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Abstract

The ambient intelligence scenario depicts electronic en-
vironments that are sensitive and responsive to the presence
of people. This paper will present an ambient intelligence
system that is not aimed at providing some form of elec-
tronic service to its users, but whose goal is rather to en-
hance the experience of pedestrians moving inside the re-
lated physical environment. In particular, in our approach
the environment itself is endowed with a set of sensors that
perceive the presence of humans (or other physical entities
such as dogs, bicycles, cars) and interact with a set of actu-
ators that choose their actions in an attempt improve the
overall experience of these users. We will adopt the ex-
ample of an adaptive illumination facility to describe the
problem and the proposed solution. The model guiding the
interaction and action of sensors and actuators is a dissi-
pative multilayered cellular automata, supporting a self-
organization of the system as a response to the presence
and movements of people inside it. The model does not re-
quire a centralized form of control, since it is made up of
specific autonomous computational units locally perceiving
a part of the environment and interacting with other inter-
connected units to coordinate their actions. The paper will
introduce the model, as well as the results of simulations of
its application in a concrete case study. A brief discussion
of the potential use of this model and approach beyond this
scenario will conclude the paper.

1. Introduction

The ambient intelligence scenario [17] depicts future hu-
man environments endowed with a large number of elec-
tronic devices, interconnected by means of wireless com-
munication facilities, able to perceive and react to the pres-
ence of people.

The goals of these facilities can be very different, from
providing electronic services to humans accessing these en-
vironment through computational devices (such as personal
computers or PDAs), to simply providing some form of am-
bient adaptation to the users’ presence (or voice, or ges-
tures), without thus requiring him/her to employ a compu-
tational device. Ambient intelligence comprises thus those
systems that are designed to autonomously adapt the envi-
ronment to the people living or simply passing by in it in
order to improve their everyday experience.

Besides the specific aims of the ambient intelligent sys-
tem, there is an increasing interest and number of research
efforts on approaches, models and mechanisms supporting
forms of self-organization and management of the compo-
nents (both hardware and software) of such systems. The
latter are growingly viewed in terms of autonomous entities,
managing internal resources and interacting with surround-
ing ones so as to obtain the desired overall system behaviour
as a result of local actions and interactions among system
components. Examples of this kind of approach can be
found both in relatively traditional pervasive computing ap-
plications (see, e.g., [9]), but also in a new wave of systems
developed in the vein of amorphous computing [2] such as
the one on paintable computers described in [8]. In this
rather extreme application a whole display architecture is
composed of autonomous and interacting graphic systems,



each devoted to a single pixel, that must thus interact and
coordinate their behaviours even to display a simple char-
acter.

This paper describes a biologically inspired approach
to the modeling and realization of a self-organizing ambi-
ent intelligence system; in particular the adopted approach
employs Cellular Automata as a model supporting self-
organization among cells comprising sensors and actuators.
The former can trigger the behaviours of the latter, both
through the interaction of elements enclosed in the same
cell and by means of the local interaction among adjacent
cells. The transition rule adopted for the CA was derived by
previous applications to reproduce natural phenomena such
as percolation processes of pesticides in the soil, in specific
percolation beds for the coffee industry and for the experi-
mentation of elasticity properties of batches for tires [3, 6],
by modeling mechanisms of reaction and diffusion. In this
specific application this rule is used to manage the inter-
actions of cells arranged through a multilayered architec-
ture [5], better suited to represent an artificial environment
comprising a set of sensors that perceive the presence of
humans (or other physical entities such as dogs, bicycles,
cars), and actuators that choose their actions in an attempt
improve the overall experience of these users. Throughout
the paper we will adopt the example of an adaptive illumi-
nation facility, that is being designed and realized by the
Acconci Studio in Indianapolis.

The model that we developed is the kernel of a sys-
tem supporting the design and definition of said facilities,
through the simulation and envisioning of its dynamic be-
haviour according to specific values for the relevant param-
eters (e.g. parameters of the transition rule of the CA, but
also the number of lights and sensors, and so on). Part of
the simulator generates patterns of movement of pedestri-
ans that represent inputs for the CA and another part of the
system generates a visualization of the system dynamics, in-
terpreting the states of the CA. These parts could be actually
removed and the system could be directly interfaced to field
sensors and actuators, effectively piloting them, in a central-
ized approach. Alternative and more adequate distributed
hardware/software architectures could be employed, such as
in the aforementioned approaches; nevertheless the CA and
its transition rule represent a formal and executable specifi-
cation of the behaviour of system components.

