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Categories and Subject Descriptors
1.6.8 [Types of Simulation]: Discrete event, Visual.

General Terms
Discrete-Event Simulation, Visualizaion, Cel-DEVS, CD++.

ABSTRACT

Cel-DEVS is an extension of the DEV'S formali sm which
combines DEV Swith Cellular Automata. It is particularly useful
for defining spaces by decompasing them into individua cdls.
The CD++ Todkit enables one to model and simulate ared or
artificial system using either DEVS or Cell-DEVS. Althoughit
is provided with a Modder tod, this permits only 2D
visualization of the smulation. This paper focuses upon two
efforts to produce integrate DEVS simulations developed with
the CD++ tod with 3D visualizaions using Blender, an open-
source 3D visudizaion software.

1. INTRODUCTION

Cel-DEVS [1,2] provides a mechanism for modeling and
simulation of cdl spaces that has been applied to multiple
projeds in different fields. The CD++ Todkit provides
DEVSView as well as the CD++ Modder add-on [3]. These
tod's provide a quick representation of the model and simulation
behaviour in the 2D space Nevertheless in order to represent
the simulation results more acarately, while providing
medhanism for interadion with users, 3D visualizaion of CD++
results has previously been dore using VRML, Atlas, Maya and
Blender [4].

Blender [5] is afreeopen source 3D content credion suite.
It can be used to crede 2D or 3D graphics as well as movie
quality animations. Blender suppats Python scripting, is freeto
use, open-sourced, and provides powerful 3D animation
cgpability. Python provides ahigh-level dynamic objed-oriented
proggamming language. For these projeds no modificaions
were made to Blender itsef but rather its native suppat for
Pythonscripting was used in order to read and animate the
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results from CD++. On [6] and [4], we showed how to integrate
basic DEVS simulation models written in CD++ with the
Blender suite, showing the integration and interoperability of
both CD++ and Blender.

In this paper we will show the application of these methods
and the use of thetod chain to an aircraft emergency evaauation
simulation. Then we focus on implementing a minefield
mapping simulation using semi-autonomous robds. These
applications will show how to provide advanced visualization
models using this tods, providing insight on how to creae
advanced 3D visudizaion projeds based on basic simulation
results.

2. MODEL DEFINITION

We first introduced a model used for aircraft emergency
evaalation simulation based on the work presented in [8], which
is concentrated on analyzing the effed of passnger delays at the
exit doas of a very large aircraft. A dua-layered cdlular grid
representing the floor plan was defined, based on [6]. On the
first layer, asinge cdl can represent awall, a pasenger, an exit
or an empty space A seandlayer was used to storeinformation
on distances to the nearest functioning emergency exit. Figure 1
shows a snapshat of the 2D visual representation of bath layers
during the exeaution run, as presented by the CD++Modder
todkit. The variable under study was the hesitation at the doar,
thus, no other fadors like panic behaviour or secondary routing
seeking behavior were implemented.
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Figure 1: Aircraft Evacuation Simulation

Our second model aims to model the behaviour of one or
many robas mapping a minefield. It was designed such that



robas moved abou the minefidld randamly and avoided
occupying the same cdl. The individual robas are constrained
to move within the minefield and scan the groundin ead cdl in
order to deted the presence or absence of mines. It was assumed
that the robds are in contad and update a common map of the
minefield. Each cdl represent a redistic area of ground that a
roba could be expeded to scan for a mine. The minefield cdl
space had two layers. The first layer contained the adua
dispasition of the mines. The state values for this layer do nat
change during the simulation. The second layer contains the map
of the minefield that was generated by the robas moving about
the minefield. The state values for this layer changed as the
robas moved abou the minefield and scanned the ground for
mines. Figure 2 depicts a snapshat of these two layers during the
simulation exeaution.
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Figure 3: Visualization Architecture
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3. VISUALIZATION

The CD++ Todkit uses a model (.MA) file to define the
behavior of a modd. A VAL file can be used to set the initial
values of eat cdl of the mode in the simulation. These two
files are used a runtime to define the behaviour of the
simulation and a .LOG file is generated which contains the state
of ead cdl for eat time-advance of the simulation. In order to
increasse the script's flexibility, it was extended to boath
recgnize the existence of a VAL file and to cary out the
loggng of the script's behaviour. The cdl spaceis represented in
Blender by adired coordinate transformation of the cdl position
to coordinates within Blender. Onceloaded, the script reads and
parses the MA file and looks for a .VAL file if nealed. The
VAL file is processd before the .LOG file in order to
adequately initi alizethe simulation behaviour. SeeFigure 3 for a
visua representation of the CD++ PythonBlender script
architedure. As the .LOG file is parsed, objeds will be
displayed at the appropriate coordinates within Blender. Objeds
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will appea and disappea in sequence, thereby representing their
movement.

4. CONCLUSION

We leaned how one can adapt a generic script to suppat
the visualizaion of results from a spedfic DEVS simulation.
The adua 3D representations of our ssimulation results can be
foundin Figures 4a and 4b. Future work will focus on extending
the script to enable automatic mapping of 3D model behaviours.
As wdll, the automatic generation of a rendered animation will
be explored, rather than having to view the raw animation within
Blender. The inclusion of the Blender visua engne diredly in
the CD++ Todlkit is currently beinginvestigated.

Figure4b: Minefield M apping 3D Visualization
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