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Collaborative virtual training environments, architees. the use of collaborative virtual environments asaaning
tool. Virtual Environments (VE) are particularly

ABSTRACT appropriate for training collaborative emergency skaks,

demonstrated by the many successful examples of its use in
training; e.g. flight simulators, which have provided
invaluable training for pilots. The advantages of virtual
environments over other technologies become obvious
when examining their main attributes: visualization

Recently technologies have improved training practices
tremendously, especially practices that require
visualization and collaboration to enhance the

understanding of any situation and to deploy strategies to _
solve these problems. Visualization of problems enémac ~ (Rohrer 2000), presence (Nunez and Blake 2000; Slater

trainee’s understanding of it in a more natural way that and Steed 2000), co-presence (Witmer 1998), and
mimics everyday practice in the real world. Once atale ~ IMmersion Casanueva and Blak2001). These attributes
picture of the situation has been constructed, theeeain &I!oW a recallable experience to be formed in thengels

can then try different approaches to remedy it andftrere ~ Mind (Romano and Brna 2000).

learn by experience. This paper investigates the use of One of the major contributions of this paper is presgnt
collaborative virtual environment (CVE) technologyr fo  an architecture where the scenario logic is separaveu f
training purposes. We present an architecture for CVEs the simulation environment. The aim is to develop a
developed with the purpose of being domain independent flexible architecture which caters for different sagos

by separating scenario logic from the simulation Moreover, we believe such flexibility confers theldaling
environment. We believe that such separation leads to advantages:
flexible environment that can easily be modified ingw > The
scenarios. To demonstrate this we have built twossen

to show how the logic can be separated and controlbea fr
outside the environment. The first scenario allows ne
police recruits to be embedded in a collaborative virtual

scenario logic and the simulation
environment can be modified independently
allowing iterative development cycles and easy
substitution of elements in the environment.

environment with other participants (witnesses, ojpanat > T_he de:couplln_g of the scenario logic from the
room operators, etc) with the purpose of investigatingy an simulation environment encourages encapsulation
dealing with the aftermath of vehicle accidents. Témad and other good object-oriented coding practices
scenario allows participants to attend a virtual lectume thus easing the generation of CVEs.

both environments we show how a trainer can mortiter The work presented in this paper is both a proof of qunce
environment and trigger events that unfold the scenario. for a domain-independent architecture and the ground
Placing the logic in the hands of the trainer is our goa work for the generation of the related easy-modifiable

show how a collaborative virtual environment camizde collaborative virtual environment. We propose to achi
flexible. It also lays the basic ground for a proposed the domain-independence by introducing an intermediary -
domain-independent architecture. called Events Space- between the scenario logic @store

knowledge base (KB) systems format) and the simulation

INTRODUCTION environment. The advantages of such an intermediary are

» It enables interoperability between distinct
The main aim of training is to transform the knowledge S|muI§1t|on environments, a practice promoted by
acquired during the training session into the trainee’s the High Level Architecture (HLA) (Smith 1998).
collection of recallable experiences. Various techgiokd » The three different parts (KB, events space, and
approaches have been used to enhance this transfarmatio simulation environment) can be individually
such as: electronic publishing, television and video,



tailored to the expertise and computer literacy of to control and repair the damage before it escalatethe
their users (domain experts, trainer, and trainees). messages communicated are stored for evaluation and
retraining purposes. Finally, CarSim (Akerberg et al 2003)
is another system which automatically reconstructaféic

) . . accident from a textual report. The reconstruction ipwut
> KB systems can be used to guide trainees during i, the form of 3D animation.

simulation sessions by exploiting their ability to
provide explanation of how solutions are derived.

» Automatic generation and control of scenarios for
training purposes.

