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FOREWORD

Welcome to the 3rd International Conference on Informatics in Control, Automation and Robotics
(ICINCO 2000). This conference series has consolidated as a major forum to debate technical and
scientific advances presented by researchers and developers both from academia and industry,

working in areas related to Control, Automation and Robotics.

In this year conference program we have included oral presentations (full papers and short papers)
as well as posters, organized in three simultaneous tracks: “Intelligent Control Systems and
Optimization”, “Robotics and Automation” and “Systems Modeling, Signal Processing and
Control”. Furthermore, ICINCO 2006 includes 3 satellite workshops, 7 plenary keynote lectures

and 1 tutorial, given by internationally recognized researchers.

The three satellite workshops that are held in conjunction with ICINCO 2006 are: Multi-Agent
Robotic Systems (MARS 2006), Biosignal Processing and Classification (BPC 2006) and Artificial
Neural Networks and Intelligent Information Processing (ANNIIP 20006).

ICINCO has received 309 paper submissions, not including workshops, from more than 50
countries, in all continents. To evaluate each submission, a double blind paper review was
performed by the program committee, whose members are researchers in one of ICINCO main
topic areas. Finally, only 157 papers were published in the proceedings and presented at the
conference; of these, 113 papers were selected for oral presentation (31 full papers and 82 short
papers) and 44 papers were selected for poster presentation. The global acceptance ratio was 51%
and the full paper acceptance ratio was 10%. After the conference, some authors will be invited to
publish extended versions of their papers in a journal and a short list of about thirty papers will be
included in a book that will be published by Springer with the best papers of ICINCO 2006.

In order to promote the development of research and professional networks the conference
includes in its social program a Workshops Social Event & Banquet in the evening of August 1
(Tuesday), and a Conference Social Event & Banquet in the evening of August 4 (Friday).

We would like to express our thanks to all participants. First of all to the authors, whose quality
work is the essence of this conference. Next, to all the members of the program committee and
reviewers, who helped us with their expertise and valuable time. We would also like to deeply thank
the invited speakers for their excellent contribution in sharing their knowledge and vision. Finally, a
word of appreciation for the hard work of the secretariat; organizing a conference of this level is a

task that can only be achieved by the collaborative effort of a dedicated and highly capable team.

Commitment to high quality standards is a major aspect of ICINCO that we will strive to maintain
and reinforce next year, including the quality of the keynote lectures, of the workshops, of the
papers, of the organization and other aspects of the conference. We look forward to seeing more
results of R&D work on Informatics in Control, Automation and Robotics at ICINCO 2007, next
May, at the University of Angers, France.
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A MULTI-AGENT COLLABORATIVE CONTROL ARCHITECTURE
WITH FUZZY ADJUSTMENT FOR A MOBILE ROBOT
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Institute of Informatics and Applications
University of Girona - Spain
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One of the current challenges of control research is to make systems capable of showing intelligent responses

to changing circumstances. To address this task, more complex systems are being developed. However, it
is technologically difficult and potentially dangerous to build complex systems that are controlled in a com-
pletely centralized way. One approach to building decentralization systems is using multi-agent technology for
building control architectures. But it seems risky to recursively extend using multi-agent systems to develop
part of the system, such as a single behaviour.One alternative approach is to use collaborative control to deploy
specific (low level) behaviours, so that several controllers are combined in a single agent of the multi-agent
architecture in order to achieve the wanted behaviour. This paper presents a collaborative controller applied to
the goto behaviour. The experiments were carried out using a Pioneer mobile robot.

1 INTRODUCTION

One of the current challenges of control is to make
systems capable of showing highly flexible and intel-
ligent responses to changing circumstances. Avrtificial
Intelligence provides learning and adaptation meth-
ods, as well as decision making techniques to achieve
these control properties. However, it is technologi-
cally difficult and potentially dangerous to build com-
plex systems that are controlled in a completely cen-
tralized way (Murray et al., 2003).