The following section will introduce the specific sce-
nario in which this research effort is set, describing the re-
quirements for the adaptive illumination system and the en-
vironment adaptation model. Section 3 introduces the mod-
eling approach, setting it in the relevant literature, while
section 4 describes the developed model in details. A de-
scription of the developed environment supporting design-
ers will follow, then conclusions and future works will end
the paper.

2. Scenario

The Acconci Studio was founded in 1988 to help re-
alize public-space projects through experimental architec-
ture and public art afforts. The method of Acconci Stu-
dio is on the one hand to make a new space by turning
an old one inside-out and upside-down; and on the other
hand to insert within a site a capsule that grows out of itself
and spreads into a landscape. They treat architecture as an
occasion for activity; they make spaces fluid, changeable,
portable. They have recently completed a person-made is-
land in Graz, a plaza in Memphis, a gallery in NY, a cloth-
ing store in Tokyo; they are currently working on a building
facade in Milan, a park on a street median in Vienna, and a
skate park in San Juan'.

The Studio has recently been involved in a project for
the renovation of a tunnel in the Virginia Avenue Garage
in Indianapolis. The tunnel is currently mostly devoted to
cars, with relatively limited space on the sidewalks and its
illumination is strictly functional. The planned renovation
for the tunnel comprises a set of interventions along the di-
rection defined by the following narrative description of the
project:

The passage through the building should be a vol-
ume of color, a solid of color. Its a world of its
own, a world in itself, separate from the streets
outside at either end. Walking, cycling, through
the building should be like walking through a
solid, it should be like being fixed in color.

The color might change during the day, accord-
ing to the time of day: pink in the morning, for
example, becomes purple at noon becomes blue,
or blue-green, at night. This world-in-itself keeps
its own time, shows its own time in its own way.

The color is there to make a heaviness, a thick-
ness, only so that the thickness can be broken.
The thickness is pierced through with something,
theres a sparkle, its you that sparkles, walking or
cycling though the passage, this tunnel of color.
Well no, not really, its not you: but its you that
sets off the sparkle a sparkle here, sparkle there,
then another sparkle in-between one sparkle af-
fects the other, pulls the other, like a magnet
a point of sparkle is stretched out into a line
of sparkles is stretched out into a network of
sparkles.

These sparkles are above you, below you, they
spread out in front of you, they light your way
through the tunnel. The sparkles multiply: its you
who sets them off, only you, but — when another

'http://www.acconci.com



Figure 1. A visual elaboration of the desired
adaptive illumination facility (the image ap-
pears courtesy of the Acconci Studio).

person comes toward you in the opposite direc-
tion, when another person passes you, when a car
passes by some of these sparkles, some of these
fire-flies, have found a new attractor, they go off
in a different direction.

The above narrative description of the desired adaptive
environment comprises two main effects of illumination,
also depicted in a graphical elaboration of the desired vi-
sual effect shown in Figure 1:

e an overall effect of uniformly coloring the environment
through a background, ambient light that can change
through time, but slowly with respect to the move-
ments and immediate perceptions of people passing in
the tunnel;

e alocal effect of illumination reacting to the presence of
pedestrians, bicycles, cars and other physical entities.

The first type of effect can be achieved in a relatively
simple and centralized way, requiring in fact a uniform type
of illumination that has a slow dynamic. The second point
requires instead a different view on the illumination facil-
ity. In particular, it must be able to perceive the presence of
pedestrians and other physical entities passing in it, in other
words it must be endowed with sensors. Moreover, it must
be able to exhibit local changes as a reaction to the outputs
of the aforemetioned sensors, providing thus for a non uni-
form component to the overall illumination. The overall en-
vironment must be thus split into parts, proper subsystems.

However, these subsystems cannot operate in isolation,
since one of the requirements is to achieve patterns of illu-
mination that are local and small, when compared to the size

of the tunnel, but that can have a larger extent than the space
occupied by a single physical entity (“sparkles are above
you, below you, they spread out in front of you, they light
your way through the tunnel”). The subsystems must thus
be able to interact, to influence one another to achieve more
complex illumination effects than just providing a spotlight
on the occupied positions.

In the following part of the paper we will focus on this
more dynamic and reactive part of the overall illumination
facility. The need to consider a physical environment as an
assembly of local subsystems arranged in a network, each
able to decide on its own state according to a local stimulus
and according to the influences of neighbouring subsystems
led us to consider Cellular Automata as a suitable model to
capture and reproduce the above described specification for
the illumination facility.