Reviewing the above applications, we have identified the

_ ) . tight coupling of the scenario logic to the environment
The groundwork in this paper focuses on examining the gimyjation as the most restrictive factor that préesehe

separation sou_ghF on a CVE rather than a VE bec_ause Ofadaptation of VEsThis inflexibility has a negative impact

the mherlt(_ad distributed nature of a CVE and the existenc ., the use of the virtual environment for training puesos

of many different techniques for communication, such as gjnce it leads to simulation memorization wherettainee

the events mechanisms with its decoupling ability (Eugste giarts to memorize the events sequence and understands
et al 2003; Hamman et al 2001). how to ‘beat’ the simulation. The other symptom shdyn

In order to test our system we have created a scetmrio many current environments, which can be attributednagai
train new police recruits on how to investigate the to the inflexibility issue, is that they tend to be dom
aftermath of vehicle accidents. The main factor that dependent. This makes it impossible to transfer the
assisted in choosing this scenario was the accétsitfl training feature of a system from one application to
such information since the project is sponsored by the another without substantial work.

Dubai Police. Furthermore, the existence of training The second category contains virtual development
courses to deal specifically with vehicle accidentsvadl a environments (Hawkes and Wray 1998; Tamberend 2003:
comparison between the use of CVE and traditional ¢y, Neira et al 2002; Singhal and Zyda 1999; Shaw et al
training courses. The target audience of the ftraining 199»: \Wang et al 1995) that are built specifically for the
environment is the new police recruits studying at the ;5 of developers producing virtual environments. These
Duba! Pohcc_e College _and recent graduates working for the environments normally ease the development lifecigle
Dubai Police  Traffic Department and undergoing gpsiracting the low level complexities such as intérget
specialised training. with VR devices. However, some of these development
In this paper, we first describe the related work, edd environments are no different than using a programming
by a detailed presentation of the proposed architecture. A language in the sense that it places the creatioredfrtk
walkthrough of the scenario creation process is then between the logic and the simulation environment & th
described. Finally, we illustrate the flexibility of eh hands of the developer. Nevertheless, some of these
architecture by deploying a second scenario on it. development environments (Hawkes and Wray 1998;
Tamberend 2003) encourage flexibility by providing a high
level scripting language, thus making it feasible to separat
and modify the scenario logic. The Environment Manager

) ) ) ) (EM) tool (Wang et al 1995) even provides a higher level
A number of virtual environments and collaborativeua of support in the form of a simple script file for ciegt

environments have been developed over the years with ovironments.
different features examining a wide range of research
interests. These environments can be placed in thage
categories based on the relationship between therszena
logic and the simulation environment. The three categor
are: applications, virtual development environments, an
KB systems.

BACKGROUND

Finally, KB systems (Tecuci 1998; Szarowicz et al 2002;
Gonzalez and Douglas 1993) are geared towards
separating the logic or knowledge from the system using it.
d They use an inference engine to deal with retrievirgg th
appropriate results. The other advantage described in
) ) o (Gonzalez and Douglas 1993) is the ability to make the
The ACTIVE project (Romano 2001) is an application ynowledge domain-specific, which means that it can
wh|ch_ is used to train fire fighters. _It uses a spemal accommodate different domains by simply changing the
technique called ‘super powers’, which give trainees ynowledge. Furthermore, the separation of the logic from
capabilities in a virtual environment that are natikable the system also allows the modification of the kndgte
for them in a real life situation, such as rewind, agmr independently from the simulation environment and more

forward the incident to view a demonstration of the frequently without the developer involvement, which
solution. CACTUS (Williams 1995) trains police officers  means there is no need for recompiling the simulation.

to control crowds in domestic incidents. It uses an Al
technique to model crowd behaviour so that the crowd can : _
behave autonomously in an environment. Furthermore, it Categories are:

Summarising, the drawbacks of some of the previous

allows the trainer to influence the crowd behavioud an » Embedding the logic in the simulation
guide the training. The DC-Train (Hamman et al 2001a) environment makes it inflexible to change.

system trains Navy personnel on how to control ship > Even in KB systems the logic usually tends to be
damage. This system allows the trainee to receive the specific to the simulation environment considered

status of the ship and send commands to different station and requires some work to be able to reuse it in a



different simulation environment. This usually
makes the logic created limited to a specific
simulation environment.

