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Abstract— Risk-Communication (RC) is a good opportunity to
share potential risks of various subjectswith information holder
and citizens. It is important to let peopleknow what will happen
with their casesin RC. The simulation of disaster and rescueis
useful for people to predict and understand the potential risks
of damageswhich are causedby serious disasterssuch as great
earthquakes.We proposeto usean interactive disastersimulation
systemfor RC.

In order to apply RoboCupRescueSimulation System for
RC,we propose an extended architecture and an inter-viewer
communication protocol.

I . INTRODUCTION

In late years,the importance of risk-communication(RC)
is widely recognized. RC is a good opportunity to share
potential risksof various subjectswith informationholder and
citizens.The information holder includeslocal governments
and businessorganizations. With RC the information holders
canbuild trust with citizens.

Leiss [6] described that the development of RC consistsof
the following seven steps;

1) Obtainaccuratequantitative dataof potential risks.
2) Disclosethe dataandexplain the datato citizens.
3) Explain the data with various analysis to show the

meaning of the data.
4) Show therisksarein real-world, by usingcaseexamples.
5) Show familiar examples of the risks.
6) Show what they cando for the risks.
7) Build trust with citizens.

It is very important to let peopleknow what will happen
with their casesin RC.

Thesimulationof disasterandrescueis usefulfor people to
predict and understandthe potential risks of damageswhich
arecausedby seriousdisasterssuchasgreatearthquakes.

To show andto explain the datain step3 through 5 in RC,
simulation systemsserve the purpose. Especially, it is very
useful to have good visualization tools for thesesteps.We
proposeto usesimulationsystemsasRC tools.
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Fig. 1. A RC scenewith a Simulation System.

I I . RCWITH SIMULATION SYSTEMS

Fig. 1 shows an example of RC scenewith a simulation
system.

In this example, lecturers usea simulationsystemto show
examplesof potential damages,while civilians canwatch the
results of simulation with their own viewer. Civilians can
alsousetheir viewer to shareinformationby themselves.For
example, one civilian scrolls the map to check the statusof
his house and �nd that his house is in the severely damaged
area.He can sharethe information with his friends with the
viewer.

Fig. 2 shows an example of a viewer which is implemented
on PDA(Personal Digital Assistant).

I I I . DESIGN OF V IEWER SUBSYSTEM

RoboCupRescueproject ([2] and [8]) is a cooperative re-
searchproject with researchers in a wide variety of research



Fig. 2. Exampleimageof a viewer with PDA.

�elds andcountries.Oneof the goal of the project is to build
a simulationenvironment that canserve asa testbed.

The projectprovidesa package of distributeddisastersim-
ulationsystemfor researchersasanopensourcesoftware.We
choose RoboCupRescueSimulation Systemas a baseof our
research.

We propose an extended architecture and an inter-viewer
communication protocol for RoboCupRescueSimulation Sys-
tem.

The design of the architecture and the communication
protocol of RoboCupRescueSimulationSystem(version 0) is
describedin the manual[7].

We designed a new viewer subsystem,which can work
with conventional RoboCupRescueSimulationSystem. This is
becausewe want to apply RoboCupRescueframework with
minimum modi�cation. The architecture of viewer subsystem
is shown asFig.3.

The subsystemconsistsof a viewer-server (VS), extended-
viewers(EV), and optional standard-viewers(SV). From the
view of therescue-kernel,thesubsystemactsasausualviewer.
VSmakesa UDP-connectionto thekernel, just like a standard
viewer, followed by viewers make UDP-connectionsto VS.
Whensimulationstarts,the VSreceivessimulationdatafrom
the kernel, andredirects themto viewers underneath.

VS supports the control of display time (DT) for each
viewers.Without VS, DT is given by the kernel aswall-clock
time, thus all of viewer shows the statusof sameDT. It is
possiblefor VSto control DT independent from kernelclock.
For example, Viewer A displaysthe statusof time=200 and
Viewer B displaysthat of time=300 at the sametime, while
the kernel stepsforward to time=400. This function is useful
to display the situationsat different DT in two viewers to
compare the time sequence of simulations.