= e
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Figure 2. An example of a nested graph of
level 2.

3. Related Works

Cellular Automata (CA), introduced by John von Neu-
mann as an environment for studying self-replicating sys-
tems [18], have been primary investigated as theoretical
concept and as a method for simulation and modeling [19].
They have also been used as computational framework for
specific kind of applications (e.g. image processing [16],
robot path planning [7]) and they have also inspired sev-
eral parallel computer architectures, such as the Connection
Machine [13] and the Cellular Automata Machine [15].

Automata Networks [11] are a generalization of the clas-
sic CA, based on the introduction of the network abstraction
between automata nodes. Multilayered Automata Network
have been defined in [5] as a generalization of Automata
Networks. The main features of the Multilayered Automata
Network are the explicit introduction of a hierarchical struc-
ture based on nested graphs. Such graphs are composed of
vertices and edges where each vertex can be in turn be a
nested graph of lower level. An example of a nested graph
is shown in Figure 2. A Multilayered Automata Network is
directly obtained from the nested graph structure by intro-
ducing states and a transition function.



CA Grid

Figure 3. A schema of a Dissipative Cellu-
lar Automata in which the cells state is influ-
enced by the environment.

Dissipative Cellular Automata (DCA), defined in [20],
are also an extension of CA. DCA differ from the basic
model mainly for two characteristics: while CA are syn-
chronous and closed systems, DCA are open and asyn-
chronous. The two approaches to the management of the
elaboration of the next states of cells are visually compared
in Figure 4. In particular, in DCA the cells are characyer-
ized by a thread of control of their own, autonomously man-
aging the elaboration of the local cell state transition rule.
DCA can thus be considered as an open agent system [14],
in wich the cells update their state independently of each
other and they are directly influenced by the environment.

In order to take advantages of both the Multilayered Au-
tomata Network and the Dissipative Cellular Automata, we
introduced a new class of automata called Dissipative Mul-
tilayered Automata Network (D-MAN). An informal def-
inition this model describes D-MAN as Multilayered Au-
tomata Network in which the cells update their state in an
asynchronous way and they are open to influences by the
external environment.

This extension is useful because we want to use the D-
MAN as a computational environment to specify and simu-
late the behaviour of a distributed control system. The sys-
tems will be composed of several subsystems that are in-
fluenced by the environment in which they are situated and
that are able to update their state asynchronously. Moreover
each subsystem is able to communicate with its neighbours.

4. The Proposed Approach

We propose the adoption of a Dissipative Multilayered
Automata Network (D-MAN) distributed control system in
order to achieve the complex challenged previously pre-
sented. The proposed distributed control system is com-
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Figure 4. A UML Sequence Diagram compar-
ing the interaction in synchronous and asyn-
chronous CA.

posed of a set of controllers distributed throughout the sys-
tem. Each controller has the responsibility of a part of the
whole system and to collaborate with a subset of the other
controllers (identified according to the architecture of the
CA model) in order to achieve the desired overall system
behavior. In the proposed architecture, every node is a cell
of a D-MAN that can communicate only with its neigh-
bours, it processes signals from sensors and it controls a
predefined set of lights associated to it. The approach is
fully distributed: there is no centralized control and no hier-
archy between the controller, not only from a logical point
of view but also a physical one. In the following sections,
each of the components of the proposed approach will be
described in details.

4.1. System Architecture

The designed system is an homogeneous peer system.
As shown in Figure 5, every controller has the responsi-
bility of managing the sensors and actuators belonging to
a fixed area of the space. Controllers are homogeneous in
terms of hardware and software capabilities. Every con-
troller is connected to a motion sensor, which roughly cov-
ers the controlled area, some lights (about 40 LED lights)
and neighbouring controllers.

As shown in Figure 6, the external layer (level 2) is the
communication layer between the controllers of the system.
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Figure 5. The proposed architecture for the
distributed control system to be managed
through a D-MAN approach.

Every controller is an automata network of two nodes, one
node is a sensor communication layer and represents a space
in which every sensor connected to the microcontroller has
a correspondent cell. The other node represents the actua-
tors’ layer in which the cells pilot the actuators (lights, in
our case). Since the external layer is a physical one and
every cell is an independent microcontroller, it cannot be
assumed that the entrire network is synchronized. In same
cases, a synchronous network can be constructed (for exam-
ple, a single clock devices can be connected to each micro-
controllers or the microcontrollers can be synchronized by
a process without a master node), but the most general case
is an asynchronous network.