Some of the strengths of the previous categories are:

» Interoperability between different simulation
environments.

» The separation of the logic from the simulation
environment shown by the KB systems.

» The decoupling accomplished using events
mechanisms.

> Providing a high-level scripting language makes

the interaction with the simulation environment
less complex.

Our work proposes a twofold solution to develop an

architecture for domain-independent collaborative virtual

environment. The first phase, illustrated in this paper,
focuses on investigating the feasibility of developing an

architecture that targets the separation of the sicelogic

from the simulation environment using it. The second

phase examines the challenges of adopting a domain-
independent approach by introducing an intermediary
between the domain knowledge and the simulation
environment. The role of the intermediary is to

automatically generate and control scenarios using domain
knowledge elicited from experts.

THE SYSTEM

The main aim of the system presented here is to a&ldres
the flexibility issue in collaborative virtual envirgrents.
Two types of users are going to interact with the syste
trainers and trainees. Therefore, the system sholdd al
participants to co-exist in a virtual environment and be
able to communicate. The following sections descriitee t
requirements and the implementation of the system.

Requirements

System requirements are divided into three sections:
trainer requirements, the requirements of the players, a
scenario requirements. The trainer should be ablerty ca
out the following tasks:

» Create scenario behaviour: allows the trainer to
create different scenarios by adding events, e.qg.
specifying paths for objects to follow or attaching
sounds to objects.

Monitor scenario behaviour: permits the trainer to
watch the scenario unfolding by joining the
scenario as an invisible participant.

Control scenario behaviour: allows the trainer to
stop or change the course of the simulation
behaviour to fit the training requirements.

Insert a scene layout: permits the trainer to insert
different scenes making the architecture scene
independent.
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Figure 1. System architecture

The players should be able to join the environment and
communicate  with  other players using voice
communication. In addition , to enable a better peroppti

of the location of other players in the environmeat,
positional sound feature should be added to the voice to
allow players to locate each other. Text communicaison
not used because the delay caused (see the 'dead moment'
described in (Slater and Steed 2000)). Moreover, typing
also means the player breaks his presence as he isetequi
to achieve the communication task in an unnatural way
(using the keyboard to type the message).

The vehicle accident scenario aims to train newfi¢raf
officers on how to deal with the aftermath of veficl
accidents and how to investigate them. The officer is
placed in a virtual environment where he uses an input
device move around and a headphone/microphone to
communicate with other participants in the same
environment, but who might be in different geographical
locations. His role is to collaborate with the pepants to
resolve the matter and find out how the accident ocdurre
by questioning the participants and examining cues in the
scene (e.g. damages to vehicles, skid marks, etc). The
trainer should also be able to join the same envieriras

an invisible participant, monitor the scenario unfodin
and trigger events (e.g. ambulance animation, siren, etc

Implementation

This section details the system architecture, simarati
environment design, network topology, events model, and
object model.

Conceptual System Architecture

Figure 1 shows the system architecture. It is based®en t
client/server network topology. The role of the sefigeto

host the session and forward the communication between
the participants. It also allows the trainer to cauy the
tasks described earlier.



Table 1. Scenario behaviour comme

Behaviour

Command

Enable/Disable collision detection

SetCollision(IBgf)

Enable/Disable object visibility

SetVisiblity(IDgh)

Set object position and orientation

SetPlayerPogifimRr,y,z,xRot,yRot,zRot)

Play the animation attached to skinned mesh

SetPlaymation(ID,flag,name)

Set a sound source and attach it to object in the scene

Set3DSound(ID,file)

Play a sound source

PlaySound(ID)

Set the sound minimum and maximum distances

SetSoundDignuie, max)

Show/Hide object bounding box

SetRenderingBoundingBox(ID,flag)

name, duration and loop flag

Add animation route based on four points and give ifddRouteAnimation(ID,p1x,ply,plz,p2x,p2y,p2z,p3X,p3Yy,p

Bz,
p4x,pdy,pdz,duration,loop,name)

