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Dear Colleagues, 
 
The end of the 20th century was characterised by an 
increase in automatisation of industrial processes with 
generalized use of performant fixed-base robots. The 
development of the industrial robotics is explained by 
several factors: e.g.  repetitivity and reliability of the 
production,  safety and productivity. Repetitivity  of 
production processes is well known in the Food Industry 
where electro-pneumatic automation is intensively used, in 
the Automotive Industry where static industrial robots 
improve the reliability and productivity of the production 
process. Mobile Automatic Guided Vehicles also appeared 
for a long time in those and other industrial sectors. Safety is felt as an essential factor to be 
taken into consideration in the Nuclear and Petrochemical Industry and in particular 
applications such as risky interventions or environmental surveillance. The inaccessibility 
justifies the use of static and mobile robots: space exploration, underground operations, 
undersea interventions and pipe-inspection are some examples. Finally, the increase in 
productivity coupled with a decrease in cost-effectiveness ratio constitutes the major factor 
explaining, today, the conversion of manual or semi-manual industrial activities to fully 
automated processes. 
 
The beginning of the 21st century will be characterised by an increasing market of Mobile 
Robotic Systems. 
 
 
Environment: the technological evolution and the outdoor applications of mobile Robotics 
will be characterised by an increasing importance of Communication and Information Systems 
(CIS): from a general point of view, those systems will above all rely on the network of 
satellites, antennas and air vehicles, e.g. UAVs. From a practical point of view , the RSI 
(Reconnaissance Surveillance and Intervention ) missions might however never exclusively be 
entrusted to aerial or spatial vehicles nor fixed communication-installations even if the first and 
necessary information (localisation) has to be delivered by such means and if they form the 
most reliable chain of transmission: ground-interventions are nevertheless imposed by the 
multiple consequences of observed natural events: earth-quakes or –tremors, inundation of 
large areas, fire breaking out in urban areas, in forests.. systematic underground/undersea 
inspections , etc. The use of outdoor mobile robots may be justified here by safety and 
reliability considerations. That all inspired the NOC of Clawar’2006 to open the 9th 
symposium with a workshop devoted to the UGV, UAV , USV and their important role. 

 



 

 
 
 
 
 
Industry : in the industrial sector, there will also be an evolution towards the use of mobile  
robots for manipulative tasks: since about 2-3 years, considerable progress has been made for 
entrusting more intelligence to the previously automatic guided mobile robots: thanks to the 
optimisation of control algorithms. At the same time, considerable attention has also been 
given to the development of dedicated mechanical structures/locomotion (wheeled, tracked and 
legged robots) and to the development of performant HMI. A topic that will be illustrated by 
a lot of high-value papers proposed during the 24 sessions of this successful Clawar’2006 
 
Society: Beside the environmental interventions of robots, let us finally mention that domotics 
applications begin to emerge, as well as assistive Robotics Systems in the Medical and 
Paramedical sector. A special attention has been given, this year, to the increasing interest 
in the R&D Centres focusing on the bipedal locomotion….a step towards an optimal 
symbiosis between the Human and the Robot? 

 

On behalf of the NOC, let us thank You, dear Colleagues, for attending this 9th International 
Symposium CLAWAR’2006. Enjoy your stay in Brussels. We sincerely hope that you will 
develop fruitful relationships in our Robotics Community. 

 

 

 
Professor Yvan 

Baudoin 
General Chair of 
CLAWAR’2006 

 Professor Dirk 
Lefeber 

General Co-Chair 
of Clawar’2006 

 

 

 

 

 

 

 



 

Welcome from CLAWAR Association 
 
 
The CLAWAR International Conference Series was initiated as 
one of the main dissemination activities of the EC funded 
CLAWAR Thematic Network, which started in 1997 with 
CLAWAR-1 and continued to CLAWAR-2 through to 31 
October 2005. The CLAWAR Network organised the first 
CLAWAR conference successfully in Brussels (Belgium) in 
1998, followed by the annual conferences in  Portsmouth, UK 
(1999), Madrid, Spain (2000), Karlsruhe, Germany (2001), Paris, 
France (2002), Catania, Italy (2003), Madrid, Spain (2004) and 
London, UK (2005). In this way the CLAWAR conference series 
has established itself as an internationally recognised annual scientific event, attracting 
worldwide participants ranging from scientists and researchers to engineers and practitioners 
active in the area of mobile robotics.  
 
This motivated members of the CLAWAR Network to plan for devising mechanisms to ensure 
that such valuable services to the robotics research and development community, established 
by the Network, continue beyond 31 October 2005, when EC funding to the Network ended. 
The Network, accordingly, established two organisations, namely CLAWAR Limited and 
CLAWAR Association, to further the aims and objectives of the CLAWAR Network and to 
respond to the future needs of the robotics community. 
 
While CLAWAR Ltd has been established as a commercial company to engage in commercial 
activities, CLAWAR Association is a non-profit making membership based organisation 
serving the mobile robotics research and development community through organising 
conferences, workshops, seminars, training programmes and through publications. 
 
The CLAWAR Association was officially launched and introduced to the international 
community during the CLAWAR-2005 conference in London (UK), and the CLAWAR-2006 
conference is the first of the series, which is organised under the umbrella of CLAWAR 
Association. 
 
On behalf of the Officers, Board of Trustees and Members of CLAWAR Association, we 
would like to welcome you all to the CLAWAR-2006 conference and to thank the organisers 
of CLAWAR-2006 for the tremendous amount of effort they have put into organising this 
conference. We are confident that this will be a very successful event and hope that you enjoy 
the technical as well as social programmes of the conference, and would like to extend our 
thanks to you all for participating in the CLAWAR-2006 conference. 
 
 

 

 

 
Professor 

Gurvinder S Virk 
Chairman, 

CLAWAR Association 

 Dr. M. Osman Tokhi 
Executive Director, 

CLAWAR Association 
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Dear Authors, Dear Attendees, 
 
The final programme takes into account the wishes expressed by some of you. Don’t hesitate to 
contact Professor Yvan Baudoin if you encounter particular problems during these four days.  
 
The N.O.C hopes you’ll enjoy the conference and invites you (and your companion) to join us at 
the  
 
GET TOGETHER BUFFET served at the restaurant of the RMA: 12 September 19.00 H 
 
 

 
 
and the 
 
MUSICAL EVENING given in the prestigious AULA of the RMA: 13 September 20.00 H 

 
 

Some important remarks ! 
 
An important conference, with about 300 attendants, devoted to the Justice in Belgium takes 
place in the ‘Conference room’ of the RMA on 12 September 2006,. This activity doesn’t ease 
the organisation of our own conference. Two auditoriums, located in the proximity of the 
‘Conference complex’ (called ‘Bloc O’) as well as the ‘Symposium room’ located in the 
‘Conference complex’ it selves will be available on that day for the Clawar-conference.  
Our registration staff will help you to find your way.  
The coffee break, on this day, will take place in the CAFETERIA of the RMA and NOT in the 
‘Conference complex’ as is the case on the other days. Our apologies for this small 
inconvenience. 
 
All self-service lunches take place in the Restaurant of the RMA; do not forget that the RMA is a 
university and that our academic year started on  September 3rd: meaning that about 600 
students have their lunch between 12.30H and 13.30H. You may move to the restaurant from 
noon on until 13.30H, but preferably around 13.00H.  
 
During the conference, and  particularly  in the restaurant,  the  Clawar BADGE must be worn. 
 
 
Thanks again ! 
 

 



 

 

How to get to the conference site? 
 
 
Main entrance 
8, rue Hobbema, 1000 BRUSSELS (nr 1 on map) 
 
By airplane (Zaventem) 
Take the "Airport City Express" to Brussels Central station and afterwards the underground. 
 
By Train and Underground 
Get off the train at Brussels Central Station  
Metro line 1 (direction "Stockel" or "Herrmann-Debroux")  
Get off at Schuman station (nr 2 on map) 
On foot: go left (avenue de Cortenberg), then right (avenue de la Renaissance), and again left (rue 
Hobbema)  
Entrance RMA = 8, rue Hobbema. 
 
By bus 
Bus lines 21, 28, 36, 61 and 63 have stops not far away from the RMA (Schuman, De Jamblinne de 
Meux, Wappers). 
 
By tram  
Tram lines 23, 81, 82 and 90 have stops not far away from the RMA (Merode (nr 3 on map) and 
Diamant). 
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11, 13 and 14 September : all sessions in Bloc I (Conference Center) 
12 September: two parallel sessions in bloc O, one in bloc I (Conference Center  : 
Symposium Room, ground floor) 
11-14 September: Registration in Bloc I 

CONFERENCE 
CENTER 

ENTRANCE RMA  

RESTAURANT 

CAFETARIA  
12 September 

AULA  
Musical Evening 

DEPT MECA 
MEETING Clawar 
Ltd - CARE 
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PROGRAMME at a glance 
 

11 September INTRODUCTORY UAV-UGV-UUV-USV Workshop 
09:00 - 09:30 Opening of Clawar 2006 NOC  

09:30 - 10:15 Plenary Session 
KN1  

Prof Dr Ir P. Kopacek 
Austria 

10:15 - 10:30 Coffee Break 
10:30 - 13:00 UAV-UGV-UUV-USV Session 1 

13:00 - 14:00 Lunch 

14:00 - 14:45 PM Plenary Session 
KN2 

Dr Ir Ch. Bostater 
USA 

14:45 - 15:45 PM UAV-UGV-UUV-USV Session 2 
15:45 - 16:00 Coffee Break 

16:00 -18:00 PM UAV-UGV-UUV-USV Session 3 
   

12 September CLAWAR 2006 Sessions 1 - 9 

09:20 - 10:05 Plenary Session 
KN3 

Prof Dr Ir D. Lefeber 
Belgium 

10:05 – 10:50 Birth of the Clawar Association Dr Ir M.O. Tokhi, P rof G.S. 
Virk, United Kingdom 

10:50 – 11:20 Coffee Break 
11:20 - 12:40 Session 1 

General Statements and Advanced 
Concepts 

11:20 - 12:40 Session 2 
Design and Control Architecture 

11:20 - 12:40 Session 3 
Climbing Robots 

12:40 – 14:20 Lunch 
14:20 - 15:40 Session 4 

General Statements and Advanced 
Concepts 

14:20 - 15:40 Session 5 
Design and Control Architecture 

14:20 - 15:40 Session 6 
Climbing Robots 

15:40 -16:00 Coffee Break 
16:00 - 17:20 Session 8 

Modular Design and Modules 
16:00 - 17:20 Session 7 

Design and Control Architect. 
16:00 - 17:20 Session 9 

Proprioceptive Control Tools 
19:00    GET TOGETHER EVENING 

   
13 September CLAWAR 2006 Sessions 10-18 

09:45-10:30 Plenary Session 
KN4 

Prof Dr Ir H. Hirukawa 
Japan 

10:30 – 11:00 Coffee Break 
11:00 - 12:40 Session 10 

Design and Motion Control 
11:00 - 12:40 Session 11 

Actuators & Control 
11:00 - 12:40 Session12 

Modular Design and Modules 
12:40 – 14:20 Lunch 

14:20 - 15:40 Session 13 
Exteroceptive Control Tools 

14:20 - 15:40 Session 14 
Proprioceptive Control Tools 

14:20 - 15:40 Session 15 
Design and Locomotion Control 

15:40 -16:00 Coffee Break 
16:00 - 17:20 Session 17 

Medical-Paramedical Robotics 
16:00 - 17:20 Session 18 

Outdoor Interventions 
16:00 - 17:20 Session 16 

Design and Locomotion Control 
20:00      MUSICAL EVENING - COCKTAIL 

   
14 September CLAWAR 2006 Sessions 19-23 

09:30-10:50 Session 19 
Medical-Paramedical-Assistive 

Robotics 

09:30-10:50 Session 20 
Bipedal Locomotion - Humanoïds 

09:30-10:50 Session 21  
Proprio-exteroceptive Sensor 

Control 
10:50 – 11:20 Coffee Break 

11:20 - 12:40 Session 19 continued 11:20 - 12:40 Session 20 continued 11:20 - 12:40  session 21 continued 
12:40 – 14:20 Lunch 

14:00 - 15:40 Session 23 
Industrial Robotics 

14:20 - 15:40 Session 22 
Biped Locomotion - Humanoïds 

 

FAREWELL COCKTAIL 



Clawar 2006 Brussels, Belgium 

 10 

 
11 September 2006 

Conference Room (Floor 1) 
CLAWAR 2006 

INTRODUCTORY UAV-UGV-UUV-USV Workshop 
Session Chairmen: Prof Dr Ir P. Kopacek – Dr Ir Ch. Bostater – 

Prof Dr Ir P. Hendrick 
 

08:00-16:00 Registration  

09:00 Opening of Clawar’2006 
Y. Baudoin (RMA, Belgium) 
D. Lefeber (VUB, Belgium) 

09:30 - KN1 
Towards performant cost-effective mobile 
robots 

Prof Dr Ir P. Kopacek 
Vienna University of Technology, 
Austria 

10:15 Coffee break  

10:30 
Towards High Altitude UAV for 
Environmental Surveillance and Crisis 
Management 

P. Hendrick, 
Free University Brussel, Belgium 

11:00 
Disseminative Multi-configuration Unmanned 
Aircraft Systems (DMUAS) for Surveillance 
and Security.  