In this line, (Rosenblatt, 1997) built an architecture
composed of distributed, independent, asynchronous
decision-making behaviours that were coordinated by
a central arbiter. The overall behaviour of the system
is rational, coherent and goal-oriented while preserv-
ing real-time responsiveness to its immediate physical
environment. In (Bryson, 2001) several architectures
are analyzed. The advantages of this architecture are
the following: they facilitate their development and
lead to the evolutionary creation of robust systems
of incrementally greater capabilities. In these archi-
tectures, each behaviour is implemented by a module
with communication abilities.

Recent advances in Multi-Agent Systems (MAS)
have inspired researchers to go one abstract level fur-
ther in implementing the architectures, in which mo-

dules are replaced by agents.

Nevertheless, behaviours considered in these archi-
tectures are not simple. For example, a goto behavi-
our, in a free-obstacle path, should take into account
if the target point is close or far away from the current
robot position.

In order to tackle the design of each behaviours,
two approaches can be followed. On one hand, each
behaviour can be implemented as a MAS again, as-
suming the risk that the robot could not be reactive
enough to avoid obstacles when it moves too fast or
the obstacles are mobile. And on the other hand, it is
possible to take advantage of collaborative control to
make up a single behaviour, combining several con-
trollers in a single agent.

Integrating both research lines (the multi-agent ap-
proach and collaborative control) we get as a result a
MAS architecture with collaborative controllers. Col-
laborative control is applied to design and develop
a single behaviour, while the overall robot architec-
ture is based on a MAS where each agent represents
each behaviour. In this paper we give a detailed ex-
planation of how the collaborative control approach
based on Fuzzy Logic (Klir and Folger, 1992) is im-
plemented in a single agent. Details on the MAS ap-
proach can be found in (Innocenti et al., 2006).

This paper is organized as follows. In Section 2,
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the related work is presented. Then, in Section 3 the
MAS architecture is described while the collaborative
control proposal is given in Section 4. In Section 5
the results are shown. Finally, some conclusions and
future work are drawn in Section 6.

2 RELATED WORK

As stated above, our approach concerns MAS and col-
laborative control. Collaborative control has a general
meaning, so, each time an algorithm to control a com-
plex task is defined, the idea of collaboration in con-
trol is introduced. Thus, any development of complex
systems with MAS can be considered as a collabora-
tive approach.

On one hand, there are several architectures built as
multi-agent systems to control a single robot, as for
example (Neves and Oliveira, 1997), (Busquets et al.,
2003), (Giorgini et al., 2002) or (Ros et al., 2005).
Most of them present a centralized behaviour coordi-
nation and each behaviour has only one controller to
set the desired outputs.

On the other hand, there are some works related to
collaborative control in robots ((Goldberg and Chen,
2001), (Figueras et al., 2002), (Gerkey et al., 2002)).
In the latter, collaborative control is obtained by re-
lying on the physical dynamics of the robot’s actua-
tor. Due to their nature, motors temporally average
their inputs, so Gerkey and colleagues propose that
a population of hon-communicating controllers drive
the robot by interleaving commands to them. The re-
sultant robot motion is then achieved as a superposi-
tion of the different control signals.

In accordance with (Saffiotti, 1997), our hypothesis
is that, instead of superposing measures, higher deci-
sion making procedures can be used to coordinate the
different controllers. Particularly, we propose using
Fuzzy Logic to model the control actions provided
by heterogeneous controllers and to decide, accord-
ing to the robot motion dynamics, which combination
of control actions have to be executed at a given time.

In addition, the output of the collaborative con-
troller is the output of a single behaviour, instead of
being directly connected to the robot actuators. The
output of the single behaviour (agent) is coordinated
in a multi-agent architecture to decide the next robot
action.

3 MASARCHITECTURE

In our MAS architecture, agents can be grouped
into perception, behavioural, actuator and deliberative
agents. Perception agents obtain information about
the environment and about the internal conditions of
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the robot; behavioural agents carry out specific ac-
tions, such as avoiding obstacles; deliberative agents
implement high-level tasks such as planning; and ac-
tuator agents are in charge of controlling the linear
and angular speed of the robot interacting directly
with motors.

The goto agent is a behavioural agent which is re-
sponsible for driving the robot to the target position
at different speeds. Other behavioural agents, are the
avoid agent, responsible for avoiding obstacles and
the goThrough agent, that is in charge of driving the
robot through narrow places like doors. All the agents
coordinate their behaviours by means of a distributed
protocol in order to assure that no conflicting actions
are sent to the robot motors (see (Innocenti et al.,
2006) for a detailed explanation).