Play one of the animation routes attached to thebbje

SetRouteAnimation(ID,loop,playing,name)

Smulation Environment Design
Figure 2 shows the simulation environment and how a

to join and communicate. Each player, after joining the
session, gets a unique identification number. Players

high level scripting language is embedded across three communicate with each other through the server holding

architectural layers (DirectX 9.0, game engine, and
simulation environment) to enable the manipulatiothef

the session by sending messages to specific players or
broadcasting to all players.

scenario behaviour. The scripting language used is Python 14 ist of all available players can be queried fréma t

which allows easy replication of the game engine ekss
that are based on an object-oriented approach using C++.

Furthermore, the other advantage scripting provides $o thi
prototype is the ability to dynamically load code at run-
time which can be used to insert and control the hehav

server. As players join or exit the session, theesesends
special messages to all the other players notifyingntoke

the player's action. The same approach is used to allow
players to interact and exchange information to comply
with the co-presence requirement mentioned earlier.

Figure 2 shows how a game engine has been built on top of g gice session uses the same DirectPlay session t

DirectX to abstract all of its complexities. The lagdove

the game engine is the simulation environment, which
holds the objects, the players, and the scene setfiings.
top layer is the behaviour controller which allows fo
simple run-time access to the environment to allow th
trainer to broadcast events to insert or change the
behaviour of any objects, players, or part of the
environment. The different set of behaviours that are
allowed to be inserted and manipulated during run-time
are shown in Table 1.

Network Topology

The client/server approach is used in this prototype,itand
is achieved by using DirectPlay, a component of DirectX
9.0. DirectPlay allows a session to be initiated fayeis

Game Engine

Network Input Graphic: Sound

DirectX 9

Windows OS

Figure 2. Simulation environment design

communicate voice packets between players and the server
Voice has three different communication topologies:
forwarding server, mixing server, and peer-to-peer. The
forwarding server forwards the voice packets to thentdie
who decompress the packets and process them to emulate,
for instance, positional voice. The mixing server, tbe
other hand, mixes the voice packets coming for all pkayer
and then forwards them to the players. This approach does
not allow for positional support because the players only
receive the mixed packets of the voice. The third type
supports positional voice but cannot be used with the
client/server approach adopted in the prototype described
in this paper. The prototype developed uses the forwarding
topology because of its support for 3D and the client/serve
approach.

Object Model

The next element in addressing the system design is the
management of the dynamic shared state of the simulatio
to enable the synchronization of game status among all
participants. This is achieved by sharing the objeaeho
which comprised of the scene object, the player gbgend

the environment settings. The scene object and player
object share common properties such as position,
orientation, mesh, animation, sound, etc. A parentabbj

0.1

cObject
A

cGameSettings

cObjectPlayer cObjectScene

Figure 3: Object Model



Table 2: The messages flow between the client anérstmvjoining and initializing a player (@ is a separat

Seq | Direction Message Format
Server Player joined DPNMSG_CREATE_PLAYER
Client Joining process complete DPN_MSGID_CONNECT_COMHLE
Server-to-Client Groups 100@dpnidplayerID@I1D@bMonitor @ b Vitite
n@blnvisible@bForcelookAt@bDriver@bCRWndl
@bCRRadio@bChatWnd@bAvatar @title @tasks
4 Server-to-Client Meshes 101@dpnidplayerID@ID@Name@ Dede@Pi
cture
5 Server-to-Client Players 102@dpnidplayerID@m_iPlayerID@roupld
@m_iMeshID@m_iVehicleBeforeID@m_iVehicle
AfterID@m_iMotionID@takenStatus@m_strTitle

has been created to hold all the common attributes
(cObject). The player object (cObjectPlayer) anddtene
object (cObjectScene) inherit the class propertiesn fr
‘cObject’ as shown in Figure 3. The scene settings are

After the client has joined the game, he communicates
with the server and other clients using the messags@sh
in Table 3. These messages allow clients to syncheoni
positions, orientation, animation, etc. For example, a

stored in the cGameSettings class. The way these aremessage with ID 4 sends the position and orientation
synchronized across the participants is described in the accompanied by the dpnidPlayer which uniquely identify

next section.