A. Khan, R. Molfino , PMAR 
Laboratory,  University of Genova, Italy 

11:30 MoRoS3D, a multi mobile robot 3D simulator 
E. Colon, H. Sahli,Y. Baudoin 
Royal Military Academy 
Vrije Universiteit Brussel, Belgium 

12:00 Non Linear Control Applied to a Swarm of 
Unmanned Air Vehicles 

E. Ronchieri, A. A. Quartay 
University of Pisa, Italy 

12:30 
Motion Planning and Stabilisation of a X4 
Bidirectional Rotors using a Neuro-Fuzzy 
Controller 

K.M. Zemalache, L. Beji, H. Maaref, 
IBISC Laboratory, CNRS-FRE 
Université d’Evry Val d’Essonne, France 

13:00 Lunch  

14:30 - KN2 
Remote Sensing Platforms and Sensor Systems 
for Environmental Surveillance 

Dr Ir Ch. Bostater, Florida Institute of 
Technology, USA 

15:15 
The SmartTer - a Vehicle for Fully 
Autonomous Navigation and Mapping in 
Outdoor Environments 

P. Lamon, S. Kolski , R. Siegwart 
Ecole Polytechnique Federale de 
Lausanne, Switzerland 

15:45 Model-based control of a fast Rover over 
natural terrain 

D. Lhommes-Desages, Ch. Grand, J-C. 
Guinot, Laboratoire de Robotique de 
Paris, France 

16:15 Coffee break  

16:30 Heavy duty UUV for off-shore plants 
decommissioning  

R. Molfino, M. Zoppi  
PMAR Laboratory, University of 
Genova, Italy 

17:00 Coordinated Motion Control for Formation of 
Mobile Robots 

W. Kowalczyk, K. Kozlowski, 
Poznan University of Technology, 
Poland 

17:30 A Robust Mobile Platform for 
Agricultural/Horticultural Applications  

S. Shair, R. M. Parkin, M. R. Jackson, 
Mechatronics Research Group, 
Loughborough University England, 
UK 
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12 September  Bloc O 

CLAWAR 2006 
Plenary Session Chairman : Prof Y. Baudoin 

 
08:00-16:00 Registration  

09:00 - KN3 
Compliant actuators for robots in direct 
contact with humans 

Prof Dr Ir D. Lefeber 
Vrije Universiteit Brussel, 
Belgium 

09:45 Birth of the Clawar Association Dr Ir M.O. Tokhi – Prof G.S. Virk  
10:50-11:20 Coffee break  

 
 

12 September  Studio-room (Floor -1) 
Parallel Session 1 

General Statements and Advanced Concepts 
Session Chairman: Prof Dr Ir G.S. Virk 

 

11:20 Concept for a Fault-Tolerant Control 
Architecture for CLAWAR Machines  

W. Brockmann, K.-E- Großpietsch, K. 
Kleinlützum, E. Maehle, D. M. Meyer, F. 
Mösch 
University of Osnabrück, Fraunhofer-
Institut für Autonome Intelligente 
Systeme AIS, Sankt Augustin, Germany 
University of Lübeck, Germany 

11:40 

Selection and designing of command shaper 
using multi objective genetic algorithms for 
vibration control of a single link flexible 
manipulator.  

M. S. Alam, M. O. Tokhi, M. N. H. 
Siddique,

 

M. H. Hossain 
Department of Automatic Control and 
Systems Engineering, University of 
Sheffield, University of Ulster, NI, UK, 
University of Bradford, UK.  

12:00 
What’s going on?” An alternative approach 
into investigating human-robot 
interactions 

Y. Gatsoulis, G.S. Virk 
Intelligent Systems Group 
School of Mechanical Engineering 
University of Leeds, UK 

12:20 
"Cheap" underwater locomotion: Roles of 
morphological properties in underwater 
locomotion 

M. Ziegler, F. Iida, R. Pfeifer 
Artificial Intelligence Laboratory, 
University of Zurich, Switzerland 
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12 September – Symposium Room (Floor 0) 

Parallel Session 2 
Design and Control Architecture 

Session Chairman: Prof Dr Ir P. Kool 
 

11:20 Improving the mechanical design of a new 
staircase climbing wheelchair. 

A. González, R. Morales, V. Feliu, P. 
Pintado 
Escuela Técnica Superior de 
Ingenieros Industriales de Ciudad 
Real, Ciudad Real, Spain 

11:40 
AmphiBot II: An Amphibious Snake Robot 
that Crawls and Swims using a Central Pattern 
Generator 

A. Crespi, A.J. Ijspeert, 
Ecole Polytechnique Federale de 
Lausanne (EPFL) Switzerland 

12:00 
Compatible Use of a Legged Robot as a 
Wheeled Robot and Its Demonstrative 
Simulation 

T. Okada, W. T. Botelho , T. Shimizu,  
Department of Biocybernetics, 
Graduate School of Niigata 
University, Japan 

12:20 

Compliance Adaptation of Pleated Pneumatic 
Artificial Muscles for Reduced Energy 
Consumption by Exploiting the Natural 
Dynamics 

B. Vanderborght, P. Beyl, B. Verrelst, R. 
Van Ham, M. Van Damme, R. Versluys, 
D. Lefeber, Vrije Universiteit Brussel, 
Robotics & Multibody Mechanics 
Research Group, Belgium 

 
 

12 September – Bloc O 
Parallel Session 3 
Climbing Robots 

Session Chairman: Dr Ir M. Armada 
 

11:20 A wall climbing robot with vacuum caterpillar 
wheel system operated by mechanical valve  

Hwang Kim, Dongmok Kim, Hojun Yang, 
Kyouhee Lee, Kunchan Seo, Doyoung 
Chang and Jongwon Kim, School of 
Mechanical and Aerospace Engineering, 
Seoul National University, Seoul, Korea  

11:40 The Force Controlled Propulsion And 
Adhesion System For A Climbing Robot 

C. Hillenbrand, K. Berns 
Robotics Research Lab, University of 
Kaiserslautern, Germany 

12:00 Towards a Dynamic Vertical Climbing Robot 

Jonathan E. Clark, Daniel I. Goldman, Tao 
S. Chen, Robert J. Full,and Daniel 
Koditschek 
University of Pennsylvania, Philadelphia, 
University of California at Berkeley, USA 

12:20 Design and Simulation of a Novel Pole 
Climbing and Manipulating Robot  

M. Tavakoli, L. Marques and A.T. de 
Almeida  
Institute for Systems and Robotics  
University of Coimbra, Portugal�
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12 September – Symposium Room (Floor 0) 

Parallel Session 4 
General Statements and Advanced Concepts 
Session Chairman: Prof Dr Ir M.O. Tokhi 

 

14:20 Information Granule based Neuro-Fuzzy 
Controller for Flexible-link Manipulator  

M.N.H. Siddique
 

, M.S. Alamand, M.O. 
Tokhi, School of Computing and 
Intelligent Systems, University of Ulster, 
NI, UK , Department of Automatic 
Control and Systems Engineering, 
University of Sheffield, England, UK  

14:40 
Comparison of Different FO PD�  Control 
Algorithm Implementations for Legged 
Robots 

M. F. Silva, J. A. Tenreiro Machado, R. 
S. Barbosa 
Institute of Engineering of Porto, 
Department of Electrical Engineering, 
Porto, Portugal 

15:00 Mobile vibrating robots  

N. Bolotnik, S. Jatsun, I. Zeidis, K. 
Zimmermann 
Institute for Problems in Mechanics of the 
Russian Academy of Sciences, Moscow, 
Russia, Kursk State Technical University, 
Russia, Technical University, Ilmenau, 
Germany 

15:20 Feet for Modular Walking Robots 
I. Ion, I. Simionescu, A. Curaj, A. MAarin 
University of Bucharest, Bucharest, 
Romania  

 
 

12 September – Studio Room (Floor -1) 
Parallel Session 5 

Design and Control Architecture 
Session Chairman: Prof Dr Ir O. Verlinden 

 

14:20 Standards for mobile service robots  G. S Virk, School of Mechanical 
Engineering, University of Leeds , UK 

14:40 Novel Concepts for a Planetary Surface 
Exploration Rover  

A. K. Bouloubasis, G. T. McKee, P. 
Tolson , The University of Reading, 
Berkshire, UK 

15:00 

Comparison of reversible and irreversible 
actuators for statically stable walking robots 
from the point of view of the energy 
Consumption 

J. Roca, M. Bobi, E. Celaya, S. 
Cardonaca, Universitat de Lleida, 
Institut de Robòtica i Informàtica 
Industrial, Barcelona, Universitat 
Politècnica, Spain 

15:20 A design of reduced DOF type walking robot 
by use of closed link mechanism 

K. Inagaki, M. Minahara  
Dept. of Applied Computer 
Engineering, TOKAI University, 
Hiratsuka, Kanagawa, Japan 
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12 September – Bloc O 

Parallel Session 6 
Climbing Robots 

Session Chairman: Prof Dr Ir J.C. Samin 
 

14:20 Design Of A Climbing Robot For Inspecting 
Aircraft Wings And Fuselage   

J. Shang, T.P. Sattar, S. Chen, B. Bridge  
London South Bank University, UK�

14:40 A Small Climbing Robot with Compliant 
Ankles and Multiple Attachment Mechanisms 

T.E. Wei, K.A. Daltorio, S.N. Gorb, R.E. 
Ritzmann, R.D. Quinn 
Case Western Reserve University, 
Cleveland, USA, Max-Planck-Institute for 
Metals Research, Stuttgart, Germany 

15:00 Development of Small-size Window Cleaning 
Robot by Wall Climbing Mechanism 

T. Miyake, H. Ishihara, R. Shoji, S. 
Yoshida 
MIRAIKIKAI Inc., Hayashi, Takamatsu, 
Kagawa, Japan, Graduate school of 
Engineering, Kagawa University 
Japan�

15:20 Climbing Robots for Human-Made 3D 
structures  

M. Tavakoli, L. Marques, A. T. de 
Almeida, M.R. Zakerzadeh 
University of Coimbra, Portugal , Sharif 
University of Technology, Iran �

 
 

12 September – Symposium Room (Floor 0) 
Parallel Session 7 

Design and Control Architecture 
Session Chairman: Prof Dr Ir H. Hirukawa 

 

16:00 Simple and durable manipulators for  Mobile 
applications 

K. Mirahaya, G.S. Chirikjian 
Osaka university, Japan and Johns 
Hopkins University, US 

16:20 Design of mobile robot with changeable 
structure 

T. Akinfiev, R. Fernandez, M. Armada, A. 
Ramirez 
Industrial Automation Institute, Spanish 
Council for Scientific Research. Madrid, 
Spain 

16:40 
Development of connected crawler robot 
�� Proposal of mechanisms and motion 
planning for climbing a step autonomously��  

S. Yokota, K. Kawabata, P. Blazevic, H. 
Kobayashi, H. Hashimoto, Y. Ohyama, 
School of Bionics, Tokyo University of 
Technology, RIKEN, Saitama, Japan, 
Laboratoire de Robotique de 
Versailles(LRV), VELIZY, France 

17:00 
Computer synthesis of the control movement 
of the CLAWAR at statically unstable 
regimes. 

A. Gorobtsov 
Volgograd State Technical University, 
Russia 
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12 September – Studio Room (Floor -1) 

Parallel Session 8 
Modular Design and Modules 

Session Chairman: Prof Dr Ir K. Berns 
 

16:00 
MACCEPA:  
The Mechanically Adjustable Compliance and 
Controllable Equilibrium Position Actuator  

R. Van Ham, M. Van Damme, B. 
Vanderborght, B. Verrelst, D. Lefeber 
Vrije Universiteit Brussel, Department of 
Mechanical Engineering, Belgium 

16:20 Obstacle avoidance in a simple hopping robot. 

E. Dittrich, H. Geyer, A. Karguthy, A. 
Seyfarth, Locomotion Laboratory, 
University of Jena, Germany, 
Biomechatronics Group, MIT Media Lab, 
MIT, USA, TETRA-Gesellschaft fur 
Sensorik, Roborik und Automation mbH, 
Ilmenau, Germany 

16:40 Mechanical calculations on a humanoid robot 

L. Cabas, V. de Paz, R. Cabas, P. 
Staroverov, M. Arbulu, D. Kaynov, C. 
Perez, C. Balaguer 
Universidad Carlos III de Madrid, Spain 

17:00 Bi-pedal Robot for Rescue Operations 

N. Scheidegger, F. Mondada, M. Bonani, 
R. Siegwart 
Ecole Polytechnique Federale de 
Lausanne, Laboratoire de Systemes 
Autonomes, Switzerland 

 
 

12 September – Blok O 
Parallel Session 9 

Proprioceptive Control tools 
Session Chairman: Prof Dr Ir A. Vitko 

 

16:00 
Quadruped Robot Gait Compensation based 
on Third-Order Spline Interpolation and 
Cerebella Model Arithmetic Computer. 

