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Introduction

A strong component of current underwater roboticswork liesin the redm of multiple vehicdesand
ingrument platforms (V1Ps). Successful fidding of functiond multiple V1P systems will require that wefirg
gain experience withthe issues pertaining to the interactions between the participants, who must cooperate
inorder to accomplishcomplex and dynamic long termmissions. Many current Smulationtoolsaredirected
towards investigations into the motion characteristics of vehicle body stylesand their propulsion systems.
While these tools are essentia in the design of vehide bodies, they do not directly address the issues of
cooperative behavior among a team of VIPs. Thereisascarcity of tools geared towards the needs of
researchers working with muitiple cooperating VIPs?. To answer this need, we have developed the
Cooperative AUV Development Concept (CADCON).

At the heart of the CADCON ideaisasimulation harness expresdy designed to provide a shared
environment for multiple digtributed interacting V 1Ps. Fundamenta to the CADCON ideaisthe notionthat
this environment be open and flexible, dlowing it's use by a wide range of research initiatives.
Undergtanding that no sngle smulation harness could capture the full fiddity of red open water
environments, nor the complexity of every sort of VIP that might participate, we have focused our efforts
ondesigningCADCON to primearily address one important aspect of multiple VIP systems. Thatis, dedling
with those issues associated with the higher leve interactions among multiple heterogeneous participants;
be those participants red VIPs, smulations of VIPs, or even human users. To endble this, we have

1 Adapted from Chappell et al., [1999].

2 For an exception, see Turner & Turner, [1998], which describes a high level multi-agent
smulator called CoDA.



endeavored to sreamline the complexity and the costs associated with a remote participant’s use of
CADCON. Inparticular, we have implemented the system's various components on ubiquitous hardware
(Pentiumclasscomputers). The architectureis based uponaclient/server model and communicationisdone
using TCP/IP networking over the Internet. Groups can use the existing client programs (aV 1P smulator
and a3-dvisudizationapplication) whichare Win32 gpplications, or make use of the open applicationleve
protocols establishedfor CADCON towritetheir own clients. This non-reliance on exctic hardware and/or
proprietary communications protocols alows other groups to leverage the smulator's utility in their own
research.

Background

Forthemost part, “traditiond” underwater vehide smulators deal withthe complexhydrodynamics
of specific vehicles operating in Smple idedlized environments. In these smulators, emphasisis placed on
the fiddlity of the vehicle modd to the red thing and less so on the “Stuation” model. The scope of those
hydrodynamic smulators is a the amdl scae physics leve of the dynamic interactions among the
parameters of vehicle shape, vehicle mass, thrugt vectors, inertia, friction, medium characterigtics, and the
like.

The CADCON smulator is not of this variety; instead, it stresses the complexity of asituation
model over that of vehicle dynamics. Its scope is at the level where the dynamics of agent movement are
of secondary importance to the behaviors exhibited by the participating agents®. Here we are more
concerned with how agents interact with each other and some features of their environment than how
individud agent bodies interact with the medium in which they move. This means that the sysemsamulates
only the larger scde physcs of those agents/craft. The chief feature for enabling agent interaction is the
smulation’s agent-to-agent communication mechanism, which provides a communication network at an
idedlized high leve.

Theideasand features supported in CADCON have thar rootsinthe EnvironSimulator devel oped
by AUSI in the 1980's[Momenee, 1987]. CADCON differs from this previous work in thet it:

v ismore modular,

v is distributable across networks (communicating via sockets),

v gmulates a variety of participants instead of asingle AUV type (AUSI’ s open frame EAVE),
v samulaestens of participants rather than only three or four,

v Separates data generation from data display,

v ismore interactive,

v concentrates on Smulating complex inter-participant activities,

3 The wide range of participant heterogeneity pushes us to use the broader term agentsin
describing CADCON participants.



v providesacyberspacefor rea vehidesthat are undergoing development and testing, thus enabling
hardware-in-the-loop experiments,

v samulates non-numerical aspects of Stuations (such as participant organizations),
v will leverage higher levds of smulated “redism” viaruntime linksto Internet available oceanic data
bases and models,

v will serve as an Autonomous Oceanographic Sampling Network (AOSN) [Curtin et al., 1993]
mission rehearsd, test, and display tool.