Event Model (State synchronization)

The synchronization of the virtual environment betwall
participants is accomplished in two phases. The firsts@ha
sends the initial information to the participant a thme
of joining the simulation session. This information
includes current scene objects with their attributeh sas
position, orientation, mesh, visibility, etc. The y®es
information, however, is sent as they join the gaiomg
with their attributes, except for those players who are
currently in the session whose information gets sder
the initial information.

Table 2 shows the player initialization messages sent
between the client joining the simulation, the seresrd
the other clients who are already in the game. & stt®ws

each player and allow the clients receiving the mesgage
update the appropriate avatar.

Finally, the player can exit the session by requesting i
from the server or by the server terminating thesieas
without request using IDirectPlay8Client::Close() and
sending a DPN_MSGID_TERMINATE_SESSION
message respectively. When the player leaves the
simulation other players are informed by receiving a
DPN_MSGID_DESTROY_PLAYER message which has
the dpnidPlayer number.

SCENARIO IMPLEMENTATION

This section details the vehicle accidents scenario
implemented on the environment. The scenario has been

the direction, and the message format used. DirectPlay developed specifically to show how the logic can be

triggers the first message on the server after rewgpiai

request by a client to join using the
IDirectPlay8Client::Connect method. This call triggtrs
following message on the server:

DPN_MSGID_CREATE_PLAYER. The message contains
a unique identifier (dpnidPlayer) variable assigned to a
player after joining.

Once the connection attempt is completed, a second
message is created by DirectPlay and sent to thet elien
DPN_MSGID_CONNECT_COMPLETE. The message
contains the unique identifier (dpnidLocal) given to the
player which is used to identify him during any future
communication. Players can be organized in groups that

separated from the simulation environment and hownit ca
be manipulated offline and online during the simulation
run. The scenario creation process is also descritoed) al
with how the environment allows the trainer to astthe
‘brain’ of the simulation by monitoring the environnte
and deciding the course of actions.

Vehicle Accidents Scenario

The scenario chosen allows five participants to jihia
simulation: traffic officer, two drivers, operation ara
operator, and trainer. The officer and the two dri\anes

describe common features such as a different type of userfépresented by avatars in the virtual environmentyeds

interface. For example, an operation room operator might
not require a 3D interface to see the environmenteas h
communicates using voice only. The messages are
identified by a manually created identifier. The clidmgn

the operator has a voiceommunication only and no
physical representation in the environment (i.e. vadag).

Each avatar has some behaviours attached to it such as
movement and orientation to allow the avatar todrse

chooses a player from the unallocated players and sends &N environment. The trainer can also join the ramhent

message to the server and the allocation resulhisbsek

to the client. This continues until a player is altecato
the client. Then the client is allowed to enter the
simulation.

as an invisible participant to monitor and control the
scenario.

The vehicle accident scene contains two vehicleslved
in an accident, and one injured passenger. The scene also



Table 3. The messages flow between the clients ansetiver during the simulation session (@ is a separator)
ID | Direction Message Format
4 Client-to-Server-to-All Clients Position and oriatibn | 4@dpnidPlayer@ID@x@y@z@xRot@yRot@zRot

444 | Client-to-Server-to-All Clients X Animations staé 444@dpnidPlayer@GamelD@ Count@AnimationsTex
t

o

5 Client-to-Server-to-All Clients Chat message 5@dpnig#?@ID@chatText
900 | Client-to-Server-to-All Clients Set 3D Sound 900@dpnigHrla
901 | Client-to-Server-to-All Clients  Python script 901 @yscr

has other objects such as roads, buildings, fences; othe which are specific to the scenario (games, players and
vehicles, etc. The injured passenger behaviour can be inscene objects) and the other two hold reusable inttsma
the form of a screaming sound which is triggered aticerta (meshes and groups).