4 COLLABORATIVE CONTROL

In this section we present our collaborative control
method based on combining multiple controllers us-
ing Fuzzy Logic to implement the behaviour of the
goto agent.

Instead of developing only one quite elaborated
controller, we design several controllers to cope with
different control aspects separately and join their ac-
tions in order to obtain the complex behaviour of the
goto agent.

Our starting point is the aggregation function pro-
posed in (Gerkey et al., 2002), that we extend by
adding weights corresponding to the relevance of each
controller according to the current context. Therefore,
the desired speed calculation is defined as:

0 LW 1)
Dot Wi

where 7, is the requested wheel speed over time,
the final wheel speed, n the number of controllers and
wy the weights that satisfy >, w; = 1. By using
weights, it is possible, to give more or less importance
to the controllers.

In order to determine the weights, we propose to
introduce knowledge about the environment, such as
whether the robot is near the destination point or not.
Depending on this information, we can combine two
position controllers: one that is fast and the other that
is accurate. When the robot is far away from the des-
tination point, we can stress the fast controller; when
the robot gets closer to its destination, we can give
more importance to the commands provided by the
accurate one.

Fuzzy terms such as far or close can be modelled
by fuzzy sets, in terms of the distance left (d) to
the destination point. d is defined as d = (dmaz —
drec)/dmaz Where d,,q.. is the distance between the
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initial and final coordinates, and d,.., the distance
from the initial to the current coordinates. Thus, the
fuzzy set close is defined as:

1 d < min

(—d+mazx)
(maxz—min)

te(d) = min < d < max (2)

0 d > max

where min and max parameters have been tuned em-
pirically.

According to this definition and depending on the
robot’s movement, the distance to the destination
point can be nonlinear along time, making the fuzzy
set also nonlinear.

On the other hand, the fuzzy set far is defined as:

pp(d) =1 = pe(d); ®)

Based on the above fuzzy set definition, we can re-
solve the fuzzy concurrent control adjustment as:

Wfast = W (d)
wilow = Mjcc(d) (4)

where wyqs¢ corresponds to the weight of the faster
controller and wy;,,, t0 the accurate one.

Note that the way we use the fuzzy values deter-
mines, according to equation 1, the relevance of the
commands of the different controllers. According to
equation 4, both controllers collaborate in an inter-
mediate situation, that is, in the sloping part of the
fuzzy sets. Therefore, there is no abrupt change in the
control, but progressively one controller has less in-
fluence in the final decision while the other one takes
control (fuzzy adjustment).

5 RESULTS

We have implemented the MAS architecture in C++
adhoc MAS platform due to communication con-
straints. The experiment shown in this paper focus on
the implementation of goto agent as a collaborative
controller, so we assure that they were performed in
obstacle-free paths meaning that the goto agent does
not need to coordinate its desired actions with the rest
of the behavioural agents in the MAS architecture.
All the experiments were carried out with our own
model (Innocenti et al., 2004) of the commercial robot
Pioneer 2DX of ActivMedia Robotics.

In order to design the goto agent, we choose to im-
plement two different controllers and mix both con-
trol vectors by means of fuzzy weights. One position
controller is very fast but does not arrive exactly to
the set-point while the other is accurate and reaches

ROBOT

the desired input. The output of the controllers are
the desired linear and angular speeds. The best accu-
rate controller achieved has a settling time of at least
twice the time taken by the fast controller.

The control loop of the proposed concurrent con-
trol is shown in Fig. 1. The fuzzy concurrent control
adjustment block is in charge of mixing the desired
speeds of the controllers in order to change progres-
sively from one controller to the other.

d,
Kyt LR -
) 1
Cartesian —fy—. p Fast | Ty
Y To Polar Pasition > g
[ ®Contrelies| 7, Um
6__, .l e > | M
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Figure 1: Block diagram of collaborative control loop.

Fig. 2 shows the response of the whole system using
the collaborative control (1)) for the initial position
and heading of (zo, yo,60) = (0,0,0) and the desired
set-point of (x¢,ys,0f) = (—1,5,0).
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Figure 2: Response of the fuzzy concurrent control.