4.2. Sensors Layer

The Sensor Layer is a Level 0 Dissipative Automata. As
previously introduced, it is composed of a single cell, since
only one sensor is connected to each microcontroller. It is
a Dissipative Automata because the internal state of the cell
is influenced by the external environment. The state of the
cell is represented by a single numerical value vs € Ngp;y,
where

Ngpir C No,VI :x € Ngpiy = . < 28

The limit value was chosen for performance reasons be-
cause 8-bit microcontrollers are widely diffused and they
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Sensors Layer
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® Actuators Layer

Level 1
Intra-controller
communication

Inter-controller
communication

Figure 6. The proposed automata network for
the D-MAN.

can be sufficiently powerful to manage this kind of situa-
tion. The value of vy is computed as

vs(t+ 1) =wvs(t) - m+st+1)-(1—m)

where m € R,0 < m < 1 is the memory coefficient
that indicates the degree of correlation between the previ-
ous value of vs and the new value, s(t) € Ngp;; is the read-
ing of the sensor at the time s(). If the sensor is capable of
distance measuring, s(¢) is inverse proportional to the mea-
sured distance (so, if the distance is O, the value is 255, if
the distance is oo the value is 0). If the sensor is a motion
detector sensor (it able to signal 1 if an object is present or
0 otherwise) s(t), s(t) is equal to O if there is not detected
motion, ¢ in case of motion, where ¢ € Ngy;; is a constant
(in our tests, 128 and 192 are good values for c¢).

4.3. Diffusion Rule

In this section we describe the diffusion rule, that is used
to propagate the sensors signals through the system. At a
given time, every level 2 cell is characterized by an intensity
of the signal, v € Ngp;;. Informally, the value of v at time
t + 1 depends of the value of v at time ¢ and on the value
of vs(t + 1), to capture both the aspects of interaction with
neighbouring cells and the memory of the previous external
stimulus caused by the presence of a physical entity in the
area associated to the cell.

The intensity of the signal decreases over time, in a pro-
cess we call evaporation. In particular, let us define €., (v)
as the function that computes the quantity of signal to decre-
ment from the signal and is defined as

€cop(V) =V -e1+ €

where ey € R™ is a constant evaporation quantity and e; €
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Figure 7. An example of the dynamic be-
haviour of a diffusion operation. The sig-
nal intensity is spread throughout the lattice,
leading to a uniform value; the total signal
intensity remains stable through time, since
evaporation was not considered.

R,0 < e; < 1 is the evaporation rate (e.g. a value of 0.1
means a 10% evaporation rate).

The evaporation function evp(v), computing the inten-
sity of signal v from time ¢ to ¢ 4 1, is thus defined as

0 if €cpp(v) > v
U — €eyp(v)  otherwise

—

The evaporation function is used in combination with the
neighbours’ signal intensities to compute the new intensity
of a given cell. We first present the formula for a regu-
lar neighbourhood and than we generalize to the irregular
structure.

4.3.1 Regular neighbourhood

The automaton is contained in the finite two-dimensional
square grid N?. We suppose that the cell C; ; is located on
the grid at the position i, j, where ¢ € N and 7 € N. Ac-
cording to the von Neumann neighbourood [12], a cell C; ;
(unless it is placed on the border of the lattice) has 4 neigh-
bours (as shown in figure 8), denoted by C;_1 ;, C; jt1,
Ciy1,5, Cij—1.

Vi
Ciijn

Citi) Ciii Ciist) Va Ve

Ciij+1)
¥ Vs
Y

Figure 8. On the left, the von Neumann neigh-
bourhood of the cell C; ;, on the right, the
internal structure of a cell of the regular au-
tomaton.

