbeanassociate€++ class.

Unlike MR, we won't develop objects (“classes”)with
ratherhigh-level built-in behaiors, suchas Tanks,Bombs,
or Hills. Instead,we will identify actionson objectson a
muchlower, andthereforemoregenericevel.

We believe, thatkeepingall informationaboutthe virtual
world (i.e., geometry behaior, constraintsjn onefile can
beatediousandveryinflexible. We strictly separatgeome-
try, behavior, physicalpropertiesacoustiqropertiesetc.,in
separatdiles, unlike [11, 1, 10]. We feel thatthis will save
alot of time whendevelopingvirtual ervironmentshecause
very oftenthegeometrywill becreatedy third partiesor so-
phisticatecanimationsoftware. During severaldevelopment
iterationswe usuallygetseveralversionsof thegeometry

GENERAL CONCEPTS

A completeVR systemis a huge piece of software, con-
sistingof an objectmanagerrendererdevice drivers,com-
municationmodule navigationandinteractionmodule,and,
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Figure 1: The object manager is the central module of proba-
bly any VR system. All other modules which build on it “sim-
ulate” or render a certain aspect of the virtual environment.
Some of those are controlled by the interaction module (e.g.,
sound renderer and device drivers); others are “peer” (e.g.,
physically-based simulation).

Manager

probably physically-basedimulation,soundrendering vi-
sualizationapplication-specifimodulesgtc.(seeFigurel).

In this paper we will focuson the interactionmodule,
which dealswith navigation, basic interaction, and basic
“life” in ourvirtual worlds. We will notdealwith the overall
systemarchitecture.

Furthermorewe will restrictoursehesto the identifica-
tion of genericfunctionality Most of thetime, we will not
dealwith syntaxhere.

The visual part of a virtual world is representetby a hi-
erarchicalscenegraph. Everythingis a nodein this graph:
polyhedra,assemblieof polyhedra,LODs, light sources,
viewpoint(s), the user etc. Most functionality andinterac-
tion presentedelon will operateon the scene,.e., it will,
eventually changesomeattribute(s)of someobject(s).

Theaction-eventparadigm A virtualworld is specified
by a setof static configurationfgeometrymoduleparame-
ters, etc.) anda setof dynamicconfigurations. Dynamic
configurationsare objectpropertiesuserobjectinteraction,
actiondependenciegr autonomoudehaior.

The basic idea of dynamic configurationsis that cer
tain eventstrigger certainactions properties or behavior
e.g.,whenthe usertouchesa virtual button, a light will be
switchedon, or, whena certaintimeis reachednobjectwill
startto move. Consequenththebasicbuilding blocksof our
virtual worlds are actions events andgraphical objects—
the AEO triad" (seeFigure?2).

1In the object-orientegorogrammingparadigm actions, events,aswell
asgraphicalobjectsare objects However, in thefollowing we will usethe
termobjectonly for graphicalobjects.
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Figure 2: The AEO triad Anything that can “happen” in a
virtual environment is represented by an action. Any action
can be triggered by one or more events, which will get in-
put from physical devices, the scene graph, or other actions.
Note that actions are not “tied-in” with graphical objects, and
that events are objects in their own (object-oriented) right.

Notethatour actionsarenot partof anobjects attributes
(in fact,oneactioncanoperateon mary objectsatthe same
time).

In orderto be most flexible, the action-event paradigm
mustsatisfythefollowing requirements:

1. Any actioncanbetriggeredby ary event.

2. Severaleventscantriggerthesameaction.An eventcan
trigger several actionssimultaneously(mary-to-mary

mapping).
3. Eventscanbecombinedby booleanexpressions.

4. Eventscan be configuredsuchthat they startor stop
an actionwhena certaincondition holds for its input
(positive/neyative edge etc.)

