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CADETT is researching the use of advanced 1. Introduction

and emerging technologies in adult and
workplace training. CIMBLE is the current
result of that research. It provides a distrib-
uted and collaborative virtual environment
for conducting team training. This paper
describes the technology and application of
CIMBLE and how HLA was used in its
implementation.

Keywords: Distributed simulation,
HLA, team training, communications,
decision-making, VRML, CIMBLE,
CADETT

The Consortium for Advanced Education and Training
Technologies (CADETT), managed by The Franklin
Institute in Philadelphia, was sponsored by the De-
fense Advanced Research Projects Agency (DARPA)
and the Defense Modeling and Simulation Office
(DMSO) to research the use of advanced and emerg-
ing technologies in adult and workplace training. The
initial research, funded by DARPA, produced CIMBLE
(CADETT Interactive Multi-user Business Learning
Environment). CIMBLE provides a distributed and
collaborative virtual environment for conducting team
training. It was initially developed with a client-server
architecture. In the current version, funded by DMSO,
CIMBLE is being redesigned to be HLA-compliant for
improved performance and usability. This paper de-
scribes the technology and application of CIMBLE
and how HLA is being used in its revision.

2. The CIMBLE Concept

CIMBLE is based on the principle that teams are built
through coordination and cooperative problem solv-
ing, and that these activities can be accomplished re-
motely if the system that integrates participants is en-
gaging, robust and believable. Specifically at issue are



the learning and practice of soft skills, such as commu-
nications and decision-making. CIMBLE is designed
to bring six potential team members from six remote
locations to work on common problems. A seventh
participant, an online facilitator, keeps the process
moving forward and has the capability to manipulate
the level of challenge to the team.

CIMBLE'’s technology brings virtual participants
together using virtual interactions—team members
work with one another using workstations and the
Internet. Each team member is represented by an ava-
tar, a computer representation of himself. The avatars
move, turn their heads, and gesture in response to
commands from the team members. On their worksta-
tion screens, team members see their environment and
avatars representing other team members, but they
only see what their own avatar would see based on
where they are standing. CIMBLE is designed to allow
participants to talk to other team members through
microphones and speakers on their workstations.

A sample team building exercise was developed to
enable evaluation of the CIMBLE technology template
for learning. It tasks six participants from StarBridge
Corporation and a facilitator to journey to a distant
construction site and resolve issues that have pre-
vented the completion of a bridge. Participants must
use communication and decision-making skills to ac-
complish this task. The exercise consists of three seg-
ments: a formation stage at corporate headquarters
where the team is given its mission and decides how
it will operate; a journey stage where the team drives
to the construction site and deals with difficulties
along the way; and a resolution stage at the bridge
construction site, where the team must absorb con-
flicting data and determine a collective proposal for
resolving the problem. The elements of the exercise
are as follows:

e A participant begins her experience by entering
into the Avatar Gallery. Here she chooses an ava-
tar to represent herself in the virtual world and
practices movement and gestures with her work-
station controls.

* When she is ready, the participant moves to the
headquarters, a facility closely resembling The
Franklin Institute. She can explore at will and is
greeted at the reception desk by a “bot” reception-
ist, an automated avatar with no human controller.

e When all of the members of the team are present in
the headquarters, the facilitator begins the exercise
by prompting the software to advance all six ava-
tars into the conference room so they can seat them-
selves around a conference table.

e Next, the president of the company introduces the
team’s mission to everyone, and independent vice-
presidents give separate instructions to each par-
ticipant via embedded video. These instructions

produce some of the conflict to be dealt with later
in the exercise.

e After discussing the options, participants select ob-
jects represented by icons that identify the respon-
sibilities of each team member. For example, a debit
card icon signals budgetary responsibility and a
car key icon indicates the person with the author-
ity to drive.

* When all of the responsibilities have been deter-
mined and necessary decisions made, the team be-
gins its journey by car to the bridge construction
site. During the journey, the team encounters sev-
eral different situations that require communica-
tion and decision-making. Sometimes all members
are informed (the driver has been stopped for
speeding); other times only one participant is in-
formed, based on that person’s role (only the per-
son with the debit card can pay bills or fines; only
the person with the cell phone can make calls).
How the participants respond to the situations, as
well as what the driver does, determines which
succeeding events occur.

e When the team reaches the bridge site, members
navigate to trailers containing the bridge construc-
tion stakeholders (government people, protesters,
construction people, engineers) to gather informa-
tion. The team must decide whether to visit the
areas as a group or split up to hear the concerns of
the stakeholders.

* The team reassembles to discuss the situation and
determine a solution. They inform the site manager
of their solution and watch as the bridge is com-
pleted as a result of their recommendations.

 Finally, the team participates in an online debrief-
ing led by the facilitator. The discussion includes a
review of the team success, examination of data
and participation, and the development of an action
plan for integrating improved communications
into the workday.