In this paper, we describe the various componentsof CADCON, it’s environmenta features, the
agent model's employed to represent participants, the logistics of connecting clients to the CADCON
server, and mechanisms of agent interaction. In particular, we report our use of CADCON to support
severd AUS projects, including the development a common control language for VIPs, support for our
Solar-powered AUV (SAUV) deveopment, and as a debugging tool for a unique magnetic navigation
dgorithm.

Top Level Features

As implemented, there are currently three mgjor components in the CADCON fadlity; the
Environment Server and two dlients. the AUV Smulator Client and and the Visualizer Client. Figure
1 diagrams the digtributed nature of these components. The two dients actudly represent particular
implementations based uponanestablished CADCON gpplicationcommunicationinterface; the user isfree
to implement thair owningtances as long asthey adhereto thisinterface protocol. This strategy dlowsusers
to develop clientstailored to their own research, aswell as potentidly leveraging their own existing tools
in CADCON .

Also shownin Figure 1 are apair of clients we have in development; an Autonomous Systems

Monitoring and Control (ASMAC) dient and an External Model Interface (EMI) client. Since these
clients are not yet fully developed, they are briefly discussed in the Future Work section.
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Figure 1. CADCON Components
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Environment Server

The Environment Server forms the core of the CADCON fadlity. Its purpose is to generate the
cyberspace in which CADCON (eg. AOSN) participants can operate and interact. The cyberspace
generated by this component isa volume of water bounded by or containing one or more of the following
features:

v atopographicaly interesting bottom,

v atopographicdly interesting ice cover,
v asgmple thermocline moded,

v asmple inity modd,

v asmple water current modd,
v avariable number of agents,
v avariable number of inanimate objects,

v amagnetic dipole source[Lu et al., 1999].

Thesefeaturesare controlled viaa set of configurationfiles. The Environment Server operates only
when it is needed. It is triggered by a daemon; that is, a process that runs on its host mechine “in the
background” and smply waitsfor connectionrequests. Whenthe firs suchrequest is detected, thedaemon
gpawns a server process, whichaccesses the scenario configurationfiles, buildsthe specified environmernt,
and then places the new participant inthat environment. Subsequent connectionrequests Imply placethose
new participantsinthe already exising scenario. When the last participant leaves, atimer is set, and when
that expires, the server takesitsalf down to itsdormant state, where only the connection daemon remains
to wait for a new connection request. This scheme dlows the server to have minimd impact on the
resources of itshost mechinewhile it is not being used. By running more than one instance of the connection
daemon (monitoring different sockets) and having multiple sets of configurationfiles, the host mechine can
smultaneoudy provide many different and separate scenarios.

Participants are model ed as Smple geometric shapeswhichare moved around using a Newtonian
motion modd. These shapes can collide with each other, the bottom, the ice cover, and the inanimate
objects.

One of the chief functions of CADCON isto provide a means for experimenting with high leve
AOSN participant interaction. This is accomplished with an agent-to-agent communication scheme. This
meachinery dlowsany participant to send communicationgrings to any and dl other participants. Thiscould
be common VIP commands [Komerska et al., 1999a] or any other message which agents or ther
developers may find ussful to communicate among themsdves.

Giventhe autonomous nature of the Environment Server, it hasbeendesignedtoleaveafar amount
of evidence of its functioning in a set of log files. These files capture adminigrative type information (user
account names, remote hosts names, times, etc) as well as agent specific traces of that agent's movement
through the scenario.



The Environment Server iscurrently implementedinC, and runs at AUS| on a 300 MHz Pentium
[l computer hogting Linux 2.X.