5. Thestatusof anactioncanbetheinputof anothelevent.

We do notneedary specialconstructgasin [12]) in order
to realizetempoal operators. Parallel executionof several
actionscanbe achievedtrivially, sinceoneeventcantrigger
mary actions.Shouldthoseactionsbetriggeredby different
events,we can couplethemyvia anotherevent. Sequential
executioncanbe achiezed by connectinghetwo actionsby
an event which startsthe secondaction whenthe first one
finishes. Similarly, actionscanbe coupled(start-to-staror
start-to-stopywith adelay

Becausef our considerationsbove, we needto be able
to referto actionsand events. Thereforethey canbe given
aname.Basically therearetwo waysto declarean action-
eventpairin thescript:

action-name action. ..
event-name event. ..
action-namevent-name

wall clock time

/ \ global simulation time

individual action time

Y
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Figure 3: A simulation of virtual environments must maintain
several time “variables”. Any action can have its own action
time variable, which is derived from a global simulationtime,
which in turn is derived from wall clock time. There is a small
set of actions, which allow the simulation to set/change each
time transformation individually.

or
action. ..event...

where actionand eventin the latter form cannotbe refer
encecelsavherein thescript.

Most actionsoperateon objects,and mary eventshave
one or two objectsas parameters.In orderto achiere an
orthogonal language, thoseobjectscan have ary type (ge-
ometry assemblylight source gtc.) wheneersensible.

Time. Many actions(besideshavigation, simulation,and

visualizations)dependon time in someway. For example,
ananimationor soundsamplds to beplayedbackfrom sim-

ulationtime ¢; throught2, no matterhow muchcomputation
hasto be doneor how fastrenderings.

We maintaina global simulationtime, which is derived
from wall-clock time. The transformatiorfrom wall-clock
time to simulationtime canbe modifiedvia actions(to goto
slow-motion,for example,or to do atime “jump”).

Furthermore we keepan (almost) unlimited numberof
time variables. The value of eachtime variableis derived
from theglobalsimulationtime by anindividual transforma-
tion which canbe modifiedby actionsaswell (seeFigure3).

Thosetimes canbe usedasinputsto events,or to drive
simulationsor animations. Thus, time can even be used
to createcompletely“time-coded” partsof a virtual reality
show.

Grammar. The grammarin our systemis fault-tolerant
and robust againstvariations and abbreviations, such as
playback , play-back , anim, etc. Orderingof “com-
mands”should(almost)never matter! (We achieve this by
usinga multi-passparser)

For easycreationand maintenanceof almostidentical
scripts,full C-like preprocessingThe preprocessos'macro
featureprovidesan easyway to build librarieswith higher
level behaior.



EVENTS

Eventsare probablythe mostimportantpart for our world
description— they can be consideredhe “sensoryequip-
ment” of the actionsandobjects.They have theform

event-name triggerbehaior input parameters
whereevent-namas for further referencen the script, and
all but inputareoptional. Whenanevent“triggers” it sends
acertainmessagéo theassociatedction(s) usually“switch
on” or “off".

It is importantto sene a broadvariety of inputs(seebe-
low), but alsoto provide all possibletrigger behaiors. A
triggerbehaior specifiesvhenandhow achangeatthe“in-
put” side actually causesan actionto be executed. Let us
consideffirst the simpleexampleof ananimationandakey-
boardbutton:

animationon aslong asbuttonis down,
animationswitchon wheneer buttonis pressealowvn,
animationswitchon whenever buttonis released,
animationchangestatuswvhenever buttonis pressediown,
Theseare just a few possibilitiesof input—actiontrigger
behaior. Thecompletesyntaxof triggerbehaiorsis
action
on|off |switch _on|switch _off |toggle
while _active |while _inactive |
when_activated  |when_deactivated
input

It would be possibleto have the world builder “program”
thetriggerbehaior by usinga (quite simple)finite statema-
chine(asin dVS, for instance).However, we feel that this
would betoo cumbersomesincethosetriggerbehaiors are
neededrery frequently

In orderto be ableto trigger ary action at start-uptime,
theresa specialinput” namednitialize

All actionsmustbe ableto understandhe messagesn,
off ,andtoggle . All eventsmuststoretheircurrentstate,
whichwill bechangedy inputtransitions.

In additionto the basicevents, eventscanbe combinedby
logical expressionswhich yields a directed“eventgraph”.
This graphis notnecessarilyagyclic.

Our experienceshaws that it is necessaryo be ableto
actvate and deactvate actions. This is doneso a usercan
be preventedrom doingonething beforehe doessomething
elsefirst. An actionis deactvatedwhenit doesnt respond
to messagebeingsentby events. This is donevia a certain
action,which (de-)actvatesotheractions.Alternatively, it is
quite corvenientto be ableto braclet the actionsyou want
to (de-)actvate:

active  event
actions ...

endactive

A Collection of Event Inputs

Physical input includes all kinds of buttons (keyboard,
mouse spacemousdéyoom),flex andtracker values(are ac-
tive when above/belav threshold),gesturesposturegges-

tureplusorientationof thehand),voiceinput (keyword spot-
ting, enhancedy a simpleregulargrammaywhich cantol-
eratea certain(userspecifiedamountof “noise”).