One interesting feature of this concurrent controller
is that it works better than the controllers separately,
especially for the unreachable states produced by the
non-linear nature of the robot model. This behaviour
can be seen in Fig. 3, where the graphics represents
the response for the accurate controller, the fast one,
and the collaborative approach respectively.
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Figure 3: Comparison of the response of the controllers; a)
the slow controller, b) the fast controller and ¢) the concur-
rent control.

6 CONCLUSIONS

In this paper we present a robot collaborative control
architecture based on integrating recent advances in
multi-agent systems and collaborative control. In par-
ticular, we focus on the design of a single agent, the
goto agent, based on a fuzzy adjustment of two po-
sition controllers. This approach tries to introduce
higher knowledge into the decision making process
of the control system. We propose modelling the rel-
evance of the controllers as a fuzzy set, considering
the distance travelled by the robot.

To test our method, we have designed the goto
agent of the MAS architecture with the proposed
collaborative controller. We have performed several
experiments to evaluate the responsiveness and effi-
ciency of our architecture. With the fuzzy collabora-
tive control, in which both controllers are combined,
the response of the controlled system for several set-
points is faster than the response of the accurate con-
troller and more accurate than the response produced
by the faster controller. Furthermore, it works for
some of the unreachable set-points of the previous ex-
periments (isolated controllers).

As further work, we are planning to extend our ap-
proach to n controllers. In addition, we are also ex-
ploring the extension of the collaborative control to
other agents, such as the goThrough agent, which
is responsible for driving the robot through narrow
spaces, such as corridors or doors.

ACKNOWLEDGEMENTS

This work has been partially supported by the Spanish
MEC Project TIN2004-06354-C02-02 and DURSI-
AGAUR 00296SGR.

526

REFERENCES

Bryson, J. (2001). Intelligence by Design: Principles of
Modularity and Coordination for Engineering Com-
plex Adaptive Agents. PhD thesis, Massachusetts In-
stitute of Technology.

Busquets, D., Sierra, C., and Lopez de Mantaras, R. (2003).
A multiagent approach to qualitative landmark-based
navigation. Autonomous Robots, 15:129 — 154.

Figueras, A., Colomer, J., and De la Rosa, J. (2002). Super-
vision of heterogeneous controllers for a mobile robot.
In The XV World Congress IFAC.

Gerkey, B., Mataric, M., and Sukhatme, G. (2002). Ex-
ploiting pphysical dynamics for concurrent control of
a mobile robot. Proceedings ICRA ’02. IEEE In-
ternational Conference on Robotics and Automation,
4:3467 — 3472.

Giorgini, P, Kolp, M., and Mylopoulos, J. (2002).
Socio-intentional architectures for multi-agent sys-
tems: The mobile robot control case. Proceedings
of the Fourth International Bi-Conference Workshop
on Agent-Oriented Information Systems (AOIS-02) at
CAiSE2002, Toronto, Canada.

Goldberg, K. and Chen, B. (2001). Collaborative control of
robot motion: robustness to error. In Proceedings of
the 2001 IEEE/RSJ International Conference on Intel-
ligent Robots and Systems, pages 655—660.

Innocenti, B., Lopez, B., and Salvi, J. (2006). How MAS
support distributed robot control. International Sym-
posium of Robotics (ISR).

Innocenti, B., Ridao, P., Gascons, N., El-Fakdi, A., Lopez,
B., and Salvi, J. (2004). Dynamical model param-
eters identification of a wheleed mobile robot. 5th
IFAC/EURON Symposium on Intelligent Autonomous
Vehicles (preprints).

Klir, G. J. and Folger, T. A. (1992). Fuzzy Sets, Uncertainty,
and Information. Prentice Hall.

Murray, R., Astrbm, K., Boyd, S., Brockett, R., and
Stein, G. (2003). Future directions in control in an
information-rich world. IEEE Control Systems Maga-
zine, 23, issue 2:20 — 33.

Neves, M. C. and Oliveira, E. (1997). A multi-agent ap-
proach for a mobile robot control system. Proceed-
ings of Workshop on ’Multi-Agent Systems:Theory
and Applications” (MASTA’97 - EPPIA’97) - Coim-
bra -Portugal, pages 1 — 14.