“AUVSmM” VIP Smulation Client

The AUV Smprogramwaswrittenby AUSI to smulatea VIPwithinthe CADCON environment.
Itformsthe basic platformfor whichwe represent vehicdlesand test high-level multipleagent communication
and control in CADCON. AUV Sm builds upon the VIP dient interface protocol, which alow usersto
represent thar VIPsto other CADCON dientsdistributed acrossthe Internet. These VIP representations,
bethey amulaions or proxiesfor actua stuated hardware platforms, canthencommunicateand participate
in joint misson scenarios within the same smulated underwater context.

With AUVSm, auser can configure aloca smulation of aparticular kind of submersble vehicle
on ther own workgtation. Avallable body/control types incdlude an open space-frame, torpedo,
wing/cylinder, bottom crawler and mooring. In addition to body type, the user dso chooses other
subsystem options, induding available sensors. This sensor selection is registered with the Environment
Server, which then will tune its data flow to that dient accordingly. Thus, auser isable to register for none,
some, or dl of the possible datafor his agent. Sensor data available for sel ectionindude horizontal position,
depth, attitude, dtitude, linear 6-dof veocity, temperature, sdinity, magnetic flux and ocean current. After
configuring a particular ingtance of a VIP, the user logs into the remote Environment Server, and chooses
a scenario to join. Upon acceptance into the scenario, the user places the VIP at a desired position.
Movement as wdl as other VIP attivities are indigated using a VIP common control language®
incorporated in the program. Through the benefit of the Environment Server's agent-to-agent
communication harness, the user can aso send these commands to other CADCON VIP participants,
causing them to react as well. There are also provisons for users to set up their own local log files, which
will collect a datatrace of the AUV Sm's participation in a scenario.

AUVSm, and the VIP interface to the server, is single vehicle-centric. That is, it can present only
its Sngle view Stuated somewhereinthe smulated environment to the user. It was designed to operate this
way inorder to keep its “experiences’ asredidic (whencompared withreal vehicles) as possible. Inother
words, individud AUV Sm clients do not benefit from receiving globa knowledge about the scenario. It
does not take much “flying” time with this client for the user to get a fed for just how impoverished a
submersible vehicle's sensor suite can be.

The AUV Sm dlient was written in C++ usang Microsoft Foundation Classes (MFC) and it runs
inaWin32 environment (Windows 95/98/2000/NT 4.0). It functions wel on Pentium 133 MHz classand
better computers.

4 Explained in detall in [Komerska et al., 1999b].
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“Visual” Scenario Visualization Client

The Visua program was written by AUS to provide CADCON users with a red time, 3-
dimensiond image of an ongoing smulation scenario. Visud builds upon the visudization dient interface
protocol, which alow usersto view globa information regarding other CADCON VIP clients distributed
across the Internet. Incontrast to the AUV Sim program, Visud presentsaglobd, multiple VIP view of the
amulated environment. Thus it is an observation tool, used only as an ad in understanding the scenario
ground truth. As such, it has no means for controlling scenario participants.

Visud providesthe user withaset of controls, whichalow for the manipulation of the positionand
direction of the viewpoint, scene lighting, wire frame or surface drawing, agent marking, and display of
various environmenta features.

The Visud client was writtenin C++ usng MFC and OpenGL and runs in aWin32 environment
(Windows 95/98/2000/NT 4.0). It functions well on Pentium 200 MHz class and better computers.

Using CADCON

To participate in CADCON, the prospective participant uses their web browser to vidt the
CADCON home page at the AUSI web site’. From there, the user can download the current versions of
the AUVSmand Visud dients. After fetching those dients and unbundling themon the local workstation,
the user can interrogate the Environment Server by dicking the “Environment Server Satus’ link on the
CADCON home page. The user's browser will then present a page containing the informeation relating to
avalable smulations, some details on their states (dormant or usable), the number of participants (if being
used), and the host name and port number needed for connection.

