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* Desktop Virtual Reality
— Cheaper and faster hardware

— Dedicated tools
 Authoring tools
— 3D Studio Max, Virtools, Google SketchUp, ...

 Application toolkits (programming libraries)
— VR Juggler, Java3D, OpenSceneGraph, ...

* Engines
— AVOK, Open Dynamic Engine (ODE), Panda 3D, ...

* Players
— Octaga, Flux, ...
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* Virtual Reality on the Internet/\WWeb

— Increased bandwidth

— VR standards for the Web
« VRML, X3D

— New Web technology, e.g., Ajax3D

— Increased availability of 3D content
* e.g., Google 3D Warehouse
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* Requires considerable VR
background knowledge

* No systematic development
pProcess
— Informal design phase
— Lack of methods
— Lack of abstraction mechanisms

g

* Expensive
* Time consuming
A lot of mismatches
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e Objectives of the Research

* To open the development of VR-
applications to a broader audience

* To allow a domain expert to be more
iInvolved in the design of a VR application

* To reduce the overall development time
and cost
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VR-WISE approach

* Introduction of a Conceptual Design phase

— High-level intuitive descriptions using the terminology of
the application domain

— Free from VR-implementation details

 Allows

— Abstracting from implementation issues
* Reduces the complexity
* No deep VR knowledge needed
« Domain experts may be involved
— Easier and earlier communication with stakeholders
 Earlier detection of design errors
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* Model-based development
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¥

World World
Specification Mapping )

Conceptual Mapping Step Generation Step

Specification Step
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* Graphical Conceptual Modeling Language

— High-level concepts for modeling

» Concepts and Objects
— Including complex connected objects by means of joins

 Positioning of concepts/objects
« Behavior of concepts/objects
* (Interaction)
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* Concepts

— Domain concepts
« Building, Pine Tree, Road Sign, Streetlight, Fountain, ...

— Properties
 Visual: high, depth, material, ... PineTree
* Non-visual: price, owner, ...

.
PineTree:smallPineTree
— Instances of concepts

« several Pine Tree instances
PineTree:bigPineTree
PineTree:myPineTree
VR-WISE
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» Spatial relations

— Objects can be positioned relative to each
other by means of spatial relations instead of
using exact coordinates

* in-front-of, above, left-of, ...

— More intuitive for non-VR-experts
Example:

my red car is 1 meter in front of my house

Q
.
Car:MyRedCar Eront »( House:MyHouse
(1m)
VR-WISE
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 Orientation relations

— To orient objects relative to each other by
means of their sides

* left, right, front, back, top, bottom

Example:
my red car’s right side is oriented towards the front side of my
house

Car:MyRedCar Right Ii_l} Front House:MyHouse
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Objects can be connected in different ways
— Connection axis relation

Door —@ » DoorPost
| B o .A AAAAAAAAAAAAAAAAAA » \'I
|

' \plane vertical moveTo right 0.45 ©:
' \plane perpendicular moveTo front 0.02 |

________________________________

: \plane vertical moveTo left 0.04 @
\plane perpendicular moveTo front 0.03 :

______________________________

Boat —@ » WaterSurface
\I

_____________________________
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» Constraints may exist on connections
— E.g., Hinge constraint for the door

e e e e e e K e X

___________________

Door “ @—> DoorPost

— Or a Joystick constraint

axis 1

/ =/
axis 2
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welding head <

- D—@

upper arm

Rail

< LowerArm + UpperArm

WeldingHead )

N———
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connection axis
(hinge)

connection point
(joystick)

@__,_,_.——v

e e s S e e S i

Components can move along the "~
connection axis: :
|

connection axis 2.5 to left b
(sliding) / 25toright 2
Base - Rail
____________________________________ k
P S
:Connectlon axis is intersection of:

' horizontal plane tranlated Base.Height/2 to bottom
| perpendicular plane
[

! g R : |
| Connection axis is intersection of: Ot

t horizontal plane translated Rail.Height/2 to top :

|
| perpendicular plane !
\
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« Specifying behaviors
— Action-oriented approach

— Independent from the static properties of the
objects and independent of how the behavior
IS iInvoked

« Specifying the invocation of behaviors
— Using events

VR-WISE
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« Specifying behaviors
— Primitive behaviors (actions)

« To change the position or the orientation of an
object
— move, turn, roll, resize, position, orientate ...

— —

reference
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— Primitive behaviors (actions)

« To change the appearance of an object at runtime

— E.q., transform, construct, destruct, group, ungroup,
disperse, combine ...

\
output
input
F—
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— Complex behaviors by combining behaviors
by means of operators

Examples:
« Temporal operator for synchronizing behaviors

X
beiore
(5s)

* Lifetime operator

I - N
\_/

enable

h

VR-WISE
EIS conference 2007 | page 25



Vrije

el Behavior Invocation

Brussel

¥

» Events are used to specify the triggering of

behaviors
° T|me Event elative (25 s)
¢ ConteXt Event {emperatu:?,Store.>.25>
 User Event (user interaction) A

OnProxy (5 m)

» Collision Event (inter-object interaction)

* Constraint Event

Gate [closed]
VR-WISE
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— More complexity can be expressed by means
of a scripting language

\speed ‘fast’

\repeat 3 time(s)

\variable assign 1 toi; assign O to d
\before assign5*itod

\after increment i by 1
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Mr. Phillip’s famous back kick.