Ji Zhang, Mingguo Zhao, Hao Dong, 
Tsinghua University, Beijing, P.R.China 

16:20 
Pre-processing of raw signals for early 
analysis of novelties in behaviour of walking 
robot 

A.Vitko, M. Šavel, D. Kameniar, L. 
Jurišica,  
Slovak University of Technology, 
Bratislava, Slovakia 

16:40 A new technique to improve the localization of 
legged robots 

J. A. Cobano, P. Gonzalez de Santos and J. 
Estremera. Industrial Automation Institute 
– CSIC, Madrid, Spain 

17:00 Reactive Leg Control for Four-Legged 
Walking Based on CPG and Reflex Models 

D. Spenneberg, A. Strack, H. Zschenker, 
F. Kirchner 
DFKI - German Research Center for 
Artificial Intelligence, Robotics Lab, 
University of Bremen, Faculty of 
Mathematics and Computer Science, 
Bremen, Germany 

 
 

19:00    GET TOGETHER EVENING 
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13 September - Conference Room (Floor 1) 

CLAWAR’2006 
Plenary Session  

Session Chairman: Prof Dr Ir D. Lefeber 
 

08:30-16:00 Registration  
09:45 KN4 Humanoid Robot that can move by arms 

and legs 
Prof Dr Ir H. Hirukawa (AIST) Japan 
 

10:30-11:00 Coffee break  
 
 

13 September - Conference Room (Floor 1) 
Session 10 

Design and Motion Control  
Session Chairman: Prof Dr R. Molfino 

 

11:00 A CPG-Based Model for Gait Synthesis in 
Legged Robot Locomotion 

J. Cappelletto, P. Estevez, J. C. Grieco, G. 
Fernandez-Lopez, M. Armada, Grupo de 
Mecatronica, Departamento de Electronica 
y Circuitos. Universidad Simon Bol�var, 
Venezuela , Instituto de Automatica 
Industrial - CSIC. 28500 Madrid, Spain 

11:20 Magnetic Compliance in Legged Robots  
R. T. McElligott and G T McKee  
The University of Reading, UK  

11:40 Analysis of the Wave and Tripod Gaits of a 
six-legged walking robot; 

Giorgio Figliolini, Vincenzo Ripa and 
Pierluigi Rea, DiMSAT, University of 
Cassino, Italy 

12:00 An omnidirectional mobile robot  for 
educational purposes 

I. Dorofteï, Y.Baudoin G.S. Asachi 
Technical University of Iasi, Roemenia, 
RMA, Brussels 

12:20 CPG-based Adaptive Dynamic Control of a 
Quadruped Robot with Sensory Feedback 

Hao Dong, Mingguo Zhao, Ji Zhang 
Department of Automation, Tsinghua 
University, Beijing, P.R.China 
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13 September - Symposium Room (Floor 0) 

Session 11 
Actuators & Control 

Session Chairman: Dr Ir B. Verrelst 
 

11:00 Force and Position Control using pneumatic 
cylinders. 

G. McLatchey, J. Billingsley 
University of Southern Queensland, 
Faculty of Engineering and Surveying 
West St, Toowoomba, Queensland, 
Australia 

11:20 Proxy-Based Sliding�Mode Control of a 
Planar Pneumatic Manipulator 

M. Van Damme, B. Vanderborght, R. Van 
Ham, F. Daerden, D. Lefeber 
Robotics and Multibody Mechanics 
Research Group, Department of 
Mechanical Engineering, 
Vrije Universiteit Brussel, Belgium 

11:40 Biomechanical inspired control for elastic 
legs 

T. Kerscher, J. Albiez, J.M. Zoellner, R. 
Dillmann 
FZI Forschungszenturm Informatik, 
Kalrsruhe, Germany 

12:00 
Development of a Valve for 
Magnetorheological fluid Piloting Fluidic 
Muscles 

T. Kerscher, M. Gloger, J.M. Zoellner, R. 
Dillmann 
FZI Forschungszenturm Informatik, 
Kalrsruhe, Germany 

12:20 
Attitude Control of Six-legged Robot in 
Consideration of Actuator dynamics by 
Optimal Servo Control System 

Hiruaki Uchida, K. Nonami, Chiba 
University, Japan 

 
 

13 September - Studio Room (Floor -1) 
Session 12 

Modular Design – Modules 
Session Chairman: Prof Dr Ir G.S. Virk 

 

11:00 Novel design of a Robotic Hand to be 
mounted on RH1 Humanoid Robot 

R. Cabas, L.M. Cabas, C. Balaguer 
Carlos III of Madrid University, Robotics 
Lab Leganès, Spain 

11:20 
Portable 7 DOF Scanning Arm For Non-
Destructive Inspection Of Objects With 
Unknown Geometry  

Alina-A Brenner, T.P. Sattar  
Department of Electrical, Computer and 
Communications Engineering, London 
South Bank University, UK 

11:40 Techniques for Velocity and Torque Control 
of RC Servomotors for a Humanoid Robot 

Milton Ruas, Filipe M. Silva, Vítor M. 
Santos, University of Aveiro, Aveiro, 
Portugal 

12:00 Adaptable Mobile Platform for Rough 
Terrain Locomotion  

M. Parack, G. S. Virk, S. Dogramadzi , 
University of Leeds,  UK  

12:20 ANTY : The development of an intelligent 
huggable robot  for hospitalized children 

J. Saldien, K. Goris, D. Lefeber 
Vrije Universiteit Brussel,  Belgium 
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13 September - Studio Room (Floor -1) 
Session 13 

Exteroceptive Control 
Session Chairman: Dr Ir F.P. Bonsignorio 

 

14:20 The Development of Eye System for the 
Intelligent Huggable Robot ANTY 

K. Goris, J. Saldien, D. Lefeber 
Vrije Universiteit Brussel, Brussels - 
Belgium 

14:40 Indoor Navigation for Humanoid Robot 
Using View Sequence 

J. Ido, W. Takamatsu, Y.Shimizu, Y. 
Matsumoto and T. Ogasawara 
Nara Institute of Science and Technology, 
Japan 

15:00 
Simultaneous Localization And Mapping for 
autonomous CLAWAR Robots Through 
Bayesian Invariant Recognition 

F.P. Bonsignorio 
Heron s.r.l. , Genova, Italy 

15:20 Navigation of Walking Robots: Adaptation 
to the terrain 

B. Gaßmann T. Bär J. M. Zöllner, R. 
Dillmann, Forschungszentrum Informatik, 
Karlsruhe, Germany 

 
 

13 September – Symposium Room (Floor 0) 
Session 14 

Proprioceptive Control – Tools 
Session Chairman: Dr Ir R. Van Ham 

 

14:20 Development and Experimental Evaluation 
of Sensorial System for SILO-2 Biped Robot 

R. Caballero, P. Alarcon, M. Armada 
Universidad Tecnologica de Panama 
Republic of Panama 
Industrial Automation Institute, Spanish 
Council for Scientific Research Madrid, 
Spain 

14:40 Self-Localization for Subsystems in Modular 
Structured Multi-Legged Robot 

T. Odashima, Z.W. Luo 
RIKEN Bio-Mimetic Control Research 
Center, Nagoya, Japan 
Faculty of Engineering, Kobe Univ., 
Japan 

15:00 Hardware-in-the-Loop Optimization of the 
Walking Speed of a Humanoid Robot 

T. Hemker, H. Sakamoto, M. Stelzer, O. 
von Stryk 
Technische Universitat Darmstadt, 
Department of Computer 
Science,Germany, Hajime Research 
Institute, Higashi Nakajima,Osaka, Japan 

15:20 Design of integrated sensor-actuator ionic 
polymer-metal devices  

G. S. Virk, D. R. Harvey, I. Chochlidakis, 
S. Dogramadzi  
School of Mechanical Engineering, 
University of Leeds, UK  
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13 September – Conference Room (Floor 1) 

Session 15 
Design and Locomotion Control 

Session Chairman: Prof Dr Ir G. Figliolini 
 

14:20 
Locomotion Capabilities of a Modular 
Robot with Eight Pitch-Yaw-Connecting 
Modules 

J. Gonzalez-Gomez, H. Zhang, E. Boemo, 
J. Zhang., Universidad Autonoma de 
Madrid, Spain, University of Hamburg, 
Germany�

14:40 Gait Analysis of a Six-legged walking robot 
when a leg failure occurs 

G. Figliolini , P. Rea, S.-D. Stan,  
DiMSAT, University of Cassino, Italy 

15:00 
Omni-directional walking for multi-legged 
robot for conductor based distributed 
system 

K. Inagaki, H. Mitsuhashi  
Dept. of Applied Computer Engineering, 
TOKAI University, 
Hiratsuka, Kanagawa, Japan�

15:20 Optimum Gait Selection for Quadruped 
Robots 

M. F. Silva, J.A. Tenreiro Machado, 
Institute of Engineering of Porto, 
Department of Electrical Engineering,  
Porto, Portugal�

 
 

13 September – Conference Room (Floor 1) 
Session 16 

Design and Locomotion Control 
Session Chairman: Prof Dr Ir P. Kool 

 

16:00 Free Gait Generation with Reinforcement 
Learning for a Six-Legged Robot 

M. Suphi Erden, K. Leblebicio� lu, 
Middle East Technical University,Ankara, 
Turkey�

16:20 Reflex coordination control generates 
robust, adaptive stepping in legged robots 

W. Lewinger, B. Rutter, R. Quinn 
Case Western Reserve University, 
Cleveland, OH, USA�

16:40 State observers for bipedal locomotion gait 
control. 

F.P. Bonsignorio 
Heron s.r.l. & PMAR University of 
Genova, Italy 

17:00 
Trajectory Generator for the Pneumatic 
Biped Lucy based on Inverted Pendulum 
Model. 

B. Vanderborght, P. Beyl, B. Verrelst, R. 
Van Ham, M. Van Damme, R. Versluys, 
D. Lefeber, Vrije Universiteit Brussel, 
Robotics & Multibody Mechanics 
Research Group, Belgium 
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13 September – Symposium Room (Floor 0) 

Session 17 
Medical-Paramedical Robotics 

Session Chairman: Prof Dr Ir M.O. Tokhi 
 

16:00 Force Assistance System for Standing-Up 
Motion  

D. Chugo, K. Kawabata, H. Okamoto,  
H. Kaetsu, H. Asama, N. Miyake, K. 
Kosuge 
The University of Tokyo, The Institute of 
Physical and Chemical Research, Tokyo, 

 

Research into Artifacts, Center for 
Engineering, The University of Tokyo , 
Tohoku University, Japan 

16:20 Predictive Control of Powered Lower Limb 
Prosthetic  

Á. Varga, B. Lantos  
Budapest University of Technology and 
Economics , Budapest, Hungary 

16:40 Dynamic control of seat-to-stand motion 

S. Barthélemy, V. Pasqui, C. Salaum, Ph. 
Bidaud 
Laboratoire de Robotique de Paris 
Université Paris 6 / CNRS, France 

17:00 
Bio-mimetic trajectory generation for 
guided arm movement during assisted sit-to-
stand transfer 

V. Pasqui, P. Médéric 
Laboratoire de Robotique de Paris 
Université Paris 6 / CNRS, France 

 
 

13 September – Studio Room (Floor -1) 
Session 18 

Outdoor interventions 
Session Chairman: Prof Y. Baudoin 

 

16:00 A Reconfigurable Robot with Serial and 
Parallel Mechanisms 

H. Zhang, W. Wang, Z. Deng, J. 
Zhang, TAMS, University of Hamburg,, 
Germany, Robotics Institute, BeiHang 
University, Beijing, P.R. of China 

16:20 Lateral sensor for ground tracking systems 
in humanitarian-demining tasks 

R. Ponticelli, P. Gonzalez de Santos, M. 
Armada, Industrial Automation Institute 
(CSIC) Madrid, Spain 

16:40 Positioning of a Pneumatic Legged Platform 
for Landmine Detection 

S. Larionova, L. Marques, A. T. de 
Alme�da, University of Coimbra, Portugal 

17:00 A modular control architecture for semi-
autonomous navigation 

D. Doroftei, E. Colon, Y. Baudoin 
Royal Military Academy, Brussels, 
Belgium 

 
 

 
20:00      MUSICAL EVENING – COCKTAIL 
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14 September – Conference Room  (Floor 1) 

Session 19 
Medical-Paramedical – Assistive Robotics 

Session Chairman: Dr Ir J. Naudet 
 

09:30 Steady FES-cycling speed by stimulating 
quadriceps only 

R. Massoud, M. O. Tokhi  S. C. Gharooni , 
Department of Automatic Control and 
Systems Engineering,  
The University of Sheffield UK 

09:50 GA Optimized spring orthosis to enhance 
FES-cycling performance  

R. Massoud, M. S. Alam, M.O. Tokhi, 
Department of Automatic Control and 
Systems Engineering 
The University of Sheffield, UK 

10:10 Role of Passive Lower Limb Joint 
Properties in SBO Aided Gait 

M Saiful Huq, M O Tokhi ,S Gharooni, 
The University of Sheffield, UK  

10:30 
Mechanical Design of a Step Rehabilitation 
Robot Prototype: Dimensioning of 
Compliant Actuators 

P. Beyl, J. Naudet, B. Vanderborght, M. 
Van Damme, R. Van Ham, B. Verrelst, 
D. Lefeber, Vrije Universiteit Brussel, 
Belgium 

10:50 – 11:20  Coffee Break  

11:20 
 

Gravity balancing of the human leg taking 
into account the spring mass 

V. Arakelian, S. Ghazaryan 
Département de Génie Mécanique et 
Automatique, LGCGM  
Institut National des Sciences Appliquées 
(I.N.S.A.) de Rennes, France 

11:40 

IPPAM, Intelligent Prosthesis actuated by 
pleated Pneumatic Artificial Muscles: 
mechanical concept and dimensioning of 
actuators 

R. Versluys, J. Naudet, B. Vanderborght, 
G. Lenaerts, G. Van der Perre, D. Lefeber 

Vrije Universiteit Brussel – Robotics & 
Multibody Mechanics Research Group, 
Belgium 
Katholieke Universiteit Leuven – 
Biomechanics & Engineering Design 
Research Group, Belgium 