The AUVSm folder contains the following files AUVSm.exe, EAVE.auwv, and severd support
files Double-clicking on AUVSm.exe executes the program. The user can create a new AUV
configuration by utilizing the * AUV Configuration” diaog from within the “Edit” menu, or use the sample
configuration “EAVE’ supplied in the folder. To use this file, the user amply uses the “Open” command
from withinthe “File” menu. Oncethe vehide is configured, the next step isto connect to the Environment
Server. Firdt, the user must ensure that aworking network connection to the Internet isinplace onthe host
computer. Next, the user should ingpect the “ Connection Preferences’ didogwithinthe “Connect” menu.
The default server host and port information should be vaid; if this has changed since the software was
released, up-to-date information can be found on the CADCON Environment Server Status page. User
name and password can both be set to “guest”. Findly, the connection time can be specified; the server
will disconnect the AUV Sim gpplication after this period of time eapses. Having verified this connection
information, the user can now connect to the server by selecting the “Connect to Server” item within the
“Connect” menu. Thiswill initiate contact with the server and will provide the user with alist of currently

5 http://mww.aus .org/cadcon/simul ation.htm
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available scenarios in which tojoin. The user selects one of the these scenarios, and presses“Enter”. After
amoment, the user is prompted with a didog requesting the initid starting location of the AUV. This can
be anywhere within the scenario boundary limits. After entering thisdata, the user presses “Enter Sm” to
enter the virtua environment.

From this point onward, the smulated AUV isnow a part of the scenario. The operator can view
the position, energy status, communication messages sent and received, and misson sensor satus of the
AUV through the gppropriate didogs within the “Display” menu. The “ Generic Behaviors’ diaog within
the “Command”’ menu provides ameansto control this AUV aswell asremote AUV smulations, based
uponcurrent AUS researchinto acommon control language for VIPs. Findly, the“Monitor” didogwithin
the “Environment” menu can be used to view client connection status. When the user is finished with the
session, the “ Disconnect” item can be sdlected from the “ Connect” menu to disconnect the dient fromthe
Environment Server.

The Visud dient folder contains the following files Visudizer.exe and severa support files Double-
dicking onVisudizer.exe executesthe program. Connectionto the Environment Server ishandled smilarly
to AUV Sm; after verifying connection information in “Connection Preferences’, the “ Connect to Server”
menu item is used to initite the link. The user is then requested to select a scenario to join, and the
connection processis completed.

Visud provides a complete view of al VIP participantsinthe environment. These participantscan
be viewed graphicdly to scde throughthe 3-dwindow. Numerica datafor the environment featuresaswel
as each VIP diat is dso avaladle through the “Environ Info” and “Vehide Info” tabs, respectively,
positioned to the right of the 3-d view. The user can manipulate their view using the 2-button mouse or by
using the “ Scene Maneuver Tool” within the “View” menu. The various scenario festures can be located
withinthe environment by checking their nameswithinthe “View” menu. Inadditionto the default 3-d view,
the user can aso plot 2-d x-y position history and energy vs. time for any VIP inthe environment. As with
the AUVSm dient, the “Disconnect” item can be selected from the * Connect” menu to disconnect the
client from the Environment Server.

M ore complete usage ingructions for each client are avalable from the dient help fileslocated off
of the CADCON home page.

Environment Server Mechanics

The CADCON architectureisbased upontheclient-server model [ Comer & Stevens, 1993]. The
concurrent server stsonan AUS host waiting for usersto initiste or join a Smulation session via their
client software. The services provided by the Environment Server are dassfied asbeing nonstandard
application services, that is, they useacustomapplicationsleve protocol and nonstandard protocol ports.
The dients are fully parameterized to provide access to different scenarios on different server ports. The
dient interactionwiththe server isof the connection-oriented style (TCP/I P based) for increased rdiability
and smpler goplications software design.