Virtual buttonsare just like 2D buttonsof a GUI. Actu-
ally, they just checkthe collision betweerthe button object
andsomepointing “device”, usuallythe graphicalrepresen-
tationfor the fingertip. Any objectof the scenegraphcan
be avirtual button. Likewise, we have implementedvirtual
menus. Eachmenuitem can be the input to one or more
events.

Geometriceventsaretriggeredby somegeometriccondi-
tion. Amongthemareportals andcollisions.

A portal is an arbitrary object of the scenegraph. The
eventis triggeredby the inside/outside-statusf an object
with respectto that portal. By default, we checkthe cen-
ter of the objects boundingbox (or arny otherpointin lo-
cal space). The objectcanbe the viewpoint. This eventis
very usefulfor switchingon/off partsof the scenewhenthe
userenters/leges“rooms” (multiple virtual worlds), or for
(daisy-)chainingactionsandanimationgfor instance play-
ing asoundwhensomeobjectpassedy).

A collisioneventis triggeredby theexactcollision of two
objects(se€[19, 18)).

Any action’s status(onor off) cantriggeranevent. Some
actions(like callback , counter , etc.) have an action-
specificstatuswhich canbe usedalso. For example,coun-
tershave a currentvaluewhich canbe comparedo another
counteror a constant. The resultof the comparisoris the
inputto theevent.

All timevariablegseeabore)canbecomparedo acertain
timeinterval (which could crossthe wrap-aroundborderof
cyclic time variables!),or by oneof the usualcomparisons.
Theresult(0/1) is theinputto anevent.

Sometimeswe wantto “monitor” certainobjectattributes
(integer, float, vector, or string valued)andissuean action
when they change,while we don't care which action (or
othermodule!) setthem. The generalform of an objectat-
tributeeventinputis

attribute attribute-nameobject  object-nameomparison

Attributesare not only graphicalattributes(transformation,
material,wireframe, etc.), but also“interaction” attributes,
suchas“grabbed”,“falling”, etc. Thisimpliesthattheinter-

actionmodulemaintainsanadditional,augmentedepresen-

tationof all objectsof thescenegraph.

Objectattributesmight be setby our interactionmodule
itself (by possiblymary differentactions),or by othermod-
ules,so objectattribute eventscanprovide a kind of simple
accesgontrolmechanisnin somecases.

Any actions statecanbefed backinto aneventin orderto
trigger otheractions. Certainactions(like counter ) pro-
vide specificstateswhichwe caninterrogatealso.



ACTIONS
Actionsarethebuilding blocksfor the“life” in avirtual ervi-
ronment.Anythingthathappensaswell asary objectprop-
ertiesarespecifiedhroughactions.

Actionsareusuallyof theform

action-name functionobjectsparametersptions

All actions should be made as generalas possible,so it
shouldalwaysbe possibleto specifyalist of objects(instead
of only one).Also, objectscanhave ary type,when&ersen-
sible (e.g., assemblygeometry light, or viewpoint node).
The action-namés for laterreferencen thescript.

Consistency Thisis certainlyanissuein ary VR system
beingusedfor real-world applicationsHere, we will notdis-
cussthe problemsarisingin multi-userVEs, or in systems
with concurrentmodules. The problemof consisteng ex-
istsevenwithin ourinteractionmodule.Someof theactions
describedbelow settransformation®f objects. Obviously,
thosewill interferewhenthey act at the sametime on the
sameobject.For example,in applicationdor automotiein-
dustrieswe cangraban objectwith our left handwhile we
stretchandshrinkit with theotherhand.Theproblemarises
also,whenanactiontakesover (e.g.,we scaleanobjectafter
we have grabbedandmovedit).

Flushingtransformation®r squeezingheminto onema-
trix is notaverygoodidea,sincewe loosetheoriginal object

and we have no control over the order of transformations.

