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Abstract. RoboCupRescue Simulation is a large-scale multi-agentlabion of
urban disasters where, in order to save lives and minimintade, rescue teams
must effectively cooperate despite sensing and commiumicéimitations. The
annually increasing number of teams participating in theglie shows clearly
that there is a high demand on research in this eld.

However, from our experience of participating at RoboCu deam, but also
from organizing RoboCupRescue as a public event [1,2], wmbd about two
strong limitations that arise practically during the comitgen: First, the current
system offers only limited methods for comparing speci dlitibs of rescue
teams. Second, the current presentation of the competgionly limited un-
derstandable for spectators. Within our effort in devaigpa new visualization
of the rescue domain, we want to focus on these two limitatid¥e introduce a
system for visualization that covers the demands of botleldpers and specta-
tors.

1 Introduction

RoboCupRescue simulation has been part of the RoboCup ¢ibiope4] for four
years now. The annually increasing number of teams paaticig in this league shows
clearly that there is a high demand on research in this eld.

However, from our experience of participating at RoboCup team, but also from
organizing RoboCupRescue as a public event [1,2], we leambeut two strong limi-
tations that arise practically during the competition

Limited Team Comparison Due to the fact that the total score of a team of agents is
based on the outcome of multiple tasks, such as path planexpdpration, target
selection and team coordination, it seems, especiallydicdise of equal teams, dis-
satisfactory to compare them by the total score only. Radtity at run time it turns
out to be dif cult to get an idea about the performance of artedirtually, the team
performance is observed by the group-extinguish actioereds the percentage of

! These limitations mainly exist with the current of cial cqetition viewer. Former viewers,
such as the viewer from Kuwata [6], were basically develojpéal the same direction as the
viewer proposed in this paper.



discovered civilians or the percentage of cleared roadsldom eye-catching to

the spectator.

Hence we argue that it is very important to visualize stagssuch as the number
of civilians found or the percentage of cleared roads, ireotd shape a team's
specialty but also in order of make watching a run even mocéieg.

Accessibility to the public The current competition viewer provides an excellent vi-
sualization of the overall behavior of multiple agents. tigb optimal for the agent
programmer, it seems to be hardly possible for spectatensderstand the complex
agent-relations in real-time. As we noticed, most specsa@en have problems to
recognize the 2D visualization as a map of a city.

Within our effort in developing a new visualization of thescete domain, we want to
focus on these two limitations. We introduce a system foualigation that covers the
demands of both developers and spectators.

The remainder of this paper is structured as follows. Se@iprovides an structural
overview of the proposed viewer system, whereas sectiors@igses its implementa-
tion. In sections 4, 5 and 6 new features for scene seleatidrigualization of statistics
and graphics are discussed. Finally we summarize the pagection 7.

2 System overview
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Fig. 1. An overview on the proposed viewer's capabilities: simudtaus scene rendering in 2D
and 3D, and visualization of statistics on one or multipleesos, respectively



We believe that the current limitations mentioned in thedduction can only be re-
laxed by offering a 2D and 3D visualization and also staigdtinformation of the team
performance at the same time. Therefore the introducedevisystem is designed to
create multiple views of the simulation (see gure 1), whitlght either be located
on one screen or being distributed among many of thekdditionally it will be sup-
ported to merge multiple views into one window by the tecbgglof Head Up Displays
(HUDs). Then, for example, one might have a large 3D visaéitin of the scene on
the full screen and a small 2D visualization in the lower taftner, similar as known
from computer games, such as Microsoft's Age of Empires. Almaber of views and
whether they are merged into one window or distributed, @addned within a con-
guration le. At any time and mode of the visualization, tlseene currently rendered
on the 3D screen will be indicated within the 2D view.

3 Implementation

The implementation of the viewer is based on the Open SceaphQIOSG) library
which is a C++ open source project for scene graph rendefisongded 1998 by Don
Burns [3], and is based dbpenGL The viewer project bene ts from the library's fast
rendering engine and portability. Particularly the lattBows it to successfully run the
viewer under Linux as well as under Windows XP.

The current release of the viewer, available under the pt®jgome page [5], sup-
ports the visualization of a simulation run from log les ofiamap, such as Kobe,
Foligno or VC, and will soon also support online visualipativia a connection to the
kernel.