Figure 2 shows atypica “sngpshot” in time of active processes during a scenario to illustrate the
ma or software components of the CADCON architecture. Shown are five participating agents, withther
corresponding Environment Server processes represented by the column of dlipsesjudt to the right of the
shared memory. They each access their particular piece of the shared memory to obtain and deposit
pertinent information about the agent they are serving. In this diagram, elipses denote running processes
while rectangles denote files, memory segments, and meachine boundaries. Communication paths, are
depicted with arrows of various thicknesses to quditatively indicate directionality and bandwidth of that
communication.
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Figure 2. CADCON Architecture Detail

The physicsdaemon process is where the large grain physics of the system areimplemented; it is
the source of individua agent motion. It is aso responsible for checking to see that agents bodies do not
overlap witheach other or environment features. Whenthis occurs, collisons are sgnaded and the involved
agents motion is modified appropriately. This process dso managesthe data structures which are used to
represent the features of the smulated aguatic environment. During operations, it reads the shared memory
structureto find out the state of each participant, computes a new State for each one, and writesthe results
back to the memory structure. The cycle rate of this process is configurable. We have been running it at
10Hz.

The agent server process is what actually performs the traditiona serving function to a remote
client. It depositsdata fromthe dient inthe shared memory datastructures and retrievesrequired datafrom
same for tranamission to the client. Updates to the dient occur at adower rate, typicaly 1 Hzto the Visud
client and 2 Hz to the AUVSmdient. AUVSmand Visud dient updatesto their respective agent servers
occur a 1 Hz.



Thesmulator manager process providesthe server adminigtrator (Iocal to the server maching) with
awindow into ongoing smulaions. Viathis process, the administrator can view the absolute ground truth
of ascenario asit unfolds. This process can be activated when needed during executionof a scenario. In
fact, the physicsdaemonand the agent server(s) are fully capable of running complete end to end scenarios
without any adminigtrator interaction. The amulaion manager program was origindly intended as an
observationtool only; recently however, it has been outfitted withsome control cgpabilities. We expect this
trend to continue.

At the top is shown a completely autonomous drone process. Being autonomous, the drone
process does dl the computations necessary for participatinginthe scenario; that is, it has no corresponding
dient. Drones are intended to add “background color” to scenarios by populating them with smplistic
agents. Drones are specified in the scenario configuration files, and are considered part of the virtua
environment festure st.

As currently implemented, both the drone and smulation manager processes don't srictly adhere
to the dient/server model. They both must run on the same machine as the remainder of the Environment
Server. This weakness will be addressed in the future. Both the Visud client and smulation manager use
OpenGL graphicslibraries® for rendering 3-d views of the underwater cyberspace. In kegping with the
desire to implement this on commonly available hardware, the current Imulation manager uses the free
Linux port of the OpenGL library (caled Mesa) while the Visud client usesthe M FC compatible version
the library.

Belowthe drone process are shown two agent server processes handling AUV Sm dlients, which
are arranged to show the distributed cgpability: one isbeing controlled localy onthe server host while the
other isbeing controlled remotdy frommachine.uni.edu. A third agent server processisfor aVisua dient
running on host someplace.com. Client/server communication betweenremote hogtsis effected over the
network via sockets, which are diagramed as small dlipsesin the various host boundaries.

CADCON Simulator Experience and Conclusions

The primary utilityof CADCON isto serve as atestbed infrastructureto support research activities
a AUS. To date, it has been employed in the following endeavors:.

VIP Common Control Language Development

CADCON has dlowed us to test and evaduate portions of a VIP Common Control Language
(CCL), currently under researchat AUSI [Komerskaet al., 1999b]. Suchalanguage is critica inenabling
multiple heterogenous VP command and control such asin an AOSN gpplication. The current AUVSm
clientsimplement language and behavior aspects whichincdude basic maneuvering, waypoint trangting, and

® http:/ww.opengl.org



communicationof capahilities and status. Usng CADCON, we have connected numerous agents in joint
Stuations and exercised these language aspects. This has dlowed usto test the agents maneuvering and
communication capabilities, induding Stuations where agents have commeand over the movements of teams
of other agents. Doing this provides a powerful way to bring a satic language specification “to life’ and to
gan meaningful experience withit.

The CCL specification has been incorporated inthe AUV Smdient inamodular fashion, dlowing
us (and other researchers) to incorporate newer language versions into existing AUVSm dientsrdatively
eedly.