12:00 A framework for graphical programming of 
skilled tasks with service robots  

S. Terho, M. Heikkilä, T. Taipalus, 
J.Saarinen, A. Halme 
Automation Technology Laboratory, 
Helsinki University of Technology, 
Finland 

12:20 The effects of changing crank position on 
FES ergometry cycling 

M.O. Tokhi, S.C. Gharooni 
The University of Sheffield, UK 
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14 September – Symposium Room (Floor 0) 

Session 20 
Bipedal Locomotion – Humanoïds 

Session Chairman: Prof Dr Ir P. Fisette 
 

09:30 
Easy Design and Construction of a Biped 
Walking Mechanism with Low Power 
Consumption 

F.J. Berenguer, F. Monasterio-Huelin, 
Universidad Europea de 
Madrid,.Universidad Politécnica de 
Madrid, Spain 

09:50 Stability Improvement Using Soft Sole on 
Humanoid Robot 

M. Koeda, T. Yoshikawa, K. Nakagawa, 
Ritsumeikan University, Information 
Science and Engineering, Japan 

10:10 VERONICA, a Controlled Passive Walking 
Biped�

R. Van Ham, B. Vanderborght, P. Beyl, 
M. Van Damme, D. Lefeber 
Vrije Universiteit Brussel, Belgium 

10:30 Challenges in the design of the humanoid 
robot R.H.1 

L. Cabas, R. Cabas, P. Staroverov, M. 
Arbulu, D. Kaynov, C. Perez, C. Balaguer 
Universidad Carlos III de Madrid, 
Department of Robotics, Spain 

10:50 – 11:20  Coffee Break  

11:20 
On-Line walking patterns generation for 
RH-1 Humanoid Robot using a simple  
three-dimensional inverted pendulum model 

M. Arbulù,L. Cabas,P. Staroveros, D. 
Kaynov, C. Perez, C. Balaguer, 
Universidad Carlos III de Madrid, 
Department of Robotics, Spain 

11:40 
Towards Bipedal Jogging as a Natural 
Result of Optimizing Walking Speed for 
Passively Compliant Three-Segmented Legs 

A. Seyfarth, M. Stelzer , F. Iida, A. 
Karguth, O. von Stryk, University of Jena, 
Locomotion Lab, Jena, Germany, 
Technische Universit¨at Darmstadt, 
TETRA - Gesellschaft f¨ur Sensorik, 
Robotik und Automation GmbH Ilmenau, 
Germany 

12:00 Stepping over Large Obstacles by the 
Humanoid Robot HRP-2 

B. Verrelst, B. Vanderborght, O. Stasse, 
K. Yokoi 
AIST/ISRI - CNRS/STIC Joint Japanese-
French Robotics Laboratory JRL AIST 
Tsukuba, Japan 
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14 September – Studio Room 

Session 21 
Proprioceptive-Exteroceptive Sensor Control 

Session Chairman: Ir E. Colon 
 

09:30 Using Kinematical Complex Robot for Case 
Studies in Embodied Cognition 

D. Spenneberg, Y. Kassahun, J. de Gea, F. 
Kirchner, DFKI - German Research Center 
for Artificial Intelligence, Robotics Lab, 
University of Bremen, Faculty of 
Mathematics and Computer Science, 
Bremen, Germany 

09:50 A voice controlled image recognition system 
for the Rh-1 humanoid robot 

P. Staroverov, M. Arbulú, L. Cabas, D. 
Kaynov, C. Pérez, C. Balaguer, University 
Carlos III of Madrid, Spain 

10:10 
Probabilistic Localization Using Fast Line 
Detection in a Quadruped Autonomous 
Robot 

T. Costis, V. Huge 
LISV, Vélizy, France 

10:30 
Vision Based Linear and Fuzzy Logic 
Control for 
Mobile Robots 

L. Ferm�n, W. Medina, R. Garc�a, G. 
Fernandez-Lopez, M. Armada 
Grupo de Mecatronica, Departamento de 
Electr´onica y Circuitos. Universidad 
Sim´on Bol�var, Venezuela, CSIC. 
Madrid, Spain 

10:50 – 11:20  Coffee Break  

11:20 Active Indoor Localisation of Mobile Robots 
Using Infra-Red  

A. Kherada, G.S. Virk, S. Dogramadzi, 
D.R. Harvey  
University of Leeds, UK 

11:40 Sinusoidal movement control of single-
driving wheel, tricycle robots 

J. Mujal, M. Izquierdo, E. Ramon, Ll. 
Ribas, Department of Microelectronics and 
Electronic Systems, Escola Tècnica 
Superior d’Enginyeria (ETSE), Universitat 
Autònoma de Barcelona (UAB), Spain 

12:00 Suppression of the rod sway in an overhead 
crane system using input filtering 

O.A. Shaebi, M.O. Tokhi 
The University of Sheffield, UK 

12:20 A Low Cost Local Positioning System 
using Ultrasonic Sensors 

L. Ferm�n, W. Medina, N. Veloz, A. 
Chinea, J. Grieco 
Universidad Simon Bol�var. Grupo de 
Mecatronica,Caracas, Venezuela. 
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14 September – Symposium Room (Floor 0) 

Session 22 
Bipedal Locomotion – Humanoïds 

Session Chairman: Prof Dr Ir D. Lefeber 
 

14:20 Probabilistic balance monitoring for bipedal 
robots 

O. Hohn,W. Gerth 
Institute of Automatic Control, University 
of Hannover, Germany 

14:40 VRsilo2: Dynamic Simulation System for 
the Biped Robot Silo2  

R. Ponticelli, M. Armada 
Industrial Automation Institute (CSIC), 
Madrid, Spain 

15:00 On-line Slippage Avoidance for Biped 
Walking  

José R. T. Puga, Filipe M. T. Silva, 
Boaventura R. da Cunha 
Polytechnic Institute of Porto, 
University of Aveiro,  
University of Trás-os-Montes e Alto 
Douro,  Portugal 

15:20 
Control architecture for the dynamic 
humanoid robot walking. Application to the 
Rh-1 robot.  

D. Kaynov, A. Aceña Hernandez, M. 
Arbulú, L. Cabas, P. Staroverov, C. Pérez, 
C. Balaguer, 
University Carlos III of Madrid, Spain  

 
 

14 September – Conference Room (Floor 1) 
Session 23 

Industrial-Semi-Industrial Robotics 
Session Chairman: Prof Dr Ir Y. Baudoin 

 

14:00 
An Autonomous Self contained Wall 
Climbing Robot for Nondestructive 
Inspection of Above-Ground Storage Tanks  

L.P. Kalra, J. Gu 
Department of Electrical & Computer 
Engineering,  
Dalhousie University, Halifax, Canada  

14:20 
Visual Orientation and Mimic Cleaning 
Trajectory in a Service Robotic Facade-
cleaning Gondola 

H. Zhang, R. Liu, J. Zhang, G. Zong 
TAMS, Department of Informatics, 
University of Hamburg, Germany, 
Robotics Institute, BeiHang University 
Beijing P.R. of China 

14:40 
Amphibious Robot For Weld Inspection 
Inside Floating Production Oil Storage 
Tanks  

T.P. Sattar, H.E. Leon Rodriguez, J. 
Shang, T. Gan, A. Lagonikas  
London South Bank University, UK 

15:00 PDA Depth Control of a FPSO Swimming 
Robot  

J. Shang, T.P. Sattar, H.E. Leon Rodriguez  
London South Bank University, UK 

15:20 
Wall Climbing And Pipe Crawler Robots 
For Nozzle Weld Inspection Inside Nuclear 
Pressure Vessels  

H.E. Leon Rodriguez, T.P. Sattar, J. 
Shang, Y. Markopoulos 
London South Bank University, UK 

 
 

 
FAREWELL COCKTAIL(S) 
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Plenary Sessions 
 

11 September 09:30-10:15 KN1  11 September 14:00-14:45 KN2 

 
Prof Dr Ir P. Kopacek 

Austria 

 
Towards performant cost-effective robotics systems 

 

 

Dr Ir Ch. Bostater 
USA 

 
Remote Sensing Platforms and Sensor Systems for 

Environmental Surveillance 

 
 
……………………………………………………………………… 
 
 
……………………………………………………………………… 
 
 
……………………………………………………………………… 

  
 
…………………………………………………………………… 
 
 
…………………………………………………………………… 
 
 
…………………………………………………………………… 
 

 
12 September 09:20-10:05 KN3  13 September 09:45-10:30 KN4 

Compliant actuators for robots in direct
contact with humans

• Survey on Variable Compliant 
Actuators

• Antagonistic setup with Pleated 
Pneumatic Artificial Muscles

• Mechanically Adaptable 
Compliance and Controllable 
Equilibrium Position Actuator 
(MACCEPA)

• Variable Compliant Actuators for 
Bipedal robots

• Variable Compliant Actuators in 
Assistive Technology and 
Rehabilitation

Dirk Lefeber , Björn Verrelst, Ronald Van Ham, Pieter Beyl, Bram Vanderborght, Michaël 
Van Damme, Joris Naudet, Rino Versluys

 
 

 

 

Humanoid Robot that can Move by Arms and Legs
Hiro Hirukawa

Intelligent Systems Institute, AIST, Japan
hiro.hirukawa@aist.go.jp

• A humanoid robot that can move by two legs, 
one arm and/or two arms is presented.

• The motions include biped walking, going up a 
ramp with catching a handrail and crawling.

• An attempt to extend the concept of the ZMP is 
also introduced.  

 
 
……………………………………………………………………… 
 
 
……………………………………………………………………… 
 
 
……………………………………………………………………… 

  
 
…………………………………………………………………… 
 
 
…………………………………………………………………… 
 
 
…………………………………………………………………… 
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UAV-UGV-UUV-USV 

Session 1 
10:30-13:00  

11 September 2006 
chair: Prof Dr Ir P. Kopacek – Dr Ir Ch. 

Bostater – Prof Dr Ir P. Hendrick 
 

INTRODUCTORY UAV-UGV-UUV-USV Workshop 
 

10:30-11:00  11:00-11:30 

Towards High Altitude UAVs for 
Environmental Surveillance and Crisis Management

• High Altitude Long Endurance (HALE) 
UAVs are under study or testing in 
different countries

• Lot of applications possible, e.g. 
surveillance and crisis as forest fires

• Aircraft and Airships (balloons)
• More info: http://www.usehaas.org

Patrick Hendrick
Université Libre de Bruxelles, Belgium

Service of Aero-Thermo-Mechanics
patrick.hendrick@ulb.ac.be

HALE airship & VITO 
Mercator UAV

 

Disseminative Multilayered Unmanned Aircraft System  
(DMUAS for surveillance and security.

• Disseminative aircraft system that breaks up into 
smaller UAs with varying specifications for multiple 
ranges/missions:
– Long range Reconnaissance (in complete form)
– Wide search pattern coverage (in platooned form)

– Multiple surveillance and targeting of objects 
(disseminated active and passive UAs)

• L’Aquila concept based on Flying wing with compliant 
wings for varying camber, reflex and angle of attack

• More info: khan@dimec.unige.it
molfino@dimec.unige.it

A Khan , R. Molfino
University of Genova, DIMEC, PMAR Laboratory, 

Robot design Research group
khan@dimec.unige.it

 
 
11:30-12:00  12:00-12:30 

MoRoS3D, a multi mobile robot 3D simulatorMoRoS3D, a multi mobile robot 3D simulator
Eric Colon, Hichem Sahli, Yvan Baudoin

Ecole Royale Militaire
Vrije Universiteit Brussels

MoRoS3D is a Java3D based simulator that can be used for developing distributed multi mobile 
robot applications.

The functions the simulator provides are:
• Real-time simulation of multiple robots concurrently 
• 3D real-time visualization of the simulation
• User interaction through GUI
• Dynamic control of mobile robots
• Detection of and appropriate reaction to collisions 
between mobile and fixed objects
• Simulation of position and distance sensors
• CORBA interfaces

 

Non Linear Control Applied to a Swarm of 
Unmanned Air Vehicles

• Framework for reaching a configuration and maintaining 
it, avoiding collisions among UAVs of a swarm

• Found a control law for each vehicle by using limited 
information

• Used Lyapunov’s potential concept and the selection of 
attractive and repulsive potentials

• Treatment of the initial convergence in a point

Elisabetta Ronchieri (1) and Alessandro A. Quarta (2)
University of Pisa 

Department of Electrical System and Automation (1)
Department of Aerospace Engineering (2)

(1) elisabetta.ronchieri@cnaf.infn.it

 
 
12:30-13:00 

  

Motion Planning and Stabilization of a X4 Bidirectional 
Rotors using a Neuro-Fuzzy Controller

K. M. Zemalache, L. Beji and H. Maaref
IBISC Laboratory, CNRS-FRE 2873

Evry Val d'Essonne University 
40, rue du Pelvoux, 91020, Evry Cedex, France 

zemalache,beji,maaref@iup.univ-evry.fr

Conceptual form of the 
X4 Bidirectional Rotors 

• Stabilization of a X4 Bidirectional 
Rotors using a Neuro-Fuzzy controller

• An on-line optimized Fuzzy controller 
based on a back propagation gradient  
algorithm

• Trajectory generation and motion 
planning (straight, arc and round 
corners as connections)  

 …………………………………………………………………….. 
 