For simplicity, we numbered the neighbours of a cell
from 1 to 4, so for the cell C; ;, Ny is C;—1 5, N2 is C j41,
N3 is CH—Lj’ and N4 is Oi,j—l

At a given time, every cell is characterize by an intensity
of the sensor signal. Each cell is divided into four parts (as
shown in Figure 8), each part can have a different signal in-
tensity, and the overall intensity of the signal of the cell is
the sum of the parts intensity values. The state of each cell
C;.; of the automaton is defined by C; ; = (v1,v2,v3,v4)
where vy, v9,v3,v4 € Ngy;¢ represent the intensity of the
signal of the 4 subparts. V; ;(t) represents the total intensity
of the signals (i.e. the sum of the subparts signal intensity)
of the cell 7,7 at time ¢. The total intensity of the neigh-
bours are denoted by Vi1, Ve, Vivs, and Viv4. The signal
intensity of the subparts and the total intensity are computed
with the following formulas:

evp(V (t))-g+evp(V,(t))-(1—q)
Vit +1) =14 copviey
3

it AN;
otherwise

V(E+1) =) vi(t+1)

i=1

where ¢ € R, 0 < ¢ < 1 1is the conservation coefficient (i.e.
if q is equals to 0, the new state of a cell is not influenced
by the neighbours values, if it is equals to 0.5 the new val-
ues is a mean among the previous value of the cell an the
neighbours value, if it is equals to 1, the new value does not
depend on the previous value of the cell but only from the
neighbours). The effect of this modeling choice is that the
parts of cells along the border of the lattice are only influ-
enced through time by the contributions of other parts (that
are adjacent to inner cells of the lattice) to the overall cell
intensity.



4.3.2 Irregular neighbourhood

The irregular structure automata is a generalization of the
regular one. The automaton is composed of cell numbered
from 1 to N, so we use C; for 0 < ¢ < N to indicate
the i-th cell. Every cell C; can have an arbitrary number
of neighbours L;,0 < L; < L < N — 1 where L; is the
numbers of neighbours of the cell C; and L = max(L;)
is the maximum numbers of neighbours of every cell the
system. Neighbouring cells of cell 7 can be denoted as IV, ;.

As for the regular neighbourhood case, each cell is di-
vided into L parts, each part can have a different signal in-
tensity, and the overall intensity of the signal of the cell is
the sum of the parts intensity values. The state of each cell
C; of the automaton is defined as V; = Zf;o v;,; Where
v;1 € Ngy;y represent the intensity of the signal of the L
subparts. Finally, the intensity of each neighbouring cell of
C; is denoted by V; ;.

The signal intensity of the subparts and the total intensity
can thus be computed according to the following formulas:

eop(Vs(t))-q-+evp(Viu (1)-(1—q)
via(t+1) = cop(vi()

L;

it AN,
otherwise

L;
Vit+1) = vt +1)
=1

In the real system, the maximum number of neighbours
(L) is constrained by the number of available inputs on the
microcontrollers.

4.4. Actuators Layer

The cells of the actuator layer determinate the actuators
actions. In this project the actuators are LED lamps that are
turned on and of according the the state of the cell. Instead
of controlling a single LED from a cell, every cell is related
to a group of LEDs disposed in the same (small) area.

In the case of regular neighbourhood, each controlled
area in divided into 9 sub-areas and each sub-area contains
a group of LEDs controlled by the same actuators layer cell.
The state of each cell is influenced only by the state of the
signal intensity of the upper layer cell. The correlation be-
tween the upper layer cell subparts and the actuators layer
cells is shown in Figure 9.

The state of the actuators cells A;..Ag, A; € Nagp is
computed with the following formula:

VaiVi VisVe
Vi A1 Vi
2 2
4
ZVn
Va V2 A4 Az Va I V2
4
V3+Va Voi+Vs
va A3 2 Vs 2

Figure 9. Correlation between the upper layer
cell subparts and the actuators layer cells.

vi(t+1) 1<i<4
’U4(t—|-1)+’l)1(t+1) i —
5 =
vi(t+1) +ua(t+1) i—6
2
vg(t+1) +og(t+1) s
5 =
1 4
j=1

There are differents approache to associtates the LEDs
to the cells. A first approach consists to directly connected
the lights intensity to the signal levels of the correspondent
cell. Another approach consists to turn on a numbers of
LEDs proportionals to the signal intensity of the controller
cell.

5. The Design Environment

The design of human environments (e.g. buildings,
stores, squares, roads) is a complex task, composed of sev-
eral sub-task evolving the initial idea into a detailed project,
through the production of intermediate and increasingly de-
tailed models.

After the initial phases, in which the designer usually ex-
presses his/her creativity with sketches on the paper or on
the computer, a Computer-Aided Design (CAD) software is
used to develop the project in details. CAD softwares (e.g
AutoCAD), and also 3D modelling applications (e.g. Au-
todesk 3DStudio Max, Blender) are used to create the dig-
ital models for the projects and to generate photo realistic
renderings and animations. For a compact overview of the
typical design process see [10].