We do not want to loosethe transformation®f earlierac-
tions,becausghisis valuableinformationwe mightneedin
afurtherstep“outside”the VR system.

Oneway to dealwith thatis to imposea strict sequencef
transformation$o beusedperobject,atleastfor objectsun-

derthecontrolof thismodule.We have choserthesequence:

scalingx rotationx translation
Anotherissueariseswhenwe uselevels-of-detailLODSs)
in the scenegraph. Sinceary objectcanbe a LOD node
or a level of an LOD, ary action shouldtransparentlyap-
ply changedo all levels, so that the author of the virtual
world doesnt have to botheror know whetheror notanob-
jectnamedenotesanLOD node(or oneof its children).

Navigation.

The most basic“interaction” with a virtual world is navi-
gatingthroughit. We won'’t gointo athoroughdiscussiorof
differenttechniquedere.Thatcanbefoundin [2, 8, 16, 14].
Instead,we will just statethata VR systemmustbe easily
configurableandableto switchto abroadvarietyof devices
suchasmouse spacemousdyoom,glove andHMD, micro-
phone getc.

For thesedifferentdevices,the VR systemmustprovide
differentnavigationparadigmssuchaseyeball-in-handrel-
ative mode point-and-fly or voicenavigation(seeFigure4).

None of navigation modesmustrely on the assumption
that the cartis an immediatechild of the root. We might
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Figure 4: All navigation modes can be mapped on the flying
carpetparadigm.

wishto make the carta child of anotherbject,which could
beanimatedfor example.

Therearemary parametersvhich affect userrepresenta-
tion: navigationspeedsizeandoffsetof thehand,scalingof
headmotion,eye separationetc.

Navigationcanbe switchedon/off by any event. With the
point-and-flyparadigmthisis usuallya gestureor a spoken
command.

By usingthe abstractiorof logical input devices all navi-
gationmodesarecompletelydevice-independeri8, 9].

A Collection of Actions.
During our pastprojects,the setof actionslisted briefly be-
low hasprovento be quitegeneric.

Thescengyraphcanbechangedy theactionsload,save,
deletecopy, creatgbox, ellipsoid,etc.),andattach(changes
scenehierarchyby rearrangingubtrees).

Some actions to change object attributes are switch,
wireframe, rotate, translate,scale(set a transformationor
add/multiplyto it). Otherschangematerialattributes,such
ascolor, transparentr texture.

The “grab” action first makes an object “grabbable”.
Then,assoonasthe handtouchesit, it will be attachedo
thehand.Of coursethisactionallows grabbingalist of sub-
treesof thesceneggraph(e.g.,move atablewhenyougrabits
leg).

By addingjustafew morepropertiesandfunctionality, we
canfurtherincreasebelievability of ourworlds. Thoseaddi-
tional propertiesarefriction, which makesobjects“ride on
top” of others,andpushing which preventsinterpenetration
(se€[13)).

Whenthe*“stretch” actionis invokedon anobject(or sub-
tree), handleswill be displayedat the cornersandfacesof
its boundingbox. Thesecanthenbe grabbedandwill scale
theobject(s)asthey aremoved. Thisactionis quiteusefulto
selecta certainspacdan theworld or to createplaceholders
from genericobjectslik e spheresgylinders,etc.

The“sweep”actiontracesout the volumewhenthe user
movesanobjectby replicating(simplified) copiesof it. This
wasusedo checkserviceabilityof, for example carengines.



A greatdealof “life” in avirtual world canbe createdoy
all kinds of animationsof attributes. Our animationactions
includeplaybackof transformationsyisibility, transpareng
(for fading),andcolor from afile. Thefile formatis flex-
ible so that several objectsand/orsereral attributescan be
animatedsimultaneously Animationscan be time-tagged,
or just be playedbackwith a certain,possiblynon-integer,
speed.

Animations can be absoluteor relative which just adds
to the currentattribute(s). This allows, for example,simple
autonomou®bjectlocomotionwhich is independenbf the
currentposition.

Oneof themostbasicphysicalconceptss gravity, which
increasesbelievability” of our worldstremendouslylt has
beenimplementedn anaction“fall”, which makesobjects
fall in a certaindirection and bounceoff “floor objects”,
which canbespecifiedseparatelyor eachfalling object.

As describedabove, thereareactionsto setor changehe
time transformatiorfor thetime variables.