 
…………………………………………………………………….. 

 
 
…………………………………………………………………….. 

 
 
…………………………………………………………………….. 
 
 
…………………………………………………………………….. 
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UAV-UGV-UUV-USV 

Session 1 
15:15-18:00  

11 September 2006 
chair: Prof Dr Ir P. Kopacek – Dr Ir Ch. 

Bostater – Prof Dr Ir P. Hendrick 
 

INTRODUCTORY UAV-UGV-UUV-USV Workshop 
 

15:15-15:45  15:45-16:15 

The SmartTer - a Vehicle for Fully 
Autonomous Navigation and Mapping in 
Outdoor Environments 
 
P. Lamon, S. Kolski , R. Siegwart 
Ecole Polytechnique Federale de Lausanne, 
Switzerland 

 

Model-based Control of a fast Rover over natural Terrain

A model-based control for fast 
autonomous four-wheel mobile robots 
on soft soils is developed. 
This control strategy takes into 
account slip and skid effects to extend 
the mobility over planar granular soils. 
Each wheel is independently actuated 
by an electric motor. 
The overall objective is to follow a 
path roughly at relatively high speed.

D. Lhomme-Desages, Ch. Grand, J-C. Guinot
Laboratoire de Robotique de Paris

Route du Panorama, 92260 Fontenay-aux-Roses
lhomme@robot.jussieu.fr,, grand@robot.jussieu.fr, guinot@robot.jussieu.fr

 
16:30-17:00  17:00-17:30 

Heavy duty UUV for off-shore plants 
decommissioning

R. Molfino, M. Zoppi
University of Genova, DIMEC, PMAR Laboratory, 

Robot design Research group
molfino@dimec.unige.it

• Support platform for positioning, levelling and 
anchoring to the seabed soil the robotic system:  
– tracked locomotion. 
– suction anchors

• Excavating arm: a 2dof arm is made by a serial 
cinematic chain

• Cutting end effector: it consists of a moving loop of 
diamond wire supported on pulleys

• More info:
http://dimec.unige.it/PMAR/pages/research/projects/sbc.htm

 

Title: Coordinated Motion Control for Formation of Mobile Robots
Authors: Wojciech Kowalczyk, Krzysztof Kozlowski
Poznan University of Technology, Chair of Control and Systems Engineering, ul.Piotrowo 3a, 60-965 Poznan, Poland

• Feedback linearized robots

• Formation motion control based on formation function

• Formation keeping during motion along desired track -
behavioral feedback

• Target enclosing

• Modular architecture - formation controller 
independent from robot controller and robot 
architecture.

 
 
17:30-18:00 

  

A Robust Mobile Platform for 
Agricultural/Horticultural Applications

• Robot path planning using aerial images

• Rotating platform for vision/IR systems fitted 
in order to accommodate for synchronous 
drive mechanism

• Calibrating (georeferencing) of aerial images
• GPS vs. EGNOS performance

S. Shair , R. M. Parkin, M. R. Jackson,
Mechatronics Research Centre

Loughborough University, England, UK
S.Shair@lboro.ac.uk

The Spider®- Refitted  
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Session 1 

Studio-room (Floor -1) 
11:20-12:40  

12 September 2006 chair: Prof Dr Ir G.S. Virk 

 

General Statements and Advanced Concepts 
 

11:20-11:40  11:40-12:00 

Concept for a Fault-Tolerant Control Architecture 
for CLAWAR Machines

• Problem: handling of complex systems
(faults, erroneous interactions)

• Aim: emergence, self-organization

• Approach: ORCA-architecture + learning

• Specific topic: discrimination of normal 
and erroneous system states 

• Solution: ïhealth-signalï as a measure

W. Brockmann1, K. Kleinlützum1, D. M. Meyer1, E. Maehle2, F. Mösch2, K.-E- Großpietsch3 

1 University of Osnabrück, 2 University of Lübeck,
3 Fraunhofer-Institut für Autonome Intelligente Systeme AIS

email: wbrockma@uos.de, maehle@iti.uni-luebeck.de,
karl-erwin.grosspietsch@ais.fraunhofer.de 

ORCA-architecture
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M. S. Alam1, M. O. Tokhi 1, M. N. H. Siddique2 and M. A. Hossain3

1The University of Sheffield, 2University of Ulster, NI, 
3University of Bradford, UK

Selection and designing of command shaper 
using multi-objective genetic algorithms for 

vibration control of a single-link flexible 
manipulator

� Command shaper in vibration reduction at end-point of a single 
link flexible manipulator.
� Multi-objective genetic algorithm (MOGA) to select and design 
command shaper
� Comparative assessments:

MOGA Vs conventional GA based solutions
MOGA Vs weighted sum based solutions
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…………………………………………………………………… 
 

 
12:00-12:20  11:30-12:00 

School of Mechanical Engineering
FACULTY OF ENGINEERING

“What’s going on?” An alternative approach into 
investigating human-robot Interactions; 

Y. Gatsoulis, G.S. Virk, M. Parack, A. Kherada. 

•Search and rescue applications 

•Situational awareness of tele-operated 
robots

•Current measurement and assessment 
methods

•New methods development

•Experimental validation

 

 

“Cheap” Underwater Locomotion:
Roles of Morphological Properties and Behavioural Di versity

• Fish robot with one degree of 
freedom

• Rich behavioural diversity in all 
three dimensions of underwater 
environment

• Embedded sensors measure tail-fin 
deflexion while swimming

M. Ziegler , F. Iida, R. Pfeifer,
University of Zurich, Switzerland
Artificial Intelligence Laboratory

mziegler@ifi.unizh.ch

Fish Robot WANDA
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Session 2 

Symposium Room (Floor 0) 
11:20-12:40  

12 September 2006 chair: Prof Dr Ir P. Kool 

 

Design and Control Architecture 
 

11:20-11:40  11:40-12:00 
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AmphiBot II: an amphibious snake robot that swims an d 
crawls using a central pattern generator

• Snake-like robot with 7 degrees of freedom

• On-board CPG based trajectory generator
• Wireless connection for remote control

• Crawling speed up to 0.40 m/s

• Swimming speed up to 0.23 m/s

• More info: http://birg.epfl.ch/amphibot

A. Crespi and A.J. Ijspeert
Ecole Polytechnique Fédérale de Lausanne, Switzerland

Biologically Inspired Robotics Group
alessandro.crespi@epfl.ch
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12:00-12:20  12:20-12:40 

Compatible Use of a Legged Robot as a Wheeled Robot  
and its Demonstrative Simulation

• New idea for using a legged robot as a 
wheeled robot without any assistance 

• Legs make always a swing phase while it 
moves as a wheeled robot

• A variety of locomotion  without influence    
of obstacles

• More info: http://okada.eng.niigata-u.ac.jp

T.Okada, Botelho Wagner Tanaka, T. Shimizu
Niigata University

Niigata University, Niigata-City, Japan
Graduate School, Mechatronics Research Group

okada@bc.niigata-u.ac.jp

 

 

Compliance Adaptation of Pleated Pneumatic Artificial Muscles for 
Reduced Energy Consumption by Exploiting the Natural Dynamics

• Pendulum powered by Pleated Pneumatic 
Artificial Muscles (PPAMs)

• Compliance controller to reduce energy 
consumption by exploiting natural dynamics

• Strategy will be used for bipedal walking 
robot Lucy

• More info: http://lucy.vub.ac.be

Bram Vanderborght , Pieter Beyl, Björn Verrelst, Ronald Van Ham,
Michaël Van Damme, Geert Verheyden and Dirk Lefeber 

Vrije Universiteit Brussel, Belgium
Robotics & Multibody Mechanics Research Group

bram.vanderborght@vub.ac.be

Pendulum powered
by PPAMs  
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Session 3 

Bloc O 
11:20-12:40  

12 September 2006 chair: Prof Dr Ir M. Armada 

 

Climbing Robots 
 

11:20-11:40  11:40-12:00 

A wall climbing robot with vacuum caterpillar wheel  
system operated by mechanical valve

Hwang Kim , Dongmok Kim , Hojun Yang, Kyouhee Lee, Ku nchan Seo, Doyoung Chang and Jongwon Kim
School of Mechanical and Aerospace Engineering, Seo ul National University, Seoul, Korea

kimh@rodel.snu.ac.kr , dmkim@rodel.snu.ac.kr, hoyang@rodel.snu.ac.kr, qelee@rodel.snu.ac.kr, kcseo@rodel.snu.ac.kr, 
dychang@rodel.snu.ac.kr, jongkim@snu.ac.kr

1. Wheel driving using vacuum caterpillar system

2. On/Off control of vacuum pressure using mechanical valve

3. Self-contained robot : vacuum pump & battery included

4. Fast climbing speed : about 15m/min

5. Small dimension : 460 x 460 x 200 (mm)

6. Light weight : about 14 (kg)

7. D.O.E (Taguchi method) has been finished to maximize 
vacuum pressure and minimize the fluctuation of vacuum 
pressure Mechanical valveMechanical valve

Example of Design of Experiment

The Picture of Climbing robot

 

The Force Controlled Propulsion And Adhesion 
System For A Climbing Robot

• Adhesion system with 7 chambers

• Propulsion system with 3 omni 
directional driven wheels 

• Manipulator for inspection tasks

• More info: 
http://agrosy.informatik.uni-kl.de

C. Hillenbrand , K. Berns
University of Kaiserslautern, Germany

Robotics Research Lab
cahillen@informatik.uni-kl.de berns@informatik.uni-kl.de

C  R  O  M  S  C  I
Climbing RObot with Multiple Sucking 

Chambers for Inspection tasks
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12:00-12:20  12:20-12:40 

Toward a Dynamic Vertical Climbing Robot
Jonathan E. Clark, Daniel I. Goldman, Tao S. Chen, Robert J. Full, and Daniel Koditschek

Similarities in the dynamics of small (2 g) climbing animals (A)
suggest a template for climbing (B).  Appropriate modifications to 
the structure and control of the template (C) results in stable 
climbing for a proposed 2 kg robot (D). 

DC Motor

zL0
(67 g)

3 x zL0
(67 g)

Prismatic DOF

Body
(1.4 kg)

Foot
(167 g)

Compliant
Hips

(A)

(B)

(C)

(D)

 

 

Design and Simulation of a Novel Pole Climbing and 
Manipulating Robot

• Conceptual design of a climbing robot for 
climbing over 3D human-made structures 
with concentration on increasing the 
manoeuvrability

• Modeling and Dynamics simulation of the 
proposed design

• Discussion of detailed design and estimated 
characteristics of the robot

Mahmoud Tavakoli , Lino Marques, Aníbal T. de Almeida
Institute for Systems and Robotics 

University of Coimbra, Portugal
{mahmoud, lino, adealmeida}@isr.uc.pt

Climbing robot for 3D structures  
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Session 4 

Symposium Room (Floor 0) 
14:20-15:40  

12 September 2006 chair: Prof Dr Ir M.O. Tokhi 

 

General Statements and Advanced Concepts 
 

14:20-14:40  14:40-15:00 

Information Granule-based Neuro-Fuzzy Controller for Flexible 
Manipulator

• As is well recognized, rule acquisition has 
been regarded as a bottleneck for 
implementation of fuzzy logic controller. 

• Defuzzification is a time consuming 
procedure. 

• Though Roger Jang’s adaptive neuro-fuzzy 
and Sugeno’s fuzzy systems eliminated those 
shortcomings but both require a set of input-
output data, which may not always be 
available. 

• This paper reports on a neuro-fuzzy 
controller, where the rule-base represented 
by aBinary Neural Network and trained 
using information granules.

• The approach is tested in the control of a 
single-link flexible manipulator.

1M.N.H. Siddique, 2M.S. Alam and 2M.O. Tokhi
1School of Computing and Intelligent Systems, University of Ulster, UK

2Department of Automatic Control and Systems Engineering, University of Sheffield, UK.

Flexible-link Manipulator

 

Comparison of Different Fractional Order PD 0.5 Control 
Algorithm Implementations for Legged Robots

• The joint control of legged robots is usually 
implemented through a PID algorithm

• The application of the theory of fractional 
calculus in robotics is still in a research stage,  
but recent progress in this area reveals promising 
aspects for future developments

• Adoption of a control architecture with two 
controllers Gc1(s) and Gc2 in a cascade structure 
in the forward control path, with a Fractional 
Order (FO) PD0.5 algorithm for Gc1(s)

• Comparison of two alternatives for implementing 
the FO algorithm, namely a discrete-time uth

order Padé approximation and a truncated series 
of v terms

Manuel F. Silva , J. A. Tenreiro Machado, Ramiro S. Barbosa
Department of Electrical Engineering, Institute of Engineering of Porto,
Rua Dr. António Bernardino de Almeida – 4200-072 Porto – Portugal

email: mss@isep.ipp.pt, jtm@isep.ipp.pt, rsb@isep.ipp.pt

Hexapod robot control architecture

( )1 , 1,2j

C j j jG s Kp K s jaa+= =
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Gc1(s) Robot
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15:00-15:20  15:20-15:40 

Mobile vibrating robots

• Mathematical models of robots with 
vibrating internal masses and with 
variable shape of robot.