4 Scene selection

In order to make rescue simulation attractive to the puliilis,important but also dif-
cult, to select interesting scenes, such as a group of réters extinguishing a re
or a team of ambulances rescuing civilians, for visualizangappropriate camera per-
spective within the 3D window. Kuwata's viewer already implented the possibility to
select different perspectives, such as an agent-centerspgztive [6]. We are currently
working on mechanisms that automatically detect intemgsictions, such as group ex-
tinguishing. However, we believe that with the informaticunrently provided by the
kernel to the viewers, the visualization of the agent'satdiby automatically recog-
nizing their plans, will always be one step behind. Therefowill be once necessary
that the agents inform the viewer about their intentiores,which are their targets, at
least on a group level.

At the current stage we intend to simplify the problem by fdang the possibility to
manually select agents and positions on the 2D map whiclegluccessively rendered
on the 3D window. Furthermore the selected perspectivejgely the camera's eld
of view, will be marked on the 2D view. By this it will be possibfor the session

2 Note that the distribution of various windows from a singjmplication over more than one
screen can be handled by modern graphics cards.



chair, or any member of the team, to emphasize the probleiluedsby the agents
to the spectator. From a selected 2D pfse/; ) the right 3D posdx;y;z; ; ; )
will automatically be calculated, i.e. a perspective tinivgs a complete scene without
buildings or agents in the way

5 Visualization of statistics

The visualization of statistics is currently under devet@nt. Basically, the idea is to
show the progress of key values that indicate the performahthe agents over time.
In order to compare these values, all visualizations ofsttes will allow to draw the
data of the current run in comparison to all previous runsiaramparison to the best
run of this round only. This feature, which one can enableisalile in the viewer's
con guration le, will make watching runs much more intetagy, since one gets a
deeper comparison between competing teams. We intendualizis the following in-
formation:

— Performance of the police forces
The percentage of blocked agents over time
The percentage of completely blocked roads over time
The percentage of partially blocked roads over time
— Performance of the ambulance teams
Percentage of dead agents over time
Distribution of civilian damage (chart)
— Performance of the re brigades
Percentage of destroyed buildings over time
Percentage of saved (extinguished) buildings over time
Distribution of building eryness (pie chart)
— Exploration
Percentage of found civilians over time
Percentage of explored buildings over time (i.e. how marildimg centers
have been once in the sight of an agent)
Exploration coordination (i.e. how many buildings haverbgisited more of-
ten than necessary?)
— Path planning
How many times did agents run into blockades?
How optimal were the executed plans, i.e. by which percenthid they differ
from optimal plans, given perfect knowledge of the world?

6 Graphics rendering

At the current stage, the viewer is able to render the anomaif agents in three di-
mensions (see gure 2(a)) or two dimensions by projectireg3® scene into the plane
((see gure 3(a)). Due to the high frame rate that is possioth the OSG engine and

®Notethat , and denote the 3D rotations, also known as the roll-pitch-yagles



a 3D graphics board, movements of the agents are easilyabkcby the observer.
The system enables the visualization of res and smokednicle systemgsee g-
ure 2(b)) and the usage of textures (see gure 3(b)) is supdof he visualization of
other maps, such as that one of Foligno City or Virtual Cisypossible without any
additional changes (see gure 4). Furthermore it is possibldisplay the team name
and the current time and score at each step of the simulation.

We are currently working on improving the 3D visualizationthe following fea-
tures:

— Animation of actions, such as extinguishing res or clegrinads

— Displaying text that comments the actions currently takeadents in the rendered
scene

— Markings above buildings that indicate what and how manytgeare inside

— The possibility of making building walls invisible for a geted position and radius
in order to allow the observation of actions taking placeuacbor within buildings

7 Summary

Everyone ever participating in the RoboCupRescue sinmdéague is aware of the
fun but also the signi cance and challenges of this work oag to solve while imple-
menting multi-agent behaviors under uncertainty andtiea- However, as we already
stated in the introduction, current limitations make itdigipossible for spectators, and
sometimes even for participants, to appreciate the pedonom of a rescue team. This
is contrary to any other league at RoboCup and can only begelhioy continously
improving the visualization.

We hope that our proposal for an open source viewer systemdstep towards
making RoboCupRescue simulation accessible to the putdiaéso that in the future
more people will contribute to the viewer project.
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Fig. 2.Sub gure (a): 3D visualization of the Kobe City, Japan. Gréeildings indicate refugees,
red buildings re stations, white buildings ambulance istas and yellow buildings police of ces.
Sub gure (b): Simulation and visualization of re in the sancity. Blue buildings indicate ex-
tinguished res, whereas the colors from yellow via orangéfack indicate the eryness of a
building.
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Fig. 3. A two dimensional visualization of Kobe (a) and a visualiaatof objects with textures

(b).



Fig. 4. Visualization ofVirtual City (VC)