Constrained movement. Occasionallywe want to con-
strainthemovementof anobject.It isimportantto beableto
switchconstrainton andoff atary time, which canbedone
by a classof constraint actions.

Several constrainton transformation®f objects,includ-
ing the viewpoint, have provenuseful:

1. Constrairnthetranslationn severalways:

(a) fix oneor morecoordinatedo a pre-definedr to
their currentvalue,

(b) keepthedistanceto otherobjects(e.g.,ground)to
apre-definedr to thecurrentvalue. Thedistance
is evaluatedn adirection,which canbespecified.

This canbe usedto fix theuserto eye level, for terrain
following, or to make the userride anotherobject(an
elevator, for example).

2. Constrainthe orientationto a certainaxis andpossibly
the rotationangleto a certainrange. This canbe used
to createdoorsandcarhoods.

All constraintscanbe expresseckitherin world or in local
coordinates.Also, all constraintscanbe imposedasanin-
terval (a doorcanrotateaboutits hingeonly within acertain
intenval). Interactionwith thoseobjectscanbe mademore
corvenient,if thedeltasof theconstrainedariable(s)arere-
strictedto only increasingor decreasingalues(e.g.,thecar
hoodcanonly be openedout not closed).

Anotherconstraintis the notion of walls, which is a list
of objectsthatcannotbe penetratedby certainotherobjects.
This is very usefulto constrainthe viewpoint (all first-time
usersof VEswonderwhy they canfly throughwalls). It can
beusedfor any othermoving objectaswell.

Of course the constraintdisted above arejust very sim-
ple onesfor morecomplicated'mechanisms”agenerabp-
proachwill beneededlike [17] or [20, 7].

Object selection. Theremustbetwo possibilitiesfor spec-
ifying lists of objects:hard-wiredanduserselected

In entertainmenapplicationsyou probablywantto spec-
ify by nametheobjectsonwhichanactionoperatesThead-
vantagehereis thatthe proces®f interactingwith theworld
is “single-pass”.The downsideis inflexibility, andthe writ-
ing of theinteractionscriptmightbe morecumbersome.

Alternatively, we canspecifythatanactionoperate®nthe
currentlyselectedist of objects. This is moreflexible, but
the actualinteractionwith the world consistsof two passes:
first the userhasto selectsomeobjects thenspecifythe op-
eration.

Finite state machines. The systemcanmaintainan arbi-
trary numberof countes. Thosecounterscanbe set,incre-
mented,or decrementedia certainactions. They can be
usedasinputto events(whichin turntriggerotheractions).
Countersare very usefulto switch from one “stage” of
a “story-based"VE to the next one by the samegestureor
voice commandpr they canbe usedto build morecompli-
catedautomatgactraffic light, for example).

User modules. From our experience,most applications
will needsomespecialfeatureswhich will be unnecessary
in otherapplicationsln orderto incorporateéhesesmoothly
our VR systemoffers “callback” actions. They can called
right after the systemis initialized, or onceper frame (the
“loop” function),ortriggeredby anevent. Thereturncodeof
thesecallbackscanbefedinto otherevents,souserprovided
actionscantriggerotheractions.

Theseuserprovided modulesare linked dynamically at
run-time,which significantlyreducegurn-aroundime.

It is understoodhatall functionality of the scriptaswell
asall datastructuresnustalsobeaccessibléo suchamodule
via asimple,yetcompleteAPI.

APPLICATIONS

An earlyapplicationof ourintegratedVR systemwasshavn
at the “Industry Exhibition Hannover” in Spring 1995. By
then, mostkey conceptshad beendesigned. At the shaw,
we tried to pointoutsomepossibleapplicationf VR in the
automotve industry

A demonstratoffor virtual prototypingwas built using
our VR systemin May 1995[5]. One of the key features
wasreal-timecollision detectior{19] for clashandclearance
checks(seeColor Platel). Othersare volumetracingand
constraintgto modelthe hoodof the car). Flexible objects
(like a hose)were implementedby an application-specific
module.