• Description of prototype of 3-D robot 
with two internal rotating masses 

• Control system of 3-D vibrating robot
• More info:www.mechatronics.kursk.ru

Nikolai N. Bolotnik1, Sergey F. Jatsun 3, Igor Zeidis2, Klaus Zimmerman2

1Institute for Problems in Mechanics of the Russian Academy of Sciences 
119526 Moscow, Vernadsky ave. 101 b.1, Russia

2TU Ilmenau, Fakultät für Maschinenbau, Max-Planck-Ring12, D-98693 Ilmenau, 
Germany

3Kursk State Technical University 305000 Kursk, 50 let Oktyabry, 94, Russia
jatsun@kursknet.ru;

Prototype of 3-D vibrating robot with 
two rotating internal masses:1-robot-
body, 2-vibrating mechatronicmodulus, 
3- DC- motor, 4-rotating masse.

1

2

3

4

11

2

3

4

 

 

Feet for Modular Walking Robots

• KINEMATICS ANALYSIS OF THE LEG 

MECHANISM

• FORCES DISTRIBUTION IN THE LEG 

MECHANISM

• OPTIMUM DESIGN OF THE FOOT

• CONCLUSIONS

Ion SIMIONESCU, Ion ION, Adrian CURAJ, Alexandru MARIN
Department of Mechanisms and Robots Theory, 
POLITEHNICA University of Bucharest, Romania

Email: johnsimi@yahoo.com

Modular Walking Robot
MERO

Running

direction

Leg in support phase

Leg in transfer phase
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Session 5 

Studio Room (Floor -1) 
14:20-15:40  

12 September 2006 chair: Prof Dr Ir O. Verlinden 

 

Design and Control Architecture 
 

14:20-14:40  14:40-15:00 

School of Mechanical Engineering
FACULTY OF ENGINEERING

Standards for mobile service robots
G.S.Virk

Intelligent Systems Group, School of Mechanical Enigineering, University of Leeds
g.s.virk@leeds.ac.uk

• Robotics: Manufacturing to Services
• Robotics: Current status and future
• Drivers for the future and barriers
• Differences from traditional robots
• Missing standards
• Conclusions

 

 

Novel Concepts for a Planetary Surface 
Exploration Rover

• A new rover design, the multi-tasking rover (MTR), 
offers modularity, reconfigurability and upgradeability.

• The MTR comprises a surface mobility platform and 
packs which transform the functionality of the system to 
suit different tasks.

• Packs – science and tool packs – offer extended 
functionality

• A shoulder articulation system (SAS) and Active 
Compliant Differential System (ACDS) offer centre of 
mass re-allocation and assists stability.

A K Bouloubasis, G T McKee and P Tolson
University of Reading, UK
Active Robotics Laboratory
antonbool@googlemail.com

The Multi-tasking Rover 
(MTR)  
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15:00-15:20  15:20-15:40 

Comparison of Reversible and Irreversible Actuators  
for Statically Stable Walking Robots from the Point  of 

View of the Energy Consumption

• Energetic analysis of different actuator 
alternatives for an hexapod

• Leg mechanisms simulation to obtain actuators 
requirements

• Definition of detailed mechanical models for 
the actuator components

• Simulation of the actuators operation using the 
described models and estimation of the energy 
consumption 

J. Roca , M. Bobi, E. Celaya and S. Cardona
Universitat de Lleida, Spain

Universitat Politècnica de Catalunya, Spain
jroca@diei.udl.es

 

A design of reduced DOF type walking robot
by use of closed link mechanism

K.Inagaki and M. Minahara
Dept. of Applied Computer Engineering, TOKAI University,

Hiratsuka, Kanagawa, JAPAN 259-1292
inagaki@tokai.ac.jp

• Walking robot with reduced DOF
design

• Possible to walk on flat terrain with          
six DOF

• If it has seven DOF at                         
least, it can step over             
difference in level.
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Session 6 

Bloc O 
14:20-15:40  

12 September 2006 chair: Prof Dr Ir J.C. Samin 

 

Climbing Robots 
 

14:20-14:40  14:40-15:00 

Design of a Climbing Robot for Inspecting Aircraft 
Wings and Fuselage

• Design of climbing robot to carry Cartesian scanning 
arm and payload of various NDT sensors while walking 
on the topside and downside of wings and on varying 
surface curvatures presented by the fuselage of different 
types of aircraft.

•The main achievement of this robot is the flexibility to 
cope with varying curvature while remaining rigid once 
the robot feet adhere to the surface plus the capability to 
climb around the aircraft surface while carrying a 
payload of up to 18kg. 

Jianzhong Shang, Tariq P.Sattar, Shuwo Chen, Bryan Bridge
London South Bank University, UK

Centre for Automated and Robotic NDT
shangj@lsbu.ac.uk, sattartp@lsbu.ac.uk

 

 

A Small Climbing Robot with Compliant Ankles 
and Multiple Attachment Mechanisms

• Uses claws, spines and adhesive 
tarsal pads inspired by insects and 
animals

• Compliant ankles allow feet to 
stay in optimal orientation to the 
substrate

• Capable of climbing on soft, 
porous, and smooth surfaces

T.E. Wei1, K.A. Daltorio1, S.N. Gorb2, L. Southard1, 
R.E. Ritzmann3, and R.D. Quinn1

1Mechanical Engineering and 3Biology, Case Western Reserve 
University, Cleveland, USA, rdq@case.edu

2Evolutionary Biomaterials Group, Max-Planck-Institute for Metals 
Research, Stuttgart, Germany, s.gorb@mf.mpg.de

Mini-WhegsTM  
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15:00-15:20  15:20-15:40 

Development of Small-size Window Cleaning Robot
by Wall Climbing Mechanism

• Suction cup and wheeled locomotion
• Small-size and Lightweight.

W 0.3 x D 0.3 x H 0.1 [m], 3 [kg]
• Autonomous traveling control system 

with internal sensors 
• Battery-driven robot

• More info: http://miraikikai.jp
http://imd.eng.kagawa-u.ac.jp/ishihara/

Tohru Miyake*1*2, Hidenori Ishihara*2, Ryu Shoji*2 and Shunichi Yoshida*2

*1 MIRAIKIKAI Inc., Japan, miyake@miraikikai.jp
*2 Graduate school of Engineering, Kagawa University, Japan 

ishihara@eng.kagawa-u.ac.jp

Window Cleaning Robot
“WallWalker”

Robot on the window 

Achieved  Trajectory

 

 

Climbing Robots for Human-Made 3D structures

• Discussion of advantages and disadvantages of 
several design categories for pole climbing 
robots

• Introduction of four novel conceptual design 
solutions of Climbing Robots for Human-Made 
3D structures.

• Introduction of a novel flexible gripper, 
adaptable to different sizes and shapes of cross 
section of Human-Made 3D structures.

Mahmoud Tavakoli , Lino Marques, Aníbal T. de Almeida, M.R. Zakerzadeh
Institute for Systems and Robotics 

University of Coimbra, Portugal
{mahmoud, lino, adealmeida}@isr.uc.pt

Tripod Climbing Robot  
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Session 7 

Symposium Room (Floor 0) 
16:00-17:20  

12 September 2006 chair: Prof Dr Ir H. Hirukawa 

 

Design and Control Architecture 
 

16:00-16:20  16:20-16:40 

Simple and durable manipulators 
for mobile applications

• Discretely Actuated Robotic Manipulator (D-ARM):
– Definition: Any member of a class of robotic manipulators 

powered by “discrete actuators.”

– Characteristics: Discreteness of both input range and end-
effector frames. 

– Advantages: Stability, High task repeatability, Simplicity, 
Minimal supporting devices, Low cost.

• Design method for D-ARM:
– An incremental kinematic synthesis of a base-line manipulator 

using a numerically obtained Jacobian matrix and its 
generalized inverse matrix. 

– A set of inverse kinematic problems on the Special Euclidean 
group in three space, SE(3).

MIYAHARA, Keizo1) and Gregory S. Chirikjian2)

1) Osaka University, Suita, Osaka, JAPAN
2) Johns Hopkins University, Baltimore, Maryland, USA

1) miyahara@mech.eng.osaka-u.ac.jp, 2) gregc@jhu.edu

Example D-ARM
<http://custer.me.jhu.edu/

research/binary_robot.html>

 

Design of mobile robot with changeable structureDesign of mobile robot with changeable structure

•• Wheeled robot with changeable structure.Wheeled robot with changeable structure.

•• Discontinuous movement of robot along a soft surface.Discontinuous movement of robot along a soft surface.

•• The wheels of the robot alternately act as supporting legs The wheels of the robot alternately act as supporting legs 
(blocked wheels) and as freely rolling wheels. (blocked wheels) and as freely rolling wheels. 

•• Specific dynamic properties of the robot have been Specific dynamic properties of the robot have been 
discovered using analytical methods.discovered using analytical methods.

T. Akinfiev , R. Fernandez, M. Armada, A. Ramirez
Industrial Automation Institute, Spanish Council for Scientific Research, 

Department of Control
teodor@iai.csic.es

Mobile robot with changeable structure
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16:40-17:00  17:00-17:20 

Development of connected crawler robot
- Proposal of mechanisms and motion planning for cli mbing a step autonomously -

• The connected crawler robot is proposed.

• It has 5 connected stages with the motor-
driven crawler tracks on each side.

• We propose the method to let the robot climb 
a step autonomously.

• The method is that:
Each joint angular trajectory is expressed by 
the Fourier series, and GA searches the sub-
optimal coefficients and time period of 
Fourier series. 

Sho Yokota , Kuniaki Kawabata, Pierre Blazevic
Hisato Kobayashi, Hiroshi Hashimoto, Yasuhiro Ohyama

School of Bionics, Tokyo University of Technology
Tokyo, Japan

yokota@bs.teu.ac.jp

Connected crawler robots

 

 

Computer Synthesis  of the Control Movement of 
the CLAWAR at Statically Unstable Regimes

• Method can be applied to 
mechanical systems large 
dimension

• Considering redundant drivers 
and redundant constraints  

• More info: http://frund.vstu.ru

A. Gorobtsov
Volgograd State Technical University,Volgograd, Russia

Department of Higher Mathematics
gorobtsov@avtlg.ru
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Modular Design and Modules 
 

16:00-16:20  16:20-16:40 

MACCEPA: The Mechanically Adjustable Compliance 
and Controllable Equilibrium Position Actuator

• Comparable with fully adaptable torsion spring
• Independent control of equilibrium position and compliance  
• Quasi linear angle-torque relation
• Simple and straightforward design
• Passive element for energy storage
• Linearised formula (up to 45°):

• More info: http://mech.vub.ac.be/maccepa

Ronald Van Ham , Michaël Van Damme, Bram Vanderborght, Björn Verrelst & 
Dirk Lefeber

Vrije Universiteit Brussel - Robotics & Multibody Mechanics Research Group 
email:Ronald.Van.Ham@vub.ac.be

MACCEPA Prototype

PT ..ma=
BC
CBk

-
=

..
m

 

 

Obstacle avoidance in a simple hopping robot

• Compliant leg design and minimal sensory 
feedback

• Feed-forward control strategy for directly 
steering jumping height

• The robot can overcome obstacles about as 
high as its leg length

E. Dittrich1, H. Geyer2, A. Karguth3, A. Seyfarth1

1Locomotion Laboratory, University of Jena, Germany
2Biomechatronics Group, MIT Media Lab, MIT, USA

3TETRA-GmbH, Ilmenau, Germany
e.dit@uni-jena.de

Experimental setup for hopping robot
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16:40-17:00  17:00-17:20 

Mechanical calculations on a humanoid robot Rh-1

• It describes different types of forces that act on 
a humanoid robot R.H.- 1

• In order to succeed, the problem will be 
divided in different parts.

• All these calculations take place at a defined 
moment in which the position, the speed and 
the acceleration of the robot and its parts are 
all well known.

• More info: http://roboticslab.uc3m.es

L. Cabás , V. de Paz, R. Cabás, M. Arbulú, P. Staroverov,
C. Perez, D. Kaynov, C. Balaguer

University Carlos III of Madrid
Department of Robotics, Robotics Lab. - Madrid , Spain

lcabas@ing.uc3m.es

Some tests on Humanoid 
Robot Rh-1.  