Solar AUV Hardwar e-in-the-L oop Experiments

By desgn, the CADCON infrastructure abstracts the notionof aVIPto indude bothsmulatedand
actual platform representations. Having demonstrated the purdy smulated capabilities of CADCON
(through the AUVSm dient), we then carried out an effort to implement Smple hardware-in-the-1oop
monitoring and control of a prototype SAUV energy subsystem [Ageev et al., 1999]. This energy
subsystem, known as the Energy System Testbed (EST), was developed at AUSI to investigate SAUV
energy management strategies|AUSI, 1999]. It consstsof a photovoltaic panel array, batteriesand micro-
controller integrated into a watertight SAUV-shaped platform. We utilized a modified AUVSm dient to
both interface to the EST hardware as well as the Environment Server, thereby representing the EST “by
proxy” within the virtud CADCON environment. We could then choose to use CADCON as a pure
digtributed EST monitoring tool (viathe Visud client) or have the AUV Sm dient represent an SAUV, with
ared energy subsystemintegrated withother smulated subsystems. This|atter approach dlowed usto test
the previoudy devel oped energy management strategiesin (Smulated) motionoriented experiments, aswell
as exercise inter-VIP communication-related CCL dements, by alowing other VIPs to query the Solar
AUVSm dient for its energy state. The energy state responses corresponded to the actual measured
subsystem va ues calculated on the EST hardware.

In November 1999, the EST participated in the Office of Naval Research (ONR) sponsored
“AUV Demo,” held in Gulfport, Mississppi. Our objective during this event was to exercise the EST
dtuated in aremote water bound context, collect solar energy data, communicate with the platform over
severa unique communication links, and digtribute that data in near real time to Visud dients over the
Internet via the CADCON communication harness. Principal components linked together during the
demonstrationincluded the EST platform, the research vessd, the shore stationand CADCON dements.
These components used links based on both Ethernet and serid protocols, RF and cellular telephone
modems, and the Internet. In addition to this, severa PC-based applications were utilized, induding an
early verson of the ASMAC dlient for vehicle control and monitoring, and the CADCON AUVSm and
Visud dientsfor remote representation and monitoring of the vehicle, respectively. By usng this approach,
we ganed vauable experience in networking representative AOSN components, aong with an
understanding of issues related to public versus private vehide control, communications time delays
between nodes, impact of node failures upon both command and monitoring, and understanding generd
agpects of interfacing mature nodes with experimental nodes.
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In February, 2000, the EST platform was transported to New Castle, NH for another set of
remotely Stuated demongtrations. The focus of these experiments was to complete a series of vaidation
tests begun a the AUV Demo of a prototype satellite communicationsystem caled the Ocean Data Link
(ODL), under devdopment for ONR by ViaSat Corporation. ODL employs existing C-band
geosynchronous satellitesto providetwo-way communications with full ocean coverage utilizing low power
transceivers. An ODL transceiver prototypewas mounted onthe EST and was placed 5-10 mout inamild
ocean surf off of New Castle. The demondtration consisted of regular polling of the EST status and GPS
information over the satdlite datdink usng a modified AUVSm diert. The EST/ODL equipment
responded with appropriate energy status or GPS information. This information was then made available
on the Internet through the CADCON Visud client.

Movement Simulator for M agnetic Navigation Experiments

As part of aneffort to support Foster-Miller, Inc. (FMI), researchers from AUSI and FMI were
ableto utilize CADCON to test and evauate magnetic navigation agorithms under development at FMI
and MISLtd. of Nova Scotia. Thiswas accomplished by modifying the AUV Sm dient to incorporate the
magnetic navigation agorithms in conjunction with adding a magnetic dipole mode to the Environment
Sarver. Dipdleflux informeation is delivered to the AUV SIm client as“sensed datd’, where it is then used
as input into the FMI pogtioning agorithms. The “true” vehicle position can then be compared to the
caculated “magnetic’ position, and the error assessed over arange of vehicle trgectories. The magnetic
positioning agorithms are provided to a user (with FMI/MIS permission) in binary format, in the form of
a Windows dynamic link library (DLL). The AUVSm dient searches for this library during AUV
configuration. It provides the extra functiondity if the DLL is present or the default functiondity (no
magnetic postioning) if it isnot found. This paradigm offersother researchersthe ability to explore the use
of these magnetic pogtioning dgorithms withinther own V1P amulaions (within the CADCON smulation
context) while protecting the developers intdllectua property rightsin this area.