S e

Avatar

has behavior
—

Leg

/speed 'very slow'
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Mr. Phillip’s famous back kick.

"y
has behaviL Ov(eBrI:ps
/speed 'very slow'
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Mr. Phillip’s famous back kick.

rFi G

u

Avatar
&
i Overlaps

has behavior (85

Leg on—- A

/speed 'very slow

Meels
Y (D s

on

owerlLe
g
A
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Concepiual Speciticaticn
Designer Verbalizer
{Graphical Intertace)
Designer

i _— OntoWorlg ‘ s P
Designer
— —

reViewer
]
Domain
Ontotogy Scene Graph

LRSS X3D Designer
B T oy ‘———"”"-_
D —
3D benavicr
Models scrpts

Java, Lua
\.I-T-I-‘ \;:::::::;;;;;I
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Conceptual Specificaticn
Designer

Graphical interface

= —P| Verbalizer \

{Graphical Interface) .
DeSigner for making the
conceptual models
I I \ 4
_— OntoWorlg ‘ =~ = 185 VR-WISE Visual Designer - [Diagram 0] lokd
ol File Edt View Project Window Help -8 X
Designer DS o~ BE» ?
Shapes X ;_ Leiibabiila |1. | o IR e R |2. Lo udadad |3. e o o e o o |5. LiGekitilal |6. Letilenita |7|4\
ey — Searchifar shap:sh: - E {X‘“’\}
— Type your search here |+ xc Bridge
Domain [E] Behavior Definition Diagrarn E {:)Et}-h* behavior e if 56"(‘X’
Ontology I L. E: [Farget.radius = source.leng * ,)
u X3D 5 i) = {)(u’\; ' output output
= A Hi =
e \___.// S n = s o Feckony Left > 'Xgﬁr‘ )
s ] 2 >c~9(inpu[ i *\ Part } { Part }
[~ » _ A MR T T o
50 benavior | T ol ol o -
Maode's scripts ! ] 3 ’l‘\}
e Java, Lua! :  ; i
Destruct :
j _: Knpul output
& . o
; Sl v
| {4 » M7\ Page-1 ) CityEvolution / iE3) [ I | Rl
VR-expert o y
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Tool Support

Conceptual Specification

Translates models

VR-WISE
EIS conference 2007 |

Designer -—- Verbalizer
Desi {Graphica! Interface)
signer i n t O
_— OntoWorlg ‘ (= Previewer
Designer 7
f " - L~
—— o= Verbalizer g@
] 2
Domain Bl & ?
Ontology Scon CityE volution LI
—— )
The BuildMuseum behavior creates a new object called Museum into the scene. BuldMuseum starts a
o T Lo ~—  |luansform (1d.60). The behavior 1d 60 changes the representation of the City Hall obect from a Cuboid
—  |lto a Hemi-Sphere. DestioyBndge executes mmediately when |d 60 finishes. The DestroyBridge
ap be behavior disperses the Bridge object into a Left Part object and a Right Part object. BuldMuseum
Models st |lfinishes 25 seconds before Restructure starts. The Restructure behavior groups the HQ and the
Jav Factory object into one single Site object. DestroyMuseum is executed at the same time of
—— Restructure. The DestroyMuseum deletes the Museum object from the scene. Both DestroyMuseum
and BuildStores have an overlap of 10 seconds. The BuldStores behavior creates multiple Store
v objects into the scene.
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Allows to specify:
Concepiual Speciticaticn .
— o " oosgrar . p----- woazee  *  the domain and the world
Désigner {Graphical Intertace)
-w‘a ppings
| OntoWorld g@
Eile Edit Insert Tools Windows Help
Ontoworla ---|zl=ls] ‘
CityEvolution.vrproj E][ iad]
De!ﬂgﬂer e 1 List of Concepts REI?::H CrerENETE [P [
Domain ‘ Ea: "
Domain world ‘ ‘
Ontotogy Scene Grapn J
X30 1 ‘ |
-~ Mapping | Add property Add value Add type ] ‘
. I |
"q sdD benavicr Domain ‘
ode's I
J:vc:'p:-ia T ‘ L Update Properties |
Code Generation
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Conceptual Specificaticn
i Designer >| Verbalizer \ Allows to
{Graphical Intertace)
Designer

preview the
world

Fast prototyping

I OntoWorlg ‘ == PreViewer
Designer
——_ *
SE—
mma|n £/ VR-WISE Viewer (Java 3D) = E\ &:
Ontology E 5 File Options Tools Help
Scene Grapn Designer —
B T oy \//_
S
ab benhavicr
Models scripts
T Java, Lua
:—7
VR-expert 7
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Conceptual Specificaticn .
—>{ " oosgne >| Vorbaizer \ Code generation
{Graphical Intertace)
Designer