 

Bi-pedal Robot for Rescue Operations

• Biped for flat and complex rough terrain

• High flexibility through different locomotion 
modes and concepts

• Passive adaptation on structures being gripped 
with special claws

• More info: noemy.scheidegger@epfl.ch

N. Scheidegger, F. Mondada, M. Bonani, and R. Siegw art
Laboratoire de systèmes robotiques EPFL, Switzerland

Autonome Systeme ETHZ, Switzerland
noemy.scheidegger@epfl.ch

Bi-pedal Walking, Climbing 
and Rolling Robot MATE-1
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Proprioceptive Control tools 
 
16:00-16:20  16:20-16:40 

Quadruped Robot Gait Compensation based on 
Third-Order Spline Interpolation and Cerebella Mode l 

Arithmetic Computer
Ji Zhang ,  Mingguo Zhao,  Hao Dong

Department of Automation, Tsinghua University, 
Beijing 100084, P. R. China

{mgzhao}@mail.tsinghua.edu.cn
{ji-zhang03, donghao00}@mails.tsinghua.edu.cn

• The actual walk loci bias significantly 
from the planned loci when Aibo is 
walking

• TOSI compensation is achieved

• CMAC compensation is approached

• The actual walk loci are greatly 
improved and Aibo is pleased Aibo and his 

walk locus

 

Pre-processing of Raw Signals Used for Classificati on
of Off-nominal States of Walking Robot

A.Vitko, M. Šavel, D. Kameniar and L. Jurišica
Slovak University of Technology 

Bratislava, Slovakia

1. Pre-processing and detection of the off-nominal foot placing
• Symptoms of impaired foot placing sequences 
• Ways of detection of an off-nominal foot placing 

2. Pre-processing of the off-nominal joint torques
• Detection of impaired torque courses
• Pre-processing of sensed joint torques

3. Clustering and classification of the sensed torqu e time profiles
• Detection of novelties in the torques profiles
• Classification of  torque profiles  
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16:40-17:00  17:00-17:20 

A new method to improve the localization of 
legged robots

• Humanitarian demining is a suitable 
application for mobile 
autonomous/semiautonomous robots

• Walking robots are specially well suited for 
this task

• A precise localization system is required

• More info: http://iai.csic.es/users/silo6/

J.A. Cobano, P. Gonzalez de Santos and J. Estremera
Industrial Automation Institute (CSIC), Spain

jacobano@iai.csic.es

SILO6 Walking Robot  

 

Reactive Leg Control for Four-Legged Walking 
Based on CPG and Reflex

• Autonomous four-legged robot with 24 DOF and 
actuated feet and head

• Bio-Inspired PCR-Control Approach for 
controlling a four legged robot 

• CPG-inspired models for producing rhythmic 
trajectories based on Bezier-Splines

• Reflex-based ground contact control
• More info: http://www.dfki.de/robotics

D. Spenneberg(1) , A. Strack(2), H. Zschenker(2), F. Kirchner(1,2)
DFKI Robotics Lab(1), Bremen, Germany & Robotics Lab(2), Department for 

Mathematics and Computer Science, University of Bremen, Germany
dirk.spenneberg@dfki.de

The new four legged robot 
ARAMIES (funded by DLR & ESA)
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Design and Motion Control 
 

11:00-11:20  11:20-11:40 

A CPG-Based Model for Gait Synthesis in Legged Robo t 
Locomotion

• 3-DOF per leg Quadruped

• Central Pattern Generator based on phase 
locked oscillators and feed-forward neural 
networks

• Soft gait mode transitions by single input 
control

• Leg trajectory control by neural network

J. Cappelletto , P. Estévez, J. C. Grieco, G. Fernández-López and M. Armada
Universidad Simón Bolivar, Venezuela

Mechatronics Research Group
Instituto de Automática Industrial – CSIC. Madrid, Spain

cappelletto@usb.ve

Quadruped robot
(3-DOF per leg)

 

Magnetic Compliance for Legged Robots

• An innovative method for providing compliance in legged 
robots is presented.

• The method is based on magnetic force.
• The approach offers muscle-type properties, variable 

compliance, tunable stiffness, and GRF properties.
• It also offers an approach to terrain identification and hence 

terrain adaptability during walking or running motions.

R. McElligott and G T McKee
University of Reading, UK
Active Robotics Laboratory
antonbool@googlemail.com

 
 
11:40-12:00  12:00-12:20 

Analysis of the Wave and Tripod Gaits
of a Six-Legged Walking Robot

• Six-legged walking robot
• Kinematic model and tip leg motion
• Absolute gait simulation
• Analysis of the wave and tripod gaits
• Gait between the wave and tripod gaits
• Animations (MatLab)

G. Figliolini, V. Ripa and P. Rea
University of Cassino, Italy

DiMSAT, LARM: Lab. of Robotics and Mechatronics
figliolini@unicas.it

Gait Simulation  

 

An Omnidirectional Mobile Robot for Educational 
Purposes

• Omnidirectional mobile robot 
with four Swedish wheels

• Educational application

• Trajectory control based on an 
cheap microcontroller and sonar 
sensor

1I. Doroftei, 2Y. Baudoin
1“Gh. Asachi” Technical University of Iasi, Romania
Theory of Mechanisms and Robotics Department

2Royal Military Academy of Brussels
Mechanical Engineering department

idorofte@mec.tuiasi.ro

Omnidirectional mobile robot  
 
12:20-12:40 

  

CPG-based Adaptive Dynamic Control of a 
Quadruped Robot with Sensory Feedback

• Walking adaptively on irregular terrain for a 
quadruped robot is still a challenging problem 

• Body posture feedback is combined to CPG 
for generating adaptation when walking from 
flat terrain to a slope of 7 degrees

• Machine learning is approached to find the 
appropriate weight parameters

• AIBO successfully walks from flat terrain to a 
slope with adaptation after learning experiment

Hao Dong , Mingguo Zhao, Ji Zhang, Naiyao Zhang
Tsinghua University Beijing, P.R.China

Department of Automation
{donghao00,ji-zhang03}@mails.thu.edu.cn

{mgzhao, zlh}@mail.tsinghua.edu.cn

Environment for the 
learning experiment  
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Actuators & Control 
 

11:00-11:20  11:20-11:40 

Force and Position Control Using Pneumatic Cylinder s

• ‘Nested Loop’ topology of non-linear 
control for pneumatic cylinders.

• Force and Position control with variable 
Compliance Strategy.

G. McLatchey , J. Billingsley
University of Southern Queensland, Australia

Faculty of Engineering and Surveying
mclatchg@usq.edu.au, billings@usq.edu.au

Eight Legged Walking Robot
ROBUG IV

 

Proxy-Based Sliding Mode Control of a Planar 
Pneumatic Manipulator

• Lightweight manipulator actuated by 
Pleated Pneumatic Artificial Muscles

• Adaptable compliance and high 
power to weight ratio

• Safety is of primary importance
• Proxy-Based Sliding mode control: 

improved performance and safety
• More information at 

http://werk.vub.ac.be/softarm

M. Van Damme, B. Vanderborght, R. Van Ham, F. Daerden, D. Lefeber
Vrije Universiteit Brussel, Department of Mechanical Engineering

Multibody Mechanics Research Group
michael.vandamme@vub.ac.be

 
 
11:40-12:00  12:00-12:20 

Biomechanical inspired control for elastic legs
T. Kerscher, J. Albiez, J.M. Zöllner, R. Dillmann

FZI Forschungszentrum Informatik, Interactive Diagnosis and Service 
Systems (IDS), Haid-und-Neu-Str. 10-14, 76131 Karlsruhe, Germany

email: kerscher, albiez, zoellner@fzi.de, dillmann@ira.uka.de

• Elastic properties of the muscle-tendon-
system play a major role in locomotion

• Realization of ”elastic locomotion” in a 
technical system by developing a 
biomechanically inspired control strategy

• Development of an advanced model for 
the fluidic muscle MAS

• Validation of the model using a quick 
release test rig

• Introduction of the control idea for a 
simplified elastic leg for biped walking

 

 

Development of a Valve for Magnetorheological fluid 
Piloting Fluidic Muscles

T. Kerscher, M. Gloger, J.M. Zöllner, R. Dillmann
FZI Forschungszentrum Informatik, Interactive Diagnosis and Service 
Systems (IDS), Haid-und-Neu-Str. 10-14, 76131 Karlsruhe, Germany

email: kerscher, gloger, zoellner@fzi.de, dillmann@ira.uka.de

• Development of a weight-optimized, self-
closing magnetorheological (MR) valve 

intended to drive fluidic muscles as 
hydraulic actuators

• Use of magnetorheological fluids as 
hydraulic medium, pressure drop and 

volume flow can be controlled by the 
magnetic field of MR valves

• Presentation of  the design issues and 
the test of a MR valve with normally 
closed condition

 

 
12:20-12:40 

  

Attitude Control of Six-legged Robot in Considerati on of 
Actuator dynamics by Optimal Servo Control System

• Six-legged robot using hydraulic actuator 
for land mine detection

• Mathematical model of considering 
actuator dynamics for attitude control

• Design of attitude control method using 
optimal servo control system 

• 3D Simulation to verify the validity of 
the proposed attitude control method

H. Uchida 1, K. Nonami2,
1Kisarazu National College of Technology, Chiba, Japan

2Chiba University, Chiba, Japan
uchida@maple.m.kisarazu.ac.jp

Six-legged robot COMET-III
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Modular Design – Modules 
 

11:00-11:20  11:20-11:40 

Novel design of a Robotic Hand to be mounted on 
RH1 Humanoid Robot 
 
R. Cabas, L.M. Cabas, C. Balaguer 
Carlos III of Madrid University, Robotics Lab 
Leganès, Spain 
 

 

Portable 7 DOF Scanning Arm For Non-destructive 
Inspection Of Objects With Unknown Geometry

• Scanning capability and portability on mobile 
climbing robots

• Contact non-destructive testing (NDT) on 
rigid surfaces

• Adaptively deals with surface uncertainty
• Operates with an accuracy of 1mm

• Specialize on turbine blade inspection

Alina-A Brenner , T. P. Sattar
Department of Electrical, Computer and Communications Engineering,
London South Bank University, 103 Borough Road, London SE1 0AA

email: brennea@lsbu.ac.uk, sattartp@lsbu.ac.uk

Test piece example of 
inspection of turbine 

 
11:40-12:00  12:00-12:20 

Techniques for Velocity and Torque Control of RC 
Servomotors for a Humanoid Robot

• Low-level control architecture for a small-size 
humanoid robot using a distributed approach 

• Enhanced performance of RC servomotors 
achieved by software compensation

• Position and velocity control has been made 
possible and the results applied to the robot

• Force-driven local control: leg balancing in a 
moving platform based on force sensing

• More info: www.mec.ua.pt/robotics/humanoid

M. Ruas1, F. Silva1 and V. Santos2,
University of Aveiro, Portugal

1Department of Electronics, Telecommunications and Informatics, IEETA
2Department of Mechanical Engineering, TEMA

fsilva@det.ua.pt

Humanoid Robot with 
22 DOFs  

 

School of Mechanical Engineering
FACULTY OF ENGINEERING

Adaptable Mobile Platform for Rough Terrain 
Locomotion

M. Parack, G.S.Virk, S,Dogramadzi, Y. Gatsoulis
Intelligent Systems Group, School of Mechanical Enigineering, University of Leeds, 

g.s.virk@leeds.ac.uk, s.dogramadzi@leeds.ac.uk

• Quadra-Tracked robot for rough 
terrain locomotion.

• Four articulated track modules 
which rotate 300º about the 
centre of rotation.

• Tele-Operated, using Wi-Fi for 
communication.

 
 
12:20-12:40 

  

ANTY: The Development of an Intelligent 
Huggable Robot for Hospitalized Children

• Social child-robot interaction by 
recognizing and expressing emotions

• Intrinsic safe operation with complaint 
actuators

• Multidisciplinary research platform

• More info: http://anty.vub.ac.be

Jelle Saldien , Kristof Goris, B. Vanderborght, R. Van Ham, 
B. Verrelst, and D. Lefeber 

Vrije Universiteit Brussel, Belgium
Robotics & Multibody Mechanics Research Group

jelle.saldien@vub.ac.be

 

 …………………………………………………………………….. 
 
 
…………………………………………………………………….. 

 
 
…………………………………………………………………….. 

 
 
…………………………………………………………………….. 
 
 
…………………………………………………………………….. 
 
 
…………………………………………………………………….. 
 
 

 



Clawar 2006 Brussels, Belgium 

 40 

 
Session 13 

Studio Room (Floor -1) 
14:20-15:40  

13 September 2006 chair: Prof Dr Ir F.P. Bonsignorio 

 

Exteroceptive Control 
 

14:20-14:40  14:40-15:00 

The Development of the Eye-System for the 
Intelligent Huggable Robot ANTY

• Anthropomorphic based eye-support and

eye-movements

• Safe complaint actuation with hobbyist 
servos based on Bowden cables

• More info: http://anty.vub.ac.be

Kristof Goris, Jelle Saldien, B. Vanderborght, R. Van Ham, 
B. Verrelst, and D. Lefeber 

Vrije Universiteit Brussel, Belgium
Robotics & Multibody Mechanics Research Group

kristof.goris@vub.ac.be

 

Indoor Navigation for Humanoid Robot
Using View Sequence

• We applied the navigation method using view 
sequence to the humanoid robot, HRP-2. 

• To avoid the problem of image blur and 
vibration which is specific to a walking robot, 
stable images were extracted by estimating 
walking cycle. 

• The proposed method was implemented 
and the feasibility of the method was 
confirmed through a walking experiment in the 
corridor.

J. Ido , W. Takamatsu, Y. Shimizu, Y. Matsumoto and T. Ogasawara 
Nara Institute of Science and Technology, Japan

{juniti-i, yoshio, ogasawar}@is.naist.jp

Navigation using view sequence 
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15:00-15:20  15:20-15:40 
Simultaneous Localization And Mapping for autonomous  

CLAWAR Robots Through
Bayesian Invariant Recognition

• The hierarchical bayesian structure we have adopted has 
been proposed as a model of part of the visual cortex 
pattern recognition process.

• In this model, the environment representation is achieved in 
term of  high probability temporal sequences of 
observations at different level of a hierarchy of bayesian
networks, obtained with a dedicated learning process (see 
fig. 1).

• The identification of a feature in the environment is based 
on the bayesian inference of the most likely sequences at 
the different level of the environment representation.

• This approach shows a good invariance across various 
transformations and seems robust and suitable to noisy and 
changing environments.

