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Abstract. One of our team's goals is to develop infrastructure tools
that help agent based social simulation systems, such as RoboCup Res-
cue System, will be used in practice in the future. For that ho pe, it
is necessary that the availability of the systems will be rec ognized by
potential users. Making rescue simulation applicable to an yplace, their
districts or even in their buildings, provides not only oppo rtunities to
show our research activities but also our but also shows potentials of dis-
aster and rescue simulation. We propose two simulation environments,
the �rst one is a map related tools that make map generation fr om open
source data and displays the simulation results on Google Earth, and the
second is a set of protocols that enables hybrid simulation of RCRS and
USARSim.

1 Introduction

The objectives of the RoboCup Rescue Simulation Project are

{ to apply agent technologies to social problems, ultimatelyto save human
lives,

{ to promote research collaboration via competition.

And at disasters, people at rescue centers are supposed to make use of rescue
simulations to decrease damages from disasters. We assume that they are po-
tential users of the agent based rescue simulation system and have developed
environments that make agent based rescue simulation systems will be used in
practice. Two simulation environments have been presentedin 2008 RoboCup
Rescue Simulation Infrastructure Competition. The �rst is automatic map gen-
eration and display of simulation results with real map. It creates map �les for
RCRS from open source GIS data and displays the simulation results on Google
Earth, and the second is a hybrid simulation environment that combines RCRS
and USARSim.

{ The �rst tools of converting standard GIS format to the RoboC up Rescue
map format. This makes Rescue simulations applied to any places. And it
also invites people to participate in the RoboCup Rescue Simulation (RCRS)
League, because people want to do disaster and rescue simulation using their



own districts. Our team has presented related tools and ideas [1][2]. This
year, we present a tool to display the simulation results on Google Earth.
This helps government to propaganda the importance of prevention planning
to their civilians [5].

{ The second is a set of protocols that links two di�erent RoboCup Rescue
simulations. RCRS is an urban size simulator and USARSim handles robots
rescue operations in the buildings after earthquakes. It makes possible to
simulate a following scenario. When an ambulance agent arrives in front of
a building, it explores the house whether victims are in or not using rescue
robots. After checking the sensing data from the robot, the ambulance agent
will enter the building to rescue the victims

2 Map environments for rescue simulation at anywhere

2.1 Background and related works

Figure 1 shows the Kobe map of RCRS and a simulation snapshot that are
overlaid on the corresponding area of Google Earth. The left�gure shows the
di�erence of buildings between at Hanshin Awaji earthquake, because the RCRS
Kobe map is the one that the Hanshin Awaji earthquake occurred and the Google
Earth displayed the late one. The right �gure shows the di�er ence between their
road networks. Although there are these di�erences, displaying the simulation
results on the real map calls the attention of local residents to prevent against
disasters.

Fig. 1. CRS results using Kobe maps displayed on Google Earth

2.2 Procedures of map �les creation and display simulation r esults

It is desired to simulate rescue operations at real situations as they are. Figure 2
shows such an example. The map �les that are necessary for RCRS to simulate



Fig. 2. RCRS results at speci�ed area on Google Earth. Maps are automatically created
from open data.

area near our university are created from the open data and displayed on the
Google Earth. Following are procedures that we proposed:

step 1: conversion to Rescue Format �les:
GIS presents map with properties such as place information -longitude,
latitude - and their connection information. This step is to make node.bin
and road.bin �les. It is straightforward and the speci�cati on depends on the
format of GIS data that are open to the public [3][4].

step 2: generation of building.bin �le:
Generally, personal properties, such as building data, arenot contained in
the open GIS data. They are key data for disaster simulators,such as �re
simulator, collapse simulator and etc. While they are purchased from com-
mercial data, we have proposed a method to generate the building data from
open data.

step 3: generation of gisint �le:
This step creates the gisint.txt �le that speci�es initial l ocations of agents. gis
program in RoboCup Rescue package creates the gisini.txt �le when there
is no gisini.txt. Our program creates a gisini.txt by specifying how many
agents will be located whether on roads or in buildings.

step 4: disaster and rescue simulations:
Simulations are done using the created map and the log viewerdisplays the
simulations using log �les.

step 4: log viewing on GoogleEarth:
Our tool enables the log viewing on the Google Earth. Using longitude and
latitude data of several points, the images output from the log viewer are
over displayed.
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Fig. 3. An image of Disaster management system at local government (left). Linkage
of the RoboCup Rescue Simulation, real disaster area and USARSim provides (right).

3 Switching simulations with agent commands

3.1 Rescue scenario

Figure 3 shows our images that the two simulators will be usedin headquarters
of rescue centers in the future. The left �gure shows that the data 
ow that
sensor data, phone calls, and TV/media are obtained from thereal world. The
local government will simulate various disaster scenarios, analyze their e�ects,
and plan their rescue operations, including the deploymentof rescue agents and
evacuation of civilians to safe places.

The right �gure shows two simulators used correspond to the needs of com-
manders. RCRS simulates disaster situations at their urbanarea. Disaster sit-
uations are simulated every time when the center receives new reports or data
from disaster cites. The middle down �gure is real area that corresponds to one
of areas where simulation shows there are �res. They are displays reported form
a rescue helicopter. And rescuers are delpoyed with robots to search victims
in the collapsed building. USARSim provides environments that simulate roots
search behavior in the three dimensional layout (in the right down corner). The
searching abilities of robots are the functions of rescue agents in RCRS. Linking
RCRS to USARSim is one approach to simulate these situations.