time Dby the trainer and possibly stopped when the the second step sets the scene layout by positioning and
ambulance takes him away from the scene. orienting the scene objects. The Scenario Creatowsl

The simulation starts with a call from the police @pien the insertion and positioning of the objects in the
room informing the trainee of an accident and requesting environment. It also allows assigning a title to dhgect to
him to attend. The trainee then finds himself atdbene ease its identification. Each object created hasovts

of the accident where he can navigate the environment unique identification number. The number of players

The trainee’s objectives are to bring the situatiodeun allowed in the environment and the avatars attached to
control, investigate the incident, and produce an accident them is set in the scenario configuration step using the
report. He can navigate around the scene and communicateplayers tab in the Scenario Creator tool. The scesgtion

with the operation room to request additional resourses a process is shown in Figure 6.

needed. Once the scene layout is ready the next step is ttectea

Once the resources are deployed (simulated or played byscenario logic, an example of which is shown Figure 4.
other actors) and the injured passenger is then takkieto  This involves deciding on the path of animations and the
hospital, the trainee can start investigating what happe timing of events. This is achieved by directly manipuigt

by examining the scene’s clues and by interviewingwloe t  the functionality of the simulation environment through
drivers and any witnesses. The interview is conducted the embedded high level scripting language (Python)
using positional voice communication between the which allows run-time loading of behavioural scripts.
participants. Table 1 shows samples of the behaviours availablaao t
trainer. For instance, the screaming behaviour is added
using the 3D sound insertion method. The method takes an
object id and a sound source file and attaches the sound to
that object using the following method:

architecture, rather than hard-coding this logic iefs to ‘Set3DSound(ID,file)’. The scenario controller can rthe

the trainer to trigger the appropriate events at apprepriat P!y the sound at any time using ‘PlaySound(ID)" which
times. For example, the trainer might start the injured (@kes an id of the object on which the sound has been

attached. He can also stop it by using ‘StopSound(ID)’.
Furthermore, he can set the distance at which thedsoun
can be heard using ‘SetSoundDistance(ID,min,max)’

A sample script of a possible scenario is shown in Eigur
Such a script is usually designed by the scenario creator
and hard-coded into the simulation environment or
scripted in some way. In our current implementatiorhef t

person screaming sound at the third minute during the
simulation. This might be followed by the pain animatio
at the fifth minute, and then the trainer will wait fthe
trainee’s actions to decide on what to do next. For
example, if the trainee calls an ambulance by comgcti "™
the operation room by voice, the trainer can themda ;
the ambulance animations.

Injured person screaming

Scenario Creation Lifecycle

3

4

5 . o

6 Injured person pain animation
7

8

9

. . . Ambulance Called
The scenario creation passes through the following :steps ifl) f
the creation of the models of the objects to be usdtie 12 J,

i | n nario logic 13 P
environment, the scene layout setup, and scenario logic 2| Ambulance arrived

creation. 15
16 T

The models creation is carried out using a modeling tool, 17 v
e.g. 3D Studio Max 6.0. Once a model is created and 1o | Injured taken aw
optimized it is exported to the X file format which fenh 20 <

. . . 21 A
used by the Scenario Creator, as shown in Figure 5, to 3 Ambulance Leit ) Start investigation
store the objects in the database to make them reufsabl 23

different scenes. The database contains five tathlese of . .
Figure 4. Sample scenario



which takes the object id and the minimum and maximum "
distances. The minimum distance is the distance athwhic =™ "= . =
the sound is uniform, whereas the maximum is the
distance after which the sound cannot be heard. Thelsoun
decreases when moving from the minimum to the
maximum distances. The scripting language demonstrated
in this example could be easily hidden in a final
application by implementing a graphical interface to hide
the methods. This would allow the logic to of the
environments to be designed by computer users at any
level.