3. CIMBLE Technology

To implement the activities described in the CIMBLE
Concept, several fundamental technologies were em-
ployed.

VRML. The CIMBLE virtual environment utilizes Vir-
tual Reality Markup Language (VRML) to present
scenes. The VRML environment permits participants
to navigate inside a virtual world without direct in-
volvement of central controlling software, yet permits
the central software to arbitrarily alter a participant’s
virtual environment. Playback of canned video and
audio for individual participants is a part of VRML
capabilities. Java programs handle distribution and
sequencing of events. The fully distributed system op-
erates over the Internet or can operate within a corpo-
rate intranet.
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HLA. CIMBLE technology is divided along functional
lines into federates. Fifteen federates participate in a
CIMBLE exercise.

* Six Participant federates control what the partici-
pants do and see. The software is identical for all
of these federates, varying only when a participant
begins execution and acquires a virtual personality.

 The Facilitator federate is similar to Participant
federates but with more capability.

e The Logger federate collects HLA data for post-
exercise evaluation.

* The Interaction Object federate controls objects
that are shared throughout the federation.

e The HQ Story, Map Story, and Bridge Story feder-
ates control the action in each of the phases of the
exercise.

e The HQ VRML and Bridge VRML federates control
the variable portion of the VRML world in the first
and third phases, and the Map World federate con-
trols the map in the second phase.

Robust Participants. Participant federates were de-
signed and constructed to retain significant control
and capability in the participant workstation. The work-
station contains both the Participant federate and all
graphical information. This approach saves bandwidth
and processing time by localizing the large data files.
When the Participant federate software or environment

CIMELE ==

is updated, the new information is downloaded to the
workstation before the session is scheduled to begin.

The Facilitator plays a key role in CIMBLE. Initially,
the Facilitator manages most of the activity and move-
ment through the simulation. As the exercise progres-
ses, the Facilitator manages less of the simulation and
focuses more on team performance. The Facilitator
has the ability to intervene should the situation require
it. This includes communicating with individuals or
the team as a whole, moving team members’ avatars,
redistributing objects, and even pausing the exercise
to deal with issues. The Facilitator can also remove
barriers if the team is not performing well, or add bar-
riers if the team is moving too smoothly.

The environment presented to the participants is
shown in Figure 1. It was developed in VRML and
Java. The information and controls presented on the
screen surrounding the virtual world were specially
designed to enable successful participation within the
exercise. The surrounding area includes photos, names
and inventories of all participants, movement controls,
gesture buttons, and transport buttons to “jump” to
another location within the segment in which the
team is working.

Audio communication in CIMBLE is primarily
voice using an open audio channel over the Internet.
All other interactions are managed via the mouse, so
the keyboard is not required for any portion of the
simulation.
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Figure 1. A CIMBLE screen showing the virtual world surrounded by information and controls
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4. CIMBLE Technology Execution same activities from the viewpoint of the component
The CIMBLE Concept above described the activities federates that comprise CIMBLE. In each case, the

of a training event from the viewpoint of a training paragr a'ph 15 TITT ore.d by a graphic showing the ac-
participant. The paragraphs that follow describe the tivities in the federation.

* The facilitator begins a training event by Join f i 7y e
creating an HLA federation and causing the o
Interaction Object, HQ VRML, HQ Story and
Logger federates to join the federation. @ @ .

| RTI

* When the participant joins the federation, R
the HQ VRML federate creates a 3D world B
and permits the participant’s avatar to move =

around the environment. The participant o
chooses an avatar by sending a request inter- ipant LOggef
action to the Object Interaction federate; it

replies with an attribute update to change Request Interaction

the participant’s avatar. RTI Attribute J
Update

Facili-
tator

Create

¢ Participant federates report all control %
actions (moving, gesturing to other avatars, = ! )
and using transport buttons to “jump” to an- & = e
other area of the VRML environment) to the »
other Participant federates via attribute up- @ ’ r;tre]rg(t:)t
dates, and the participants see the resulting
changes to avatars. Participants “speak” to Speak Interac tion
bots (the receptionist, for example) by send-
ing an interaction to the Object Interaction
federate which, in turn, activates the correct
response from the bot.

Attribute
Update

Bot talk Interactlon

* The facilitator begins the session by sending - Lt
an interaction to the HQ Story federate. That | i £y . ™
federate replies with an update to an attribute =7~ L B ]
of the story object. Thus the sequence of
events in the training exercise is controlled by
the Story federate—whether it be in the head-
quarters, on the journey, or at the construction

| - ; - Attribute
site. This assignment of responsibility makes | . RTI Update ad
it possible to incorporate any story federate S:;ance
into a CIMBLE template. i
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* The facilitator advances the HQ Story federate
through a series of interactions that alerts the
Interaction Object federate to present the
icons. Participants select the items by sending
interactions to the Interaction Object federate.
The item icons appear in the inventory box for
that participant.