An interesting outcome of this work is we now have a method for researchers to add their own
custom functiondity to the AUV Sm client. Because of its modular object-oriented design, the AUVSm
dient serves as a good foundation gpplication whose functiondity can be extended by other research
groups for usein the CADCON fecility in order to address their own research issues.

Future Work

We have identified a number of areas for further CADCON development. At the front of the list
isthe design and implementationof anew kind of dient cdled the Autonomous Systems Monitoring and
Control (ASMAC) dlient. A user actualy contralling and monitoring a fleet of heterogenous V IPswill need
morethanasngle agent perspective into the system. Suchauser facesissuesbeyond those associatedwith
remotely piloting Sngle vehicles. The user will want to control and monitor the fleet in terms of teams of
VI1Ps cooperating to complete some misson, not in terms that function at the level of individua fleet
participants. The development and use of this client will form part of this research into multi-agent
monitoringand control at AUSI. A amplified versonof ASMAC is currently under devel opment to support
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ajoint AUSI/IMTP/Univerdty of Hawaii extended duration ocean sampling demondiration of the SAUV
during Spring of 2001.

We have dso started work onan External Model Interface (EMI) dclient. The purposeof thisnew
client will be to access higher fidelity ocean databases and moddls (for example, those generated by
RutgersUniversitymoddsduring L EO-15 testing’) and providethat informationto the Environment Server.
Part of this work will involve adapting our software to utilize standard data access formats, such as
NetCDF®. This improvement will alow CADCON users to paticipate in more redistic and relevant
smulations.

Plans are dso underway to implement afamily of motionmodes, whichwill aso be selectable by
the participant at login time. These will range from a fairly redistic force based modd to the abstract
“achieve next pogition” mechanismused inour origind Environsamulator. Additiondly, each participant will
be able to register for a specidly defined “sdf” motion mode, where the participant supplies its
position/attitude data to the Environment Server. This opens the door to utilizing far more accurate client
side mation and control models [Peng et al,. 1999] in scenarios. It will so provide the meansfor red
VIPs operating in Stu to inject data into the scenario (assuming a method exigts for getting that agent's
communication attempts onto the Internet).

Weintend to implement smple modeds of various navigation sources, emitters, and networks so
that participants may register for particular navigation aids and then receive their position and attitude
updatesinamoreredigic fashion. The magnetic dipole isthefird instance of such anavigationaid modd.
We dso plan to improve the agent-to-agent communications harnessto include representations of RF, cdl
phone, and satdllite communications, as wel as adding noise and attenuation effects to adl smulated
communications paths.

For collisoncomputations, dl agents are currently considered to be spheres of various szes. Work
is in progress to refine that representation using available “collison libraries’. In particular, we are
investigating the Robust and Accurate Polygon Interference Detection (RAPID) library®.

Weintend to participate in ajoint effort to connect the University of Maine's high level multi-agent
CoDA smulaor’® withCADCON inorder to formanintegrated AOSN testbed. Inthis setup, CoDA will
be responsible for amulating high level AOSN cooperative control mechanisms aswell asindividud VIP

" http://marinerutgers.edu/mrs

8 http://www.unidata.ucar.edu/packages/netcdf

® http:/Amww.cs.unc.edu/~geomyOBB/OBBT .html

10 See Turner & Turner, [1998] and http://cdps.umcs.maine.edu/CoDA
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intdligert controllers. CADCON will supply the individua agents “presences’ in the scenario, the
communication channd, and the virtud underwater environment context.
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