Together with these software applications supporting de-
signers in the definition of general architectural spaces,
other tools supporting designers in very specific tasks can
also be adopted: these tools vary from presenting the elab-
oration of the building shadows, to elaborating their impact
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Figure 10. A schema describing the modules
of the design support system prototype.

on wind conditions, up to the simulation of vehicles and
pedestrian movements in the designed scenario.

The proposed design environment is one of these tools;
in particular, it helps the designers in the definition and
specification of an adaptive illumination facility through the
simulation of its dynamic behaviour. The output of the sys-
tem is not only a graphical simulation but also a static con-
figuration of the illumination facility (number of lights and
their positioning) and an unambiguous specification of their
dynamic behaviour (general lights self-organization model
plus specific parameters).

The design environment is composed of two main mod-
ules, also shown in Figure 10: a simulation environment
(that is in turn decomposed into a pedestrian simulation
module and an adaptive illumination module) and a visual-
ization facility. In the following paragraphs these modules
will be described.

5.1. The Simulation Environment

The simulation environment actually comprises two
models, one managing the network of controllers (with sen-
sors and actuators), the other simulating the environment
in which the adaptive illumination facility is situated and
the pedestrians situated in it. The two simulations are con-
nected: in particular, the state of sensors of is influenced by
the state of the environment simulation.

The environment simulator, that is based on the MMASS
[4], can be used to perform pedestrian simulation. This
module actually feeds the self-organization model with sim-
ulated field data. The previously described CA model man-
aging the self-organization of the illumination facility will
react according to the current occupation of the space in the
environment and according to its own parameters.

In this way, the designer can effectively envision the in-
teraction between the people an the specified adaptive envi-
ronment. The simulation environment allows the designer
in configuring the network, defining the type, number, po-

sition of the sensors and actuators, and in specifying the
behavior of the controllers, by means of defining the pa-
rameters of the CA model.

5.2. The Visualization Facility

The system supports both a 2D and 3D visualization of
the simulated environment and the state of the two different
enclosed models. The 2D visualization can be interactive,
so it is possible to define an action event to be fired on a
click (e.g. simulate the perception of a pedestrian when the
designer clicks on a cell). This is useful because allows the
designer to test the system behavior before specifying in an
extensive way a pedestrian simulation scenario.

The 3D visualization is useful to understand the behav-
ior of the system. It is not a photo realistic rendering but
a real-time representation of simulated system. During the
simulation, the user can navigate the 3D space, changing
his/her point of view, for instance, taking the perspective
of one of the pedestrians walking in the environment. It is
possible to load 3D models both for the space and for pedes-
trian agents. The 3D visualization is based on the jMonkey
engine?; the API of this open source project allows loading
several 3D model formats. A screenshot of the visualization
system is shown in Figure 11.

6. Future development

The paper introduced an ambient intelligence scenario
aimed at improving the everyday experience of pedestrians
and people passing through the related environment. A spe-
cific scenario related to the definition and development of
an adaptive illumination facility was introduced, and a CA-
based model supporting the specified behaviour for the il-
lumination facility was defined. A prototype of a system
supporting designers in the definition of the relevant param-
eters for this model and for the overall illumination facility
was also introduced.

The renovation project is currently under development
on the architectural and engineering side, whereas the CA-
based model has shown its adequacy to the problem spec-
ification, both in order to provide a formal specification of
the behaviour for the system components. The realized pro-
totype explored the possibility of realizing an ad hoc tool
that can integrate the traditional CAD systems for support-
ing designers in simulating and envisioning the dynamic
behaviour of complex, self-organizing installations. It has
been used to understand the adequacy of the modeling ap-
proach in reproducing the desired self-organized adaptive
behaviour of the environment to the presence of pedestrians.
We are currently improving the prototype, on one hand, to

Zhttp://www.jmonkeyengine.com/
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Figure 11. Screenshot of the simulation environment: on the left, the top panel shows the position
of pedestrians in the environment, while the bottom one shows the intensity of cells. The right panel
shows a 3D visualization of the environment, including columns, lights and pedestrians.

provide a better support for the Indianapolis project and, on
the other, to realize a more general framework for support-
ing designers of dynamic self-organizing environments.

The modeling approach, finally, can also be adopted
as a mechanism specifying and simulating the interaction
of physically distributed autonomous components, for in-
stance in monitoring and control applications.
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