———— 0060 behaviour_BusBehaviorWithSound.lua
E— OntoWorld PreViewer T o e e T YR
] oomhie fite descrives tno benavior forwithSound
Function ThisObject.h LorWithSound()
“irst, we create a fow local varisbles used here.
Desl mr 3 Tocal time = ThisObject:CetIntBehaviourParam(time”)
W if(time < 933) then
3 if((time >= 0) and (time < 933)) then
5| if((time >= 0) and (time < 174)) then
= ThisObject:Translate(0, 0, -0.994252873563218)
i xi({tuna > 174) and (tine < 264)) then i
— 9 Thisobject:Rotate(l, 0, 1,0)

end
B — if((time >= 264) and (time < 354)) then
ThisObject:Translate(-1, 0, 0)
B end
2 Lf((time >= 354) and (time < 444)) then
Domain : Thisoniect inetate(is o) 110)
. ond
- 444) and (time < 639)) then
Ontology Ye¥e) seometry 8us 3d T i )
SOO’\B Gfaph l [ AL YUY, VLG VLIS YL VLG UL L VLU LG LG | ]

I b 2 3 - ‘ > b - " 639) and (time < 729)) then

<?xml_version="1.0" encoding bject:Rotate(1, 0, 1,0)
i30CTYRE K30 PUBLICTT280//4eb30/ /0D X3 3.0//E

"http://wwa.web3d . ozg/speciucnsmslxsa-a 0.dtd"> - 729) and (time < sm) Chon
<X3D profile="Full" version="3.0"> jectiTranslate(1, 0
<head> e

hape_geometry 3us.x3d" name="filename"

le97rox3d“is(, http://ovrt.nist. gev/vz x3d.html" F.819) ana eine < 909)7 then
p— — name="generator"/> oject:Rotate(l, 0, 1,
</head> )
P — <scene> = 909) and (time < 933)) then
<Protobeclare name="shape_geometry_3us’> oject:Translate(0, 0, -0. ) <
<Protosody>

E 1 0.0 0.0 0.0"> = 174) and (time < 264) X

DE! ) the
(shape DEF="body" > ojec 'ranslate(-0. 078567&20)]1“3“6, Bieoim
benavier o :

ambientIntensity="0.25"
diffuseColor="

ray_Colo:
scrpts ImageTexture urie" miqés/bus side.png’/> )

</appearenaas
o 1 dIndex=" 0542 -1021-1432
11678 -1910118 -1">

§
Java. Lua <TextureCoordinate point="0.0077066 0.017324, 0.99741 0.017324,
0.99741 0.49809, 0.96549 0.97886, 0.039633 0.97886, 0.0077066 0.85867, 0.0077066
\_/— 0.017324, 0.99741 0.017324, 0.99741 0.49809, 0.96549 0.97886, 0.039633 0.97886,
010077065 085867, />
‘oordinate point="1.7909 0.0 -7.67, 1.7909 0.0 7.6904, 1.7909
1.982 7.6904, 1.7909 3.964 7.1949, 1.7909 3.964 -7.1745, 1.7909 3.4685 -7.67, -
18015 0.0 -7.67,"-1.8015 0.0 7.604, -1.8015 1.982 7.8904, -1.80i5 3.964
. =-1.8015 3.964 -7.1745, -1.8015 3.4685 -7.67,
</Indexcdraceset>
</Shape>
<shape DEF="front0l" >
<appearance >
<Material USE="LtGray_Color’/>
url="i _tront.png" />
</appearance>
zr='_z" dIndex=" 3 0 1 4 -14 125 -1">
Sacoordinate ™ polaror0:33614 0:018377, 0.93614 0.18085,
0.93614 0. 97202 0 072481 0. 013577 0.072481 0.48085, 0.072481 0.97202, "/> I
<Coordinate point'"l.7909 0.0 7.6904, 1.7909 1.982 7.6904, 1.7909
3.964 7.1949, 1.8015 0:0 7.6904, -1.8015 1,983 7-6904; -1.8015 3.964 7-1349, Y
rt e

s

</IndexedFaceset>
</shape>
<shape C%zs:”wpm" >
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* Ontology-based

— Domain ontology to describe the world
 Allows to use terminology of application domain

— Ontologies as internal knowledge representation

« Semantic Virtual Worlds

— Use of domain ontologies allows to capture real world
semantics
« Semantic search engines
« Semantic annotations
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» Conceptual design phase in the development
process of VR application

— More people can create a VR application

— More people can be involved
— Domain experts; other stakeholders

 Easier to satisfy the requirements and the expectations of
stakeholders

— Model-based

« Code can be generated
« Less expensive and faster

— Ontology-based
» Easier to incorporate semantics
 More usable, allows for semantic search, semantic annotations
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« Extending the set of modeling concepts:
— More primitive behaviors, e.g., coloring, sound, ...
— Mechanism for combining connections
— More constraints, like constraints on behavior
— Cameras, viewpoints, light sources, shadows, ...
— Interaction-controlled behavior
— Avatars

* Current work
— Scenarios
— Patterns for modeling behavior/the scene
— Semantic annotations for existing worlds
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Part of this work has been done in the
context of the OntoBasis project and the

VR-DeMo project (IWT)

See http://vr-wise.vub.ac.be
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