VS also handles an extended protocol, which supports
communicationbetweenviewers.Theprotocol is called'Inter-
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Fig. 3. Architecture of RoboCupRescueSimulation System and Viewer
Subsystem.

viewer Communication Protocol', and described in the next
sectionin details.EV supports the protocol.

IV. INTER-VIEWER COMMUNICATION PROTOCOL

Inter-viewer communicationprotocol is designed to support
communications betweenviewers, which are connected to a
VS. By using the protocol, the viewer can exchange various
datarequired for informationsharing.

The protocol hasthe following characteristics.
1) Interoperability with standard-viewer andrescue-kernel

The protocol is designedas a supersetof standard
kernel-viewer communication protocol. VS can work
with both standardviewer and EV. Viewers designed
to work with extended protocol are compatible with
standardrescue-kernel.

2) Messagesare independentof the protocol
Theprotocol is independentfrom message.It is possible
to designdifferentsetof messagesfor differentkindsof
needs.

3) Control of Viewer State
It is possiblefor VS to know the capability of viewers,
suchasscreensize,communicationspeed,andmemory,
with control messagesin the protocol. By making use
of the information of viewer, VScancontrol themopti-
mally. For example,VSshouldsendabstractinformation
for the viewer with low-speed communicationlinks.

4) Support of BroadcastMessage
VS supports broadcast to send a messageto multiple
targets.Viewerscansenda messageto all otherviewers,
aswell asa messageto a centerviewer.

A. StateTransitionof Extended-Viewer (EV)

Fig. 4 shows thestatetransitionsof viewers.Therearethree
statesexist in the diagram.

1) Initial State



Whenlaunched, a viewer startsas initial state.
2) SV-State

By connectingto VS, theviewer moves to SV-state. The
VS usesonly standard-protocol to communicate with
the viewers in this state. In this case,the results of
simulation received from rescue-kernel are sent to the
viewerswith 'statechange' message.This mechanism is
just thesamewith standardprotocol betweentherescue-
kernelandviewers.

3) EV-State
The viewer with SV-state moves to EV-state once it
registersto VS. Extendedprotocol is usedfor theviewers
in this state. In this state, the viewers can exchange
information eachother with extended protocol. As the
extended protocol includes standardprotocol, VS can
also send the results of simulation as 'state change'
message.With this mechanism, users can exchange
informationeachotherwhile they receive the resultsof
simulationin background.

4) return to SV-state
Viewer with EV-statereturns to SV-stateby unregisterto
VS. Notethat it is not necessaryto returnto SV-stateev-
ery time whenusers�nish exchangingthemessages.By
returning to SV-state, we canreduce traf�c of messages
betweenSVandviewers.
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Fig. 4. A Statetransition diagram of viewer.

B. Control Messages

The following messagesareusedfor the control of EV.
1) Register / Unregister A viewer registers as an EV/

unregistersfrom EV andback to SV.
2) QueryAn EV sendsinquire to VSaboutthe information

of other EV. VS returns the information registeredby
otherEVs.

3) MessageAn EV sendsa messageto otherEV(s)via the
VS.

4) Attention When one of EVs sendsa message,the VS
redirects themessageto EVsasan 'Attention' message.

Fig. 5 representsan example of transactions betweena SV
and two EVs, EV-A and EV-B. After EV-A and EV-B are
connectedto a SV, they serve asstandardviewers.Whenusers

decide to use the viewers as communication tools to other
users,theusersneedto operateto move EV-state. Theviewers
register themselves as extended viewers to the SV. The users
can make useof extended functions, suchas sending cursor
positionto otherusers,while theviewercanreceivesimulation
state-change messagefrom rescue-kernel.
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Fig. 5. An exampleof transactions with SVandtwo EVsin the inter-viewer
communication protocol

V. IMPLEMENTATION

We implementedthe architecture and the protocol with a
viewer called'logViewer'1 ([3] and[5]). 'logViewer' hasbeen
usedas of�cial viewer for the RoboCupRescue competitions
from 2000 to 2002. The viewer is an open-sourcesoftware,
written in pure-Java for portability. We extended the viewer
to have both SV and EV functions as a prototype of viewer
subsystem.2

Table I represents a set of messagesusedto implement a
prototypeof viewer subsystem.