Ros, R., de Mantaras, R. L., Sierra, C., and Arcos, J. L.
(2005). A cbr system for autonomous robot naviga-
tion. Frontiers in Artificial Intelligence and Applica-
tions 131, 10S Press, pages 299-306.

Rosenblatt, J. K. (1997). DAMN: A Distributed Architecture
for Mobile Navigation. PhD thesis, Robotics Institute
at Carnegie Mellon University.

Saffiotti, A. (1997). The uses of fuzzy logic in autonomous
robot navigation. Soft Computing, 1(4):180 — 197.



AUTHOR INDEX

ADbabsa, F. ...oc.oooiiiiiieeeee e, 346
ADIChOU, A. ..o 296
Acosta, L. ..o, 474
AdAn, A. ..o 112, 508
AIder, O. oo 139
Aldbarral, Jo....ooooiiiiiiiiiie s 552
AIDUS, J. oo 154
AL S, oo 561
Altaf, Moo 453
AMENt, C.oovvvveeeiiii s 42
Andreu, Do 223
Andrysiak, T. .cccooevieieieeeeeeee e 504
ANGELES, J. i 34
Anthierens, C. .......cccocvvevieeiiiecieeeieecee e 255,426
Anton, F.ooooii e, 557
Anton-Rodriguez, M. .......ccoooiviiniiiieieeeeeen 535
ALjunan, S. ... 340
Armstrong, T...ooooeviiiiiiiiiieeeeee e 148
ASKArT, L e 453
Awawdeh, A. ....ooooeiiii e 202
AZIM, Ao 453
AzZINhEIra, J. .oooooviieiiiiieee e 82
AZOTIN, J.oiiiiiiiiiie e, 482
Baglivo, L. oo 128
Bailador, G........ooooevvviiiiieeeeeeeeeeeeeeeeee 269
Bakari, M. ....ooooiiiiiieeeeeeee e 168
Balch, T 196
Baptista, L.....cccoooieieieieeeeee e 66
Barrientos, A.....oooooveeeiiiiiieee s 310
Barro, S. .o 188
Becerra, V. oo 474
Bemposta, S. ....ooovieiiiiieeeeeee e 384
Berna-Martinez, J........ccoovvvviiiiiiiiiiiiiiiieeieneee. 544
Berns, K. ..o 235
Beynier, A.....cceeieeieieeeee e 182
Birkenhofer, C. .....ccoooovvviiieiieeeeeeeeeeeeee e 217
Bittermann, M..............ccooiiiiiiiieie e 352
Blanc, G....occooeovieeiieeeeecee e 139, 438
Borangiu, T...c.oooveiieieeeeeee e 557
Bostelman, R......cooovvvviiiiiiieeeee s 154
Boto-Giralda, D. .......ooovviiiiiiiiieeie e 535
Boubezoul, A. ....ooovrieiiiii s 360
Bouloubasis, A........cooovevievieeiieeeeeeeeeeeeee e 176
Bradshaw, J......cooovvioiiiiiieeeee e, 318
Bravo, F. ...oooooii e 50
Brezovan, M.........ccoooviiiiiiiiii e, 432
Bruneau, O.........ooooviviiiiiiiiiieee e, 26
BUeno, S....oveeeie e, 241
Bugeja, Moo 404
Burdescu, D. ...ooooveeiiiiiiiieeeeee s 432