.7 .-
e A ?

008

—— Request object  —
RTI Attribute AdvanceJ

Update  Story

e

Facili-
tator

Partic-
ipant

e When all of the segments in the HQ Story
federate have been completed, the Facilita-
tor federate sends an interaction to the HQ
Story federate, which causes the next envi-
ronment federate and Story federate to join
the federation.

P Map Map

all I Join Q

e Progress through this phase moves in the
same manner as above. An interaction is
sent to the Interaction Object federate, which
sends an interaction to the Map World and
Map Story federates. The Map World feder-
ate sends an attribute update to indicate the
new location for the vehicle, and the Map
Story federate activates the messages for the
next vehicle position segment.

Partic-
ipant

nteract
jon Obj

Map
Story

[—— Move

Map
World

_Update
vehicle
location

* Some messages are sent to all the Partici-
pant federates, while others are sent only
to selected Participant federates. The latter
sequence depends on the properties of items
in the Interaction Object federate (for ex-
ample, a message to pay a speeding ticket
would only be received by the Participant
federate owning the debit card, since that
participant must pay and approve all finan-
cial transactions). Messages sent to feder-
ates depend both on which segment of the
Map Story federate the team is in and ac-
tions taken by participants (for example,
continued speeding triggers a speeding
ticket message).

nteract
ion Obj

Map
@,@

|__Pay speeding ticket
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e When the vehicle reaches the destination
node, the Map World federate sends an
interaction to cause the Bridge VRML and
Bridge Story federates to join the Federation,
and the Map World and Map Story federates
to resign. The Bridge VRML federate activates
the 3D Bridge scene on each participant’s
screen, while the Bridge Story federate acti-
vates the first segment of the final portion of
the simulation.

o L V™
A
Bridge\ (Bridge

| v —trm

Activate — Update
scene segment
attribute

5. Aspects of the HLA Implementation

The version of CIMBLE developed prior to The
Franklin Institute’s involvement with HLA used a
client-server architecture. It used a conventional Web
browser at the client side and a commercial VRML
application at the server side. One of the goals of the
implementation of the HLA version of CIMBLE was to
identify and overcome shortcomings and limitations
of the client-server implementation. These limitations
identified are listed below, together with how they
were overcome in the HLA version of CIMBLE.

Performance

e The client-server architecture required reliance on
Internet speed to transmit large amounts of data.
Although the VRML world and pre-recorded vid-
eos were downloaded to the client machine prior
to beginning the exercise, the network was still uti-
lized frequently. Much of the network activity was
determined by the commercial VRML server and
outside of CIMBLE control.

e The HLA implementation reduces this data flow
by locating the large data files on the client work-
stations, by determining which message traffic is
needed, and by limiting data transmissions to low-
volume state-change and event transactions.

User Interface

* The use of a commercial VRML server application
in conjunction with a conventional Web browser
limited the developer’s ability to customize inter-
faces to user requirements.

e The HLA implementation replaces the VRML con-
troller and browser with a Java 3D browser. The
new screen window, created in Java, allows the
designers to better manage the screen space by
eliminating the limitations of current Web browsers.

Data Control

e With the VRML client-server architecture, only one
data path existed between the clients and the server
and only one format existed for data representation.

* With the HLA peer-to-peer communication archi-
tecture, data transmission format is customized for
each transmission. In addition, transmissions are
focused to specific uses, among federates appropri-
ate to that use, with data appropriate to the use.
Unnecessary network traffic is eliminated.

Development Process

* The client-server implementation encouraged
fewer processes, each serving multiple purposes.

e The Federation Development and Execution Pro-
cess Model [1] recommends a structured approach
to development where distinct functional areas are
isolated in their own process (federate). This has
led to a more structured and better specified imple-
mentation.

Versatility

¢ CIMBLE training exercises are divided into scenes;
the current exercise has three: team formation,
team journey, and resolution. It is likely that new
scenes will be developed that address a new set of
training needs. With the client-server architecture,
all the functionality and application were more in-
tegrated than is ideal.

e With HLA, CIMBLE represents each scene by two
separate federates: the events and story line of a
segment translate into a Story Object federate, and
the virtual environment of that segment translates
into a VRML world federate. Therefore, with this
architecture it will be easy to replace or add new
segments to change the exercise and application.

6. Conclusions

The CIMBLE technology is proving useful in investi-
gating distributed team training. Shortfalls in the ini-
tial client-server implementation of that technology
have been overcome by a second peer-to-peer imple-
mentation using HLA. The HLA development pro-
cesses and implementation tools have facilitated the
second implementation.
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