As thesystemis prototypeandthepurposeof useis limited,
only six messagesarede�ned in the implementation.3

TableII represents a setof functions in theprototypeof the
viewer subsystem.Four functionsareaddedto logViewer. The
functionsareselectedbecausethey canhelp communications
with viewers.

By usingsendbuttonon thetop right corner of mainscreen
in theprogram,thelogViewermoves to extended-modeviewer.
In this mode, additional functions areactivated.

1The sourcecodeand documents of the latest software is available at the
following URL.
http://homepage1.nifty.com/morecat/

2The functions of viewer subsystemdescribed in this paper is a part
logViewer sourcepackage sinceversion1.5.

3We cande�ne different setsof messagesfor viewersin different purpose,
andstill we canmix the viewers in a sameSVin the protocol.



TABLE I

MESSAGES AND THEIR MEANINGS IN THE PROTOTYPE

Message
(Mnemonic)

Mean Parameters

V2 DECLAR Submit the informa-
tion of the viewer to
VS

Type of viewer,
Nickname,
andso on

V2 CURPOS Senda set of cursor
position

A setof coordinates

V2 SCREEN Sendscreeninforma-
tion (center coordi-
nates andscale)

Center coordinates
andDisplay scale

V2 DRPOLY Send information
of handwriting
(polygons)

A sequence of coor-
dinatesets

V2 PUTICN Send coordinates of
marker (cursor)

A setof coordinates

V2 MESAGE Senda message messagestring

TABLE II

FUNCTIONS OF THE PROTOTYPE OF EV

Name Function Operation
Shared-cursor Send cursor posi-

tion to other view-
ers.

Click thecenter but-
ton of mouse.

Shared-
handwriting

Send handwritings
(polygons) to other
viewers.

Drag mouse with
right buttonpressed.

Synchronized-
Scroll

Synchronize screen
position and scale
with other viewers.

Use scroll bar or
dragon the map.

Shared-Message Send a messageto
otherviewers.

Click mouseon the
simulation objects.

Fig. 6 represents an example of screenimageof VS. In this
example, two EVs connectedto the server and showing the
statusof time=159. By usingtime-control buttonson theright
side of the control panel,userscan control the display time
individually.

Fig. 7 andFig. 8 represent examplesof screenimageof EV.
In Fig. 7, two screenimagesare shown. In this example,

two EVs, EV-A andEV-B, arecommunicatingeachother. The
cursoron the centerof the mapsare sharedwith eachother.
If the cursor is moved on one of the EVs, the cursoron the
other EV moves to the sameposition on the map. The EVs
alsosharehandwriting objects.For example, whenan userof
EV-A draws a polygon on the map on the screenof EV-A in
order to show a position, the handwriting is also shown on
the map of EV-B. The mapsare also synchronized with the
displayedarea.If the userscrolls the mapof EV-A, the same
areais shown on EV-B.

Fig. 8 representsa screenimageof EV-B with a message
from EV-A which is shown asa bubble on simulationobjects
in the map. In the current implementation, userscan senda
messagewith a mouseclick on a simulationobject in themap.
In this example, theuserof EV-A indicatesthathe/shefocuses
on the activities of the agent.

Fig. 6. Screenimageof VS's time control panel..

VI. CONCLUSIONS AND FUTURE WORKS

We proposed an extended architecture and an extended
protocol to support communications between viewers for
the RoboCupRescueSimulation System. Based on the ar-
chitecture and the protocol we implemented a prototype of
the viewer subsystem.The systemhas capability of shared-
cursor, shared-handwriting, synchronizedscroll, and message
exchange.Thesefunctionsareuseful for risk-communication.
We are planning to apply the systemfor risk-communication
betweenlocal governments andcitizens.

The prototype system is used to evaluate the humans'
capabilities of communicationon maps[4]. Thesystemis also
usedRoboCupRescue'commentary' systemnamed “Walkie-
Talkie MIKE”[1 ] which is demonstratedin RoboCup 2002 in
Fukuoka, JAPAN.
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Screen Image of EV-A

Screen Image of EV-B

Fig. 7. Screen imageof EV with a handwriting object anda sharedcursor.

Fig. 8. Screen imageof EV with a messagefrom otherviewer.


