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Abstract. We propose a system with that the behavior of evacuation or
rescue can be simulated using data of buildings on the Web. Our system
consists of three components: the first one is a tool that convents a WEB
data format into a RoboCup Rescue compatible one, the second one is
a civilian class that contains parent and child, and the last one is a tool
that displays the results of simulation on the Web. Three-dimensional
(3D) models of buildings and geographic information system (GIS) data
for roads have been created and used for everyday purposes such as sight-
seeing. Our system uses these 3D data and GIS data as the environments
for simulations and makes it possible to present the simulation results
on the Web.
Evacuation and rescue simulation has the potential for decreasing the
amount of damage resulting from disasters. Presenting the simulation
results in proper ways is one of valuable preventive methods for disaster.
Our system provides a useful platform for rescue simulation community
that agents of any team can be sent to any buildings and the activities
can be presented on the Web to save human lives.

1 Introduction

A number of great disasters have occurred since RoboCup Rescue Simulation
(RCRS) started at 2000. Figure 1 shows some disasters, and there were other
disasters such as Sichuan earthquake at 2008, Northern Sumatra earthquake at
2004, etc. The size, kind, damages and others of disasters exceed the ones that
were supposed at the design of RCRS.

We propose an Everywhere Evacuation Simulation System (EESS). Disaster
can occur at any time and any place. EESS can simulate the behaviors of civilians
inside and outside buildings over a wide area. Evacuation guidance as well as
rescue operations by rescue agents can be simulated, and the results of simulation
can be presented on the Web browser. EESS consists of following three steps.

Step 1: Preparing of maps. In order to use disaster management systems
properly at emergencies, it is desired the system and data are linked to



Fig. 1. Many disasters have happened after RoboCup Rescue was started. 9.11 WTC
(2001), Tohoku earthquake and tsunami (2011), New Zealand earthquake (2011), Aus-
tralia floods (2011)

ones that are used for day-to-day operations [17]. Three-dimensional (3D)
models of buildings and geographic information system (GIS) data for roads
have been created and used for everyday purposes such as sightseeing are
used. As the first step, our system convents a data created by SketchUp
TM(sketchup.google.com) into a RoboCup Rescue compatible one.

Step 2: Run Simulation. RCRS v.1 provides an agent based simulation plat-
form to simulate the behavior of agents on open space. We propose a civilian
class library and a traffic module that makes it possible to simulate the evac-
uation behaviors of agents inside buildings and on the roads. The civilian
class that contains two subclass, parent and child. The heterogeneity in civil-
ian agents; civilian, parent and child agents, causes varieties in evacuation
simulations.

Step 3: Display the results and use it for public relations. We provide a
tool that the result of simulation can be displayed on Web browsers. It con-
verts the results in KML files. Presenting the simulation results in proper
ways is one of valuable preventive methods for disaster.

The followings are the features of EESS.

– The World Trade Center Disaster (2001) and the Daegu subway fire (2003)
indicate that human behavior in evacuation form buildings is a matter of life
and death [16]. EESS can simulate the behavior of agents in buildings.

– ”Everywhere” means that ready-to-use maps are on the Web and used in
many aspects of daily life so that we can simulate any place at once. The
data of buildings that are created for other commercial purposes, can be used
for simulations and results of simulations can be viewed on Google Earth.

2 Related works and evacuation scenarios

2.1 Evacuation scenarios and space presentation model

Table 1 shows properties of simulators that are related to rescue activities and
evacuation behaviors.



Table 1. Properties of disaster management systems

RoboCup Rescue
properties Exodus USARSim RCRS(V.1) EESS

Agent

size 10000 10 10000 10000
types civilian civilian, civilian, police,

rescue robot fire brigade, ambulance
communication

√ √ √

rescue operation
√ √ √

Simulation
target building building town town
inside buildings

√ √ √

Disaster
fire

√ √ √ √

smoke
√ √

Map generation available for others
√ √

Exodus is an analyzing tool for the evacuation of people from enclosures such
as an aircraft or supermarket [1].

USARSim can simulate very detailed situation such as smoke or falling of res-
cue robots. USRASim uses a physical engine to compute robots’ movements
and collisions among them, and supports three dimensional environments.
It takes a lot of computation power to calculate dynamics of robots. Only a
small number of agents can be simulated.

RCRS Ver.1 simulate the motion of agents using Helbing’s model[8]. The adopt-
ing Helbing’s model and open-space model make it possible to simulate con-
gestion situations. An automatic map generator which create map files for
RCRS from OSM data is presented.

EESS is based on RCRS Ver.1 and can simulate the behavior of agents in
buildings as well as on roads. Individual decision based on their relationship
such as parent and child and guidance for evacuation can be handled [7].

2.2 Emergency cases and evacuation scenarios

Figure 2 shows a snapshot of the Junior League at RoboCup 2010. There were
team members participating in games, and their mentors watching them from
distant places. In the time of emergency, some rush to exits, or mentors go to
their members to evacuate together rather than go to the exits. The human
behavior in evacuation form buildings is a matter of life and death [16]. The
following situations become scenarios of evacuation simulation when disasters
occur at a school campus.