At present, we have two simulation platforms, one is RoboCupRescue Sim-
ulator and the other is USARSim that has been used in the Virtual Robots
Competition. RoboCup Rescue Simulator (RCRS) aims to simulate the disaster
situations of urban area with a lot of people. USARSim provides a platform that
can simulate the movements of robots to search victims within and outside of
buildings in the disaster areas. It is desired to use seamlessly as the requests
from commanders.
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Fig. 4. Links between di�erent two systems. The left �gure shows RCR S. The right
one shows Robot Center and USARSim that simulate target buil dings respectively.

3.2 Proposed system architecture

Figure 4 shows our prototype that bridges RCRS and USARSim. The followings
are themes that are necessary to combine the two rescue simulation systems and
to provide an environment for �rst responders to disasters.

1. USARSim servers: The 
oor layouts of buildings correspond to the envi-
ronment setting of USARSim servers. It requires several USARSim servers
running for buildings to be simulated.

2. Synchronous/ Asynchronous mechanism: It is hard to implement asynchronous
mechanism for a multi agent system with a lot of agents. When asynchronous
mechanism will be used, it is necessary to make other simulators to run a
speci�ed time span independently the simulation time of USARSim.

3. Simulation/ Real Clocks: The kernel of RCRS receives the commands, calcu-
lated situations after one simulation step based on the conditions of buried
or injured humanoid in buildings, and returns the results. To use for opera-
tions at real disasters, it is better that simulation clock proceeds faster than
a real clock, while it is better that simulation clock proceeds as a real clock
when it is used for training commanders.



Fig. 5. Two robots are exploring at buildings in RCRS environments. The robot in
USARSim (right) starts victims searching when one rescue agent enters in one building
in the RoboCup Rescue Simulation (left) and uses the robot.

3.3 Protocols for bridging simulators

Followings are the protocols that connect RCRS and USARSIM.

1. A rescue agent of RCRS in front of a collapsed building submits a command
that deploys robots to search in the building.

2. The kernel connects a robot client of USARSim and send the ID of the
building where the robot searches victims. The simulation steps are di�erent,
so the kernel adjusts the simulation clock of RCRS, because the present
architecture of RCRS is a synchronous simulator.

3. The robot returns the number of victims that it found, afte r the robot client
explores the assigned building.

4. The kernel pass the number of victims to the rescue agents and resumes the
simulation.

Table 1 shows protocols added to demonstrate our idea. USARSim handles
the three dimensional 
oor plan of the buildings and also messy environments
after earthquakes within the houses that will take hours to search victims. Figure
5 shows a snapshot that two robots search victims in the building. Four PCs -
RCRS, Robot Center and two PCs for USARSim - are used in the simulation.
Two USARSims were linked to a building of RCRS respectively and they have
a three dimensional models for the buildings.

In this experiment, USARSims are assumed to simulate robotsas they are in
the real world (the same ratio of the simulation time to the real time), while the
ratio of RCRS is 60 (one simulation time of RCRS corresponds to one minute).



Table 1. Protocols for bridging two systems

commands parameters
AK USARSIM N ID of building.

-10 demand the start if the robot.
KA USARSIM N The number of victims that received from Robot Center.

-5 There is not a robot that is available.
-10 There is a robot that is available.
-1 error

KU CONNECT
KU PLEASELIST
KU INIT RobotID RobotID contains the type and name of robots.

BuildingID BuildingID contains IP address of Unreal Server.
KU DELEATE RobotID RobotID contains the type and the name of robots.
KU START RobotID RobotID contains the type and the name of robots.
KU STOP RobotID RobortID contains the type and the name of robots.
KU GOTO RobotID RobotID contains the type and the name of robots.

Position Position(x,y): position within the building.
Coordinate world: world coordinate, relative: relative coordinate

UK CONNECTOK -5 There is not the robot that is available.
-10 There is the robot that is available.
-1 error

UK AGENTID N The ID of the robot that is available.
UK BUILDINGLIST N The list of BuildingIDs.
UK VICTIMNUM N The number of victims.
KA: kernel to Agent, AK: Agent to kernel
KU: kernel to Robot Center, UK: Robot Center to kernel

Because USARSim does not have a speci�c simulation timer so the simulation
clocks are adjusted by manual operation.

4 Summary and Discussions

This paper presents simulation environments that make rescue simulation appli-
cable to anyplace. The �rst one is a map related tools that make map generation
from open source data and displays the simulation results onGoogle Earth, and
the second is a set of protocols that enables hybrid simulation of RCRS and
USARSim.

The second one bridge simulations developed independentlyand featured
with di�erent resolutions. The other approach is a system using a standard dis-
tributed system protocol such as HLA (High Level Architecture, IEEE 1516)
[6]. RTI (Runtime Infrastructure) in HLA is a key component t o communicate
among components and their interoperation requires to havespeci�ed interface.
HLA is superior to our proposal in the synchronizing the simulations (federa-
tions), however it leaves the federations how to handle a huge simulation and it
has disadvantages when the simulation area is distributed to subsystems [7].
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