Cantalapiedra, F......c.cccooveviiiiiieeeeeeen 384
CaropPo, A. oo 378
Casas, S. ... 461
CaStro, C..ooooveeeeeeeeee e 241
CeCCO, M. ..o 128
Celaya, E. oo 552
Cerrada, C....oooovvvveeiieiiee e 508
Cerr0, J. oo 310
Cervera, E...oooovvvviiiiiiiee e 500
Chablat, D.....ooovveeeeeeeeeeeeeeeeeeee e 516
Chang, T. ...ocovvoieeeece e 154
Chot, Lo 277
Choras, M. ......coouviiieeeeeeeeeeeeeeeee e 504
Ciftcioglt, O. ..oveceeceeeeeeeeeeeeeeeeeean 352
COoNCeICAD, A. .oieveeeeiieeireeiie e 412, 565
Correa, J. oo 188
COTteZ, P oo 457
CoSta, J. oo 66,210
CoSta, Puoeeeee e, 412, 565
Cunha, B. ..o 261
D’0Orazio, T...ooooovveeeieiiieeeee e 378
Diaz-Pernas, F. .....cooooviiioiiiiiiieieeeeeeeeee e 535
DiIdier, J. .oooeoeeeeeeeeeeee e 74
Diez-Higuera, J.....cccccovveviinienieieie e 535
Dillmann, R. ......ccccooviviiiiiiiieeeeee e 217
Dogar, A. e 557
Dony, C. .ot e 223
Dupuis, Y. oo 255,426
Duque, D. oo 457
DUurrani, Y..ooooooooeeeeeeeeeeeeeeeeeeeeeeeeee e 527
Egido, V.o 384
Erdogan, N.......ccoooivviiiiiienieieeeeeeeeie e 196
ESCIig, M. ..ot 229
Espinosa, F. ....cccoooviiieiieceeceee e 202
Fabri, S. oo 404
Faure, A...oooooieee e 561
Feltovich, P..c.ooveeieeiiiieeee e 318
Fernandez, C.......c.oovvvvviiviiiiiiiiieeeeeeeee e 302
Fernandez, J.....cccovvvviiiiiiiiiiiiieeee e 384
Fernandez, M. .......c..ooovvviiiiiiiiiiee e 461
Figueiredo, J. ....ocooieieiieiet e 210
Franti, Ao 486
Fridman, L. ......ccccccoovviiiiiiiiiiciceeeceeee 360, 531
Gan, J.ooeeeeeieeeee e 289
Garcia, G. ....oooeveevreeeee e 97
Garcia-Aracil, N. ...c.oooooiiiiiieeeeeeeeee e 482
Gil Ao 202, 302
Gilart-Iglesias, V. .....ccoovvevireiiieieeee e 544
Goedeme, T. ....ooovviiiiieeeceeeeee e, 3,366
Gomez-Pulido, J. c..oooovviiiieeeeeee 104, 334