Outside buildings: Students evacuate from buildings to open-space areas or
go to refuges. Rescue teams rush to the buildings to rescue injured students.
The injured are transported to hospitals.

Inside buildings: Students go to exits of rooms, look for emergency exits, and
take stairs to the ground floor. The rescue teams go to rooms, and check
whether occupants remain there.



Fig. 2. Snapshot of an event where many people gather.

Outside and inside buildings: Emergency notices are announced to lead peo-
ple to safe places.

Before scheduling major events such as RoboCup, safety managers of the
events are required to assess the levels of safety for human life provided in the
buildings and plan effective layout of escape route signs in case of emergency.
After disasters, disaster-related measures have been taken in various countries
and regions [15][3]. These measures aim to decrease the amount of damage caused
by disasters. Some projects and systems have been proposed to ensure prompt
planning for disaster mitigation and risk management with the support of IT
infrastructures [6][11].

3 EESS based RCRS and simulation results

3.1 Prototype system based RCRS

In emergencies, human behaviors differ from those in ordinary times. There are
various kinds of people in the buildings, such as young and old and men and
women. It is desirable that the characteristics of occupants in buildings are taken
into consideration in simulating the evacuation behavior and planning escape
routes.

RoboCup Rescue Simulation v.1 (RCRS) is used as a platform to simulate
the behavior of agents [4]. RCRS comprehensively simulates agents’ behavior
in a simulated disaster world. The crowd simulator is modified to simulate the
behaviors of agent that have related to others such as parent-child relationships
[7]. The results of micro simulation are returned to the agents as their own and
other agents’ positions that are within their visible area.

3.2 Framework of EESS

Figure 3 shows an overview of EESS which consists of three phases.



Fig. 3. Three phases of EESS. Users prepare 3D models of buildings and set properties
of agents (Phase 1), ABS evacuation simulation (Phase 2), and display on the Web
(Phase 3).

Phase 1: Modeling 3D buildings and Web world. 3D models of buildings
or GIS data of towns are created for evacuation simulation, and they are also
used for other every day usages such as sightseeing or indoor guidance. They are
represented in several formats such as DXF or KMZ that are compatible with a
Web browser. KMZ files have the geographical data and location data of objects
in the ΣGlobal, and GML files contain map data of the area.

3D data of buildings are created in each coordinates system, ΣLocal, and they
are merged into a global coordinate, ΣGlobal (Figure 4). The data in ΣLocals are
represented in corresponding KMZ files or they are converted ones in ΣGlobal

and merged into one KMZ file. The merging into the global coordinate is used
to simulate the behaviors of agents.

Phase 2: Pseudo-3D evacuation simulation based on RCRS. Evacuation
from buildings is simulated. Inside buildings, the movements of agents are simu-
lated and their motions are calculated in ΣLocal of the building. Right-down two
figures in Figure 3 show the simulation results of an evacuation behavior in a
two-story library. Two figures correspond to two floors, B1F and 1F respectively,



Fig. 4. Global and local coordinate systems in evacuation simulation. The right figure
shows floor layouts of a four-story building. The floors are connected by stairs.

which are connected with a stairway that is also represented in an open-space
model.

Following three modules of RCRS are modified.

GIS module: New GIS module can initialize the world state of RCRS with
GML, KMZ and KML files. The common library is modified to specify 3D
objects.

Traffic module: The definition of area is changed to handle 3D buildings and
traffic simulator is expanded in order to handle the agent’s motion in 3D
coordinate.

Kernel: We added a log writer which can output the KML files.

Phase 3: Displaying simulation on the Web. The results of evacuation
simulation are embedded in <Placemark> tag in KML files. The tag consists of
three sub-tags, i.e., <styleUrl>, <TimeStamp>, and <Point>, which are used to
display the motions of agents in Google Earth. Table 2 shows the properties that
are stored in the KML.

Displaying the results of simulations on the Web provides a good instructional
material for evacuation drills. The following shows a listing of the KML file.

<kml>
...
<Placemark>
<styleUrl>#civilian-parent</styleUrl>
<TimeStamp>
<when>2007-01-14T21:05:02Z</when>
</TimeStamp>
<Point>
<coordinates>-122.536226,37.86047,0</coordinates>



</Point>
</Placemark>
...
</kml>

Table 2. Components and properties

Human Agent Vehicle Building

(longitude, latitude)
√ √ √

area ID
√

(Road or Building)
√

(Road)

orientation
√ √

out line
√ √

agents
√ √

floors
√ √

stairs
√

rooms
√

blockade
√

fieryness
√

temperature
√

buriedness
√

hp
√

stamina
√

timestamp
√ √ √

4 Discussion and Summary

Our team proposes a platform that can simulate the evacuation behaviors in
buildings. The features are

– When there are 3D model that are created by SketchUp TM, the data can be
used for simulations. The simulations support the movements in multi-floor
buildings.

– Heterogeneous civilian agents are supported to simulate the behavior of par-
ents who take care of their child.

– The simulation results can be displayed in Google Earth. This make it pos-
sible to explain the effect of simulation to the public.

Our prototype system provides a platform that wides the activities of RoboCup
Rescue community. And we hope that the system will be used for public rela-
tions to illustrate how proper behavior will save human lives and decrease the
harm from disasters.
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