Figure 5. Scenario Creator
Running the Scenario '

. . . X mod i
Table 4 shows the steps taken by the trainer in runamiig %T{ 3D Max |_>| i ,J_’ if,jgg,"’

controlling the scenario. Once all the players haveed >
the scenario the trainer can start broadcastingdéasio Scene
behaviours. To run the scenario shown in Figure 4, a Creator Figure 6. Scene creation process

trainer joins the simulation and acts, for examplethas
operation room controller. The purpose of him joining th
simulation is to trigger events based on the conversati
between the players. For instance, if the traindls em
ambulance the trainer triggers the ambulance event. The
trainer also monitors the virtual environment andriear

out all the manual tasks (e.g. take injured passenger away).
Currently all actions are broadcasted as Python scripts
which are interpreted and acted on by each simulation
environment.

RESULTS

During the initial informal experimental run of the
scenario, the architecture was tested by allowing four
players to join the environment (traffic officer,dwdrivers

and the operation room operator). The trainee played the
role of the traffic officer. The drivers were played tiwo
actors who were given different scripts of their detadnd

a short description of how the accident occurred froair th
point of view. The operator was played by the trainbow
also controlled the scenario by broadcasting evertie. T
trainer used the scenario script shown in Figure 4 to
broadcast the appropriate events at the specified time.
Figure 7 shows the scenario running on a wide-screen
Reflex setup (some of the models have been downloaded
freely from turposquid.com and 3dcafe.com). Figure 8a
displays the scene from the perspective of one of the

player. (b)

The second scenario run on th system (virtual lectuimg) Figure 8. Vehicle accidents (a), virtual lecturiftog
shown in Figure 8b. This scenario was created to _ _
demonstrate the flexibility of the proposed approach and Table 4: Scenario controller or trainer te

the strengths of the architecture. In the virtuatueng Order | Task

scenario, four participants join the same environmntent
attend a lecture given by a fifth participant. The same
process of creating the scenario was undertaken butawith
reduced time as the architecture allows reusabilityhef t
general data.

Choose a scenario from the drop down list

Choose the network card for the server session

Start the voice communication server

Wait for players to join

al bl W N

Start broadcasting behaviours




CONCLUSIONS

X

The separation of the domain knowledge and the ability to _
control it at run-time were the two primary objectivef Domain Expert

KB in natural
language
the current prototype. The separation has been achigved ¢ _|.
the use of a high level language to create a layerwofto KB in Mac E’;:g't?sni‘hi . %
the simulation environment to act as an interfadeis T language P
¢ D

hine
meant that behaviours could be inserted and controlled at ¢ eveloper

Knowledge

run-time. The abstraction achieved by the scripting Engineer
Trainer

language made controlling the application behaviour much
easier and dynamically loadable at run-time. Moreover,
using an existing language (Python) rather than building
our own reduced the development time as it eliminated the
need to build a parser and evaluate it. The other advantage
of this approach is that it allows commands to beted

to suite the wuser's computer literacy, as another [777

1 1
simplification layer can be added such as graphical user : Scene ScenarioTim¢ Environment Action |
interface. ! Layout Ready Status Update )

_____________________________________

Events Space
Generate Events

Sequence Events
Filter Events
Control Events

By creating and running two different scenarios on the
prototype simulation environment we have demonstrated Publish/Subscribe
the flexibility of the approach since it managed to detac #

the domain knowledge from the simulation environment
and allow its control at run-time. These are promising
results. However, to prove the architecture flexibifitgre — —
tests WI|| be carried out _mvolvmg scenarios from efiént . .
domains. The observation that can be made about the

flexibility of the prototype is that the more the simtihn Environmen

environment functionality is exposed through the scripting Figure 9. Events space as a link between
language the more flexibility is achieved. This mearad th knowledge base and simulation environments
if the full simulation environment functionality is exgem, . .
then the system can be labeled fully flexible. We @gfin glgézs fgffge;nonstratmns Conference Companion, EACL
flexibility as the ability to insert and control belaurs at ' '

run-time. Casanueva, J. and Blake, E. "The Effects of AvataitSmn
presence in a Collaborative Virtual Environment”. Aah
Conference of the South African Institute of Computer
Scientists and Information Technologists (SAICSIT2001).
Pretoria, South Africa. September 2001.
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