577



ICINCO 2006 - ROBOTICS AND AUTOMATION

AUTHOR INDEX (CONT.)
Gonzalez, E.......ooovveieeieee e 474 Marcuzzi, E......ooooovveiiiieiiieeeeeeeeeeeee e 128
GOOL, L. oo 3,366 Martin, R. ..o 310
Gopalan, K. .....ccoooiiiiiee 512 Martinet, P...oooovveniiiieiiiee e 139, 438
Graullera, D. .....ccooveeeiiiiieeieceececeee e, 229 Martinez-Esnaola, A.........cccccoooveveeeecieeeeeeeee 461
GU, Do 390 Martins, J. ..oooveeeeiieeeeeeeee e 66
Gutierrez, P.....ooooviiiiie e, 310 Martiriggiano, T. ....cccooeroinienieeeeneescee e 378
Hanebeck, U......cooouvviiiiiiiiiieeeeeeeee e 148 Marurd, L. .oooooiiiiiiieiee e 461
Hassan, S......oooovvviieiee s 453 Mata, M. ..oooiiiiiiiieeeee e 384
Hentschel, M. .......oooiiiiiiiiiiceeeeeeeeeeee e 445 MCKEE, G. oo 176
HESSEL, O 148 Mende, M. ....oooiiiiiiiiieeeeee e 148
Hong, T oo 154 MENAezZ, J...ceeeeeeeeeeeeeeeeeee e 474
Hiintemann, A............cooooviiiiiiieeeeeeeeeee e 366 MeNE, Y. oottt 289
Tancu, E. ..oooneiiiieeeeee e 548 Merad, D....oovveeeeeieeeeeeeeeeee e 74,326
Iglesias, R....oooovieiieeee e 188 Merchan, P.........ccooooieiiiiieeeeeeee e 112
Tkeda, T.ooeeeeieeeeeeeeeeeeeee e 418 Mergner, T....ccoeeveeeeieeeeee e 42
Impagliazzo, J. ...ccccoooveviiieeieeeeeeee 255, 426 MELZ, S.ooeie et 326
Innocenti, B......oooovvviiiiiiiiieee s 523 MezZouar, Y. ..ooooovveeeeeeieeiieeeeee e 139, 438
TOM, A oo 432 Michalska, H......ocovovvveiiiiiiieeceieeeeee e 34
Jammazi, C......oooovvevieiiiiiiiieee s 296 MIGUEL, S. oot 326
Jeanpierre, L......cccooveiieiieiieieieceeeee e 182 MIillet, D. oo 255
Jeffers, Ru oo 318 MIIINETt, O. e 366
JohnSon, M. ...c...oooviiiiiiiiice e 318 MIISEEIN, A e 120
Jung, Ho oo 318 Mohammed, B. .........cccooeiiiiiiiiie e 10
Khalid, T...ooooeeeieeeeeeeeeeeeee e 10 Morales, R. .....oooiiiiiieeieieeee e 482
Kim, T 277 MOreira, A. .....oooeveeeeeeeeeeeeeeeeeee e 412, 565
Kleinkes, M.....oooovvouiiiiiiiiiieeieieee e 469 Moreno, H. ..oooovueeiiiiiiiiieeeeeee e 516
KrauBling, A. ...ocoooieieeeeeee e 18 MOTENO, S. .o 229
Krejear, O...eeiieieieeeeeeeeeeee e 162 Motamed, C. ......ocovveiieeiieeeceeeeeeeee e 571
Kulich, Ml ....ooiiiiiiiceeeeeeeeeeeeeeee e 372 Mouaddib, A......cooveiiieeeeee e 182
Kumar, D. ..oooooiiiiie e 340 MOUTad, Z. ..oooooiieiieiieeeeeeee e 10
KUumar, S....cooviiieieeeeeeeeeee e 340 MoUutinho, A. ....oooveiiieiiieeeeeeeeeeeeeee e 82
Labakhua, L. .....c.ccoooovviiiiiiiiiieieeeeeceeee e 89 MOZO0S, O. ..o 302
Landaluze, J. ....cccoooveoviiiiiieiieeeeeeee e 461 Munawar, K. ......cccocoovviiiiiiiieeeeee e 453
Leite, Fuorrreieeeeeeeeee e 89 N A e 478
| 7T 0L (RS 378 Nasrallah, D........ooooviiiioiiiiiieeeeeeeeeeeeee e 34
Lherbier, R......oooovviiiiiiieeeee e 571 NEDOL, P 500
Libourel, T. ..cooveiieeeeeeeee e, 223 Neddermeyer, W......occoeviriiiiiienieieeeeeeieene 469
LOpez, B.oooeeeeeee e 523 NICKersOn, J. ....ooueeiieiieeee e 289
Lopez-Sanchez, M. .......ccoccoviiiieiinieeeeeee 283 Niculit, T.oooeoeeeeeeeeeeeeeeee e 486
LUKSCh, T ooveeiiieeeeeee e 235 NUNES, U oo 89
Lupt, C. oo 486 NULN, M. oo 366
MSirdi, N 360, 531 OLAh, Lo oo 540
Machado, F. ......oooovvviiiiiiiieceeceeeeeee e 527 Ouladsine, M. .....cc.ooovviviiiiiieieeeee e 531
Macia-Pérez, F....cooevvveiiiiiieeeeee e 544 PAMANEes, J. .....ooovviiiiiiiiieeee e 516
Madani, K. .......ooooiiiiiiiiicee e 26 Paniagua-Paniagua, B.........c...cccocvevivennnnnnnne. 104, 334
Maidi, M. ..o 346, 453 Parc, P...eeeceieee e 494
Mallem, M. . .cccoooioiiieiieecee e 346 Passama, R.........cccovevieiviiiiiiiceeeeeeee e 223
Marcé, L.....ovveeeieeeeeeeeeeeeeeee e, 494 Pastor, J. ... 202
Marchese, F......oooovneiiiiieee e 398 PErez, C. oo 482
Marcos-Jorequera, D.........cooieeiiiiniiniiiiinieneee 544 Plassart, L. .....oooooiiiiiiiiiiiieieee e 494

578



XXXXX

AUTHOR INDEX (CONT.)