For thelAA autoshaw in Frankfurt,Germaury, in August
1995, we built the inside of a dieselengineasa virtual en-
vironment. A usercouldfly insidethe comhustionchamber
andwatchseveral comhustioncycleswhile interactingwith
the air flow field. This wasalsoshown at the Detroit Auto
Shav in 1996. One of the key featurestherewas the vi-
sualizationof time-variantflow-fieldsin the swirl port and
in the comhustionchamber(seeColor PlatelV). All data,
geometry animations,and flow fields have beenimported
from simulationpackages.This is wherethe necessityof a
conceptof time becomesvident: all animations(like pis-
ton head,valves,andtemperatureolor) mustcoincidewith
thevisualization gventhoughmostof themarenot specified
on the completecycle. Furthermoreglobal simulationtime
mustbe setsometimedo a certainvalue, or the “speed” of
simulationtime mustbe sloweddown or stoppedaltogether

PRESENTAND FUTURE

We believe that the action-eent-objectparadigmis very
powerful, yetatthesametime remainingsimpleandmaking
it easyto learnto createnon-trivial contentn virtual environ-
ments. The setof actionsandeventsproposedn this paper
shouldbe capableof handlingmostbasicbehaior andin-
teraction.The concepbf eventsgivesgreaterflexibility and
relievesthe VE authorfrom the burdenof maintainingstate
variables.A variety of navigation modes,aswell asobject
constraintshave beendescribed.Actions have beenidenti-
fied to selectand manipulateobjects,andto animateobject
attributes. Application-specificmodulescan be integrated
smoothly In the contet of VR, conceptdor handlingtime
andconsisteng have beenpresented.

In thefuture,we will implementan easy-to-usgraphical
userinterface,so virtual environmentscanbe built on-line.
It shouldbe possibleto add,delete,andchangeactionsand
eventsat run-time A VE creatormight even wantto “re-
wire” actionsandeventsat run-time. To this end, the sys-
tem mustkeepa completehistory of the stateof all actions,
events,andthescenggraph!

Sofar, we can“can” setsof actions/gentsby definingpre-
processomacroswhich arekeptin librariesandcanbein-
cluded. With a graphicalworld editor, it would be nice to
have accesdo those too.

EXAMPLES

In this section,we will give afew excerptsfrom the scripts
which were written to implementthe virtual ervironments
describedabore.
Thefollowing exampleshavs how the point-and-flynav-
igationmodecanbe specified.
cart pointfly dir fastrak 1\
speed joint  thumbouter \
trigger gesture  pointfly
cartrev  gesture  pointflyback
cart speed range 0 0.8
glove fastrak 1

Thehoodof a carcanbe modeledby the following lines.
This hood canbe openedby just pushingit with the index
finger

constraint rot Hood neg \
track IndexFinger3 \
axis abto cd\
low -45 high 0\
on when active collision
Hood

Fingerl3

The following examplewill make objectfall dowvn and
bounceoff the floor-objectswhen releasedby the hand.
Additionally, a soundwill be playedeachtime the object
bounces.

grab object toggle when activated

gesture  fist

gravity 0.2
fall  object floors  floor-objectsparameters\
switch on when deactivated

grabbed object
sound sound-file switch
activated collision

on when
objectfloor-object

Menusetupconsistof two parts:the interactionwith the
menuitself,

menu popup MyMenu options speech "menu"
menu acknowledge MyMenu joint
thumbouter

andthespecificatiorof actionstriggeredby menuselections

action menu button  MyMenul

In orderto provide acousticfeedbackwhenaction A is
switchedon, we canwrite

sound sound-file switch on when

activated action A

Finally, wewill presenanexampleof alibrary “function”
to make clocks. (This assumeshat the handsof the clock
turnin thelocal xz-plane.)

define CLOCK( LHAND, BHAND)
timer LHANDcycle 60
timer speed LHAND1

[* rotate little hand every minute by

6 degrees in local space *

objattr LHANDrot add local 6 (0 1 0)
time LHAND 60

[* rotate big hand every minute by
0.5 degrees in local space */

objattr BHANDrot add local 05 (0 1
0) time LHANDG6O /* define start/stop
actions  */

Stop##LHAND : timer speed LHANDO
Start##LHAND timer speed LHAND1

The## is aconcatenatioffieatureof acpp . By applyingthe
definition CLOCKo a suitableobject,we make it behae as
aclock. Also, we canstartor stopthatclock by theactions



CLOCK( LittleHand, BigHand )

action  "StartLittleHand" when

activated speech "clock on"

action  "StopLittleHand" when

activated speech ‘"clock  off"
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