Pomares, J. ....ooooooviiiiiiiii e, 97
PreuCil, Lo..oooviiiiiiiiiceeeeee e 372
Puga, J. o 261
Rabhi, A. ..o 360, 531
Regueiro, C. ...oooveveeieieieninincnceeeceeereecee 188
Rein0s0o, O. ..ooovvvviiieiiiiieeeeee e 302
RiIbeiro, M. ....oooiiiiiiiieieieeeee e 50, 58
Richard, E. ......ooooviiiiiiiie e, 426
RiI€SZO, T.ovviiieiieieeeeeeeeere e 527
Rodrigues, R. ...cooveiiiieiiiieece e 89
Rodriguez, J. ...oocveeieieieeeeeeceeee e 202
Rodriguez, M. ....coocvvviieiieiieiececeeeeeee e 188
ROBIET, P. oo 148
Rottmann, A......coooovviiiiiiii 302
RUIZ, M. oo, 202
Ruiz-Mayor, A. .....cccoeeeiieieeeeeeeeee e 269
Sabater, J....oooooiiiiiiiiee e 482
Sabourin, C. ......ovvvviiiiiiiiiieeeeeeeee e 26
Salamanca, S.........ccoooevviiiiiii i 112
SAIVI, Jouriiiieieee e 523
Sanchez-Pérez, J. ..cooovvviviiiiiiiiiiiiie 104, 334
Santi-Jones, P.......ooovvviiiiiiiiieeeeeee e 390
Santos, H...oooovvivieiiiiee e 457
Sariel, S. oo 196
Sariyildiz, L.....ccoeeveieeeieeeceeeee e 352
SasKa, Moo 372
Schmidt, D.....oooovviiiieee e 235
Schneider, F. .....ccooooiiiiiiiieeeeee 18,249
Schnell, M ..o 469
Sehestedt, S...oooviiiiiieeeeeeeee e 18, 249
SEQUEITA, J.oovieiieeiieiieieeieee et 58
Seward, D....ooooieiiiiiee e 168
Shackleford, W. .....cccceeovviiiiiiiiieieeeeee e 154
Sharkey, P.....ooovveieeieieieeececeee e 176
Shneier, M. .....oooviiieiiieeieeeeeeeeeeeeeeee e 154
SIIVA, Foooeeeeeeee e 261
Singhoff, F. ..oooiiieie 494
Spagnolo, P.......oocveiii 378
Stanescu, L. .eeeeveeiiiiieiiiieee e 432
STUAET, .o 217
SUGIMOLO, A. oo 418
Tahboub, K. .....oooviiiiiiiiieeee e 42
TeVESZ, G veveeeeeeeeeeeee e 540
TOISON, P.oeeeeiiiieeeee e 176
TOrres, Foovveeeieeee e 97
Torres, R .ooooeeeeeeeeeeeeece e, 508
TOITES, S.uvveeeeeeeeeeeee e 474
TrivINO, Guooooeeveeeeeeeeeeeeeeee e 269
TUNATU, S.oooiiiiiiieeeee e 557
Tuytelaars, T. .....coooeevierieeeeeeeeee e 3,366

USZOK, Ao 318
Valdés, F....ooovveeieeeeeeeeeee e 202
Vale, Ao 50
Vasselin, E.........ooooviiiiice e 561
VAZQUEZ, A. oo 508
Vega-Rodriguez, M. ......c.cccocevveniincincnne. 104, 334
VICeNte, M. ..o 302
VICLOIINO, A oo 241
ViINatoru, M. ...oooovvviiiiiiicceee e 548
Wagner, B.....oooooviiiiieec e, 445
Wang, T. .o 120
Wenger, P. ..o 516
Wettach, J. ..ocoveeiiieeee e 235
WULE, O 445
Yau, W 340
Zaccariotto, M. .......oooeeiiiieiee e 128
ZOINEL, Joooiiiiiiiieeeee e 217

579



580



Proceedings of ICINCO 2006

Third International Conference on

Informatics in Control, Automation and Robotics
ISBN: 972-8865-60-0

ISBN (13 digits): 978-972-8865-60-3
http://www.icinco.org