Fabio P. Bonsignorio
Heron s.r.l.

fabio.bonsignorio@gmail.com

High level structure of 
environment description 

information storage

 

Navigation of Walking Robots: Adaptation to the ter rain

• Geometrical Environment Model
• Characterization of Terrain

• Fuzzy Reasoning
• Selection of Walking Parameters

B. Gaßmann , T. Bär, J.M. Zöllner and R. Dillmann
Forschungszentrum Informatik, Karlsruhe, Germany

gassmann@fzi.de

Six-Legged Walking Robot
LAURON IV  
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Proprioceptive Control – Tools 
 

14:20-14:40  14:40-15:00 

Development and Experimental Evaluation of Sensoria l 
System for SILO-2 Biped Robot

• Sensorial data fusion system for a biped robot . 
• Force sensors, Accelerometers and Gyrorates are 

modelled, calibrated and fusioned in order to 
obtain the ZMP position and biped robot attitude. .

• The proposed data fusion algorithm is based in a 
switching gain Extended Kalman filter and tested 
in SILO-2 biped robot

R. Caballero*, M. Armada † and P. Alarcón†

†Industrial Automation Institute, Spanish Council for Scientific Research
Carretera de Campo Real Km 0,200, Arganda del Rey, Madrid, Spain

*Universidad Tecnologica de Panama
Avenida de la Universidad Tecnologica, Panama, Republic of Panama

armada@iai.csic.es

SILO-2

 

Self-Localization for Subsystems in Modular 
Structured Multi-Legged Robot

T.Odashima and Z.W.Luo

RIKEN Bio-Mimetic Control Research Center, Japan
odashima@bmc.riken.jp

• Hierarchical distributed control 
structure is applied to multi-legged 
robot.
• We focused on the self-localization
for subsystems constituting the 
lower network.
• All subsystems can obtain
correct located position 
autonomously without increasing 
computational burden of supervisory 
controller.  
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15:00-15:20  15:20-15:40 

Hardware-in-the-Loop Optimization of the Walking
Speed of a Humanoid Robot

• New, 55cm tall, autonomous humanoid robot with
21 actuated joints, 3D gyro and accelerometer, 2 
cameras and onboard computing

• Internal joint control with stabilization of walking
motion using gyro

• Formulation of walking speed optimization
problem with 5 variables 

• Numerical online optimization using surrogate
function and SQP 

• Achieved forward walking speed of > 40cm/s in 
permanent operation

Thomas Hemker¹, Hajime Sakamoto², Maximilian Stelzer ¹, Oskar von Stryk¹
¹Technische Universität Darmstadt, Germany 

Dept. of Computer Science, Simulation and Systems Optimization
²Hajime Research Institute, Ltd., 5-6-21 Higashi Nakajima

Higashi Yodogawa-ku, Osaka 533-0033, Japan 

More info: www.dribblers.de  

 

School of Mechanical Engineering
FACULTY OF ENGINEERING

Design of Integrated Sensor-Actuator Ionic 
Polymer-Metal Devices

G.S. Virk, D.R. Harvey, I. Chochlidakis, S. Dogramadzi,
g.s.virk@leeds.ac.uk

•IPMC integrated sensor-
actuator (iSAD)

•Design Methodology

•Mechanical Configurations

Actuator IPMC

Sensor IPMC

Actuator IPMC

Sensor IPMC
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Design and Locomotion Control 
 

14:20-14:40  14:40-15:00 

Locomotion Capabilities of a Modular Robot with 
Eight Pitch-Yaw-Connecting Modules

• Modular robot composed of eight modules
• Locomotion based on sinus-CPGs (central 

pattern generators)
• Five different gaits simulated, implemented and 

tested
• More info:
http://www.iearobotics.com/personal/juan/index_eng

J. Gonzalez-Gomez , H. Zhang, E. Boemo and J. Zhang
Universidad Autonoma de Madrid, Spain

Digital Systems Laboratory (DSLab)
juan.gonzalez@uam.es

Pitch-Yaw-connecting 
Modular Robot
HYPERCUBE

 

Gait Analysis of a Six-Legged Walking Robot
When a Leg Failure Occurs

• Six-legged walking robot
• Kinematic model and leg mechanism
• Absolute gait simulation
• Gait analysis when a leg failure occurs
• Animations (MatLab)

G. Figliolini 1, P. Rea 1 and Sergiu-Dan Stan 2
1 University of Cassino, Italy

DiMSAT, LARM: Lab. of Robotics and Mechatronics
figliolini@unicas.it

2 Technical University of Cluj-Napoca
Dep. of Mechanics and Computer Programming

Leg mechanism
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15:00-15:20  15:20-15:40 

Omni-directional walking for multi-legged robot
for conductor based distributed system

K.Inagaki and M.Mitsuhashi
Dept. of Applied Computer Engineering, TOKAI University,

Hiratsuka, Kanagawa, JAPAN 259-1292
inagaki@tokai.ac.jp

• Omni-directional walking is one of 
the importan merit of walking 
robot.

• By use of conductor based 
distributed control system, omni-
directional walking has been 
performed.

 

Optimum Gait Selection for Quadruped Robots

• Adoption of a simulation model, for multi-
legged locomotion systems, considering 
several periodic gaits 

• Test the quadruped robot locomotion, as a 
function of the forward velocity VF
considering the adoption of different gaits 
often observed in several quadruped animals 
while they walk / run at variable speeds

• Determined the best locomotion gait, from 
the viewpoint of energy efficiency, in the 
velocity range 0.1£ VF £ 10.0 ms- 1

M. F. Silva , J. A. Tenreiro Machado
Institute of Engineering of Porto, Department of Electrical Engineering,

Rua Dr. António Bernardino de Almeida, 4200-072 Porto, Portugal
mss@isep.ipp.pt, jtm@isep.ipp.pt
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Session 16 

Conference Room (Floor 1) 
16:00-17:20  

13 September 2006 chair: Prof Dr Ir P. Kool 

 

Design and Locomotion Control 
 

16:00-16:20  16:20-16:40 

Free-Gait Generation with Reinforcement Learning fo r a 
Six-Legged Robot

• Discrete-Model of Stepping
• Free-Gait Generation with Stable Non-Dead-

End States
• Reinforcement Learning of State Transitions
• Learning of Five-Legged Walking in the case 

of a Rear-Leg Deficiency
• Application to the actual Robot-EA308
• More info:

http://www.eee.metu.edu.tr/~suphi/robot_ea308.html

M.S. Erden , K. Leblebicio� lu,
Middle East Technical University 

Department of Electrical and Electronics Engineering,
Computer Vision and Intelligent Systems Research Laboratory

06531 Ankara, Turkey
suphi@metu.edu.tr, kleb@metu.edu.tr

The Robot-EA308
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16:40-17:00  17:00-17:20 

STATE OBSERVERS FOR BIPEDAL LOCOMOTION GAIT 
CONTROL

• The driving terms are recomputed at each 
sampling step, and are subject to amplitude 
saturation.

• Different actuation laws are programmable.
• The terms Jn correspond to the generalized 

inertia matrices, reduced to simplified 
expressions, generally simmetrical, definite 
positive, time varying,

• The internal state vectors are estimated to 
the future point to which the forward lopps
have to be closed

Fabio P. Bonsignorio
Heron s.r.l.

&
PMARlab – DIMEC – University of Genova

fabio.bonsignorio@gmail.com

The recursive algorithm
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Trajectory Generator for the Pneumatic Biped Lucy
based on Inverted Pendulum Model

• Biped actuated with 12 pneumatic artificial 
muscles

• Trajectory generator based on inverted 
pendulum model

• Different step lengths and walking speeds
max 0.11m/s

• More info: http://lucy.vub.ac.be

Bram Vanderborght , Björn Verrelst, Ronald Van Ham,
Michaël Van Damme, Jelle Saldien, Kristof Goris and Dirk Lefeber 

Vrije Universiteit Brussel, Belgium
Robotics & Multibody Mechanics Research Group

bram.vanderborght@vub.ac.be

Bipedal Walking Robot
LUCY  
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Symposium Room (Floor 0) 
16:00-17:20  

13 September 2006 chair: Prof Dr Ir M.O. Tokhi 

 

Medical-Paramedical Robotics 
 

16:00-16:20  16:20-16:40 
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• Force assistance system for elderly 
person to stand up from the bed.

• Our system prevents the decreasing 
of muscular strength by using part of 
physical strength of the patient. 

• Distributed controller realizes both 
real-time control and coordination 
among actuators with low cost.

• Proposed control scheme consists of 
dumping control and position 
control. Controller can selects more 
appropriate scheme according to the 
posture of patient.

)������(���������� ��������
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Predictive Control of Powered
Lower Limb Prosthetic

• Measurement system for gait kinematics 
and ground reaction forces

• Nonlinear dynamic model of the leg
• Reference signals using measurements 

of healthy leg
• Receding horizon control using LTV 

model and terminal constraint

Á. VARGA, B. LANTOS
Budapest University of Technology and Economics, Hungary

Department of Control Engineering and Information Technology
avarga@seeger.iit.bme.hu

Structure of the leg  
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16:40-17:00  17:00-17:20 

Dynamic analysis and simulation 
of sit-to-stand motion 
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S. Barthélemy, C. Salaum, Ph. Bidaud and V. Pasqui

Université Pierre et Marie Curie – Paris 6 
Laboratoire de Robotique de Paris 

Philippe.Bidaud@upmc.fr

 

 

Bio-mimetic trajectory generation for guided arm
movement during assisted sit-to-stand transfer

• Robotic aid designed for mobility 
rehabilitation assistance and allowing 
assisted transfers from walking to 
standing positions

• Trajectory generator based on 
experimental analysis with law of 
motion bell shaped

• Experimental sit-to-stand transfer 
results

V. Pasqui and Ph. Bidaud
Laboratoire de Robotique de Paris

pasqui@robot.jussieu.fr

Monimad robotic aid  
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Session 18 

Studio Room (Floor -1) 
16:00-17:20  

13 September 2006 chair: Prof Dr Ir Y. Baudoin 

 

Outdoor interventions 
 

16:00-16:20  16:20-16:40 

A Reconfigurable Robot with Serial and 

Parallel Mechanisms
Houxiang Zhang1, Wei Wang2, Zhicheng Deng2, Jianwei Zhang1

1Department of Informatics, University of Hamburg, Germany

2Robotics Institute, Beihang University, China 

• A novel reconfigurable mobile 
robot for urban search and rescue.

• A special docking mechanism and 
the serial and parallel mechanisms. 

• Locomotion capabilities
• On-site experiments.

A novel reconfigurable robot.

 

Lateral sensor for ground tracking systems in 
humanitarian-demining tasks

• Part of the sensor head for Humanitarian de-
mining tasks

• System based on flex sensor strips along with a 
fuzzy logic acquisition module

• The manufacturing and implementation are 
lightweight, simple and robust

R. Ponticelli , P. Gonzalez de Santos and M. Armada
Ctra. Campo Real KM 0.2, 28500 Madrid, Spain 

Industrial Automation Institute (CSIC), 
Department of Control
rponticelli@iai.csic.es

Manipulator and 
sensor head model  
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16:40-17:00  17:00-17:20 

Positioning of a Pneumatic Legged Platform for
Landmine Detection

• Cartesian pneumatic platform for 
landmine detection

• Fusion of odometry, compass and 
vision using Kalman filter

• Vision-based relative position 
estimation using natural landmarks 
on the ground

S. Larionova, L. Marques, A. T. de Alme?da
Institute of Systems and Robotics 
University of Coimbra, Portugal

{sveta,lino,adealmeida}@isr.uc.pt

Landmine detection platform 
in the experimental setup  

 

A modular control architecture 
for semi-autonomous navigation

• Development of a multi-sensor semi-
autonomous demining robot

• Development of a modular control 
architecture, combining map building 
and AI navigation techniques with fast 
reactive control to come to a global 
demining strategy

• Development of a modular multi-OS 
software architecture enabling 
distributed processing

D. Doroftei , E. Colon, Y. Baudoin
Royal Military Academy Belgium

Department of Mechanics
daniela.doroftei@rma.ac.be

Robudem robot  
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Session 19a 

Conference Room  (Floor 1) 
9:30-10:50  

14 September 2006 chair: Dr Ir J. Naudet 

 

Medical-Paramedical – Assistive Robotics 
 

09:30-09:50  09:50-10:10 

 

 

� A linear spring actuator which mimics the function 
of a real natural muscle group that flex the knee 
joint (hamstrings)is positioned on a knee orthosis 
very near to the knee joint. 

� In order to achieve optimum performance of the 
spring actuator implementation, linear spring 
parameters (spring constant and spring rest angle) 
are optimized using Genetic Algorithm. 

� Results have shown that linear spring 
implementation in FES-cycling can lead to 
smoother cycling and save energy, thus minimizing 
muscle fatigue and allowing longer FES-cycling 
time.

Linear spring 
 

GA Optimized spring orthosis to enhance FES-
cycling performance 

R. Massoud, M. S. Alam, M. O. Tokhi, S. C. GharooniR. Massoud, M. S. Alam, M. O. Tokhi, S. C. Gharooni
Department of Automatic Control and Systems Engineeri ng

The University of Sheffield, UK
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10:10-10:30  10:30-10:50 

Role of Passive Limb Joint Properties in SBO 
Aided Gait

• Human leg model developed using Simulink and 
visualNastran software

• Lower limb passive joint moments incorporated in the 
human leg model to find its effects in SBO design

• Genetic Algorithms (GA) and Multi-objective GA (MOGA) 
is used to find the best SBO spring parameters

• SBO generated swing phase duration is strictly limited to 
approximately 0.75 sec, unless some measures are 
taken

M S Huq, M S Alam, M O Tokhi
Dept. of Automatic Control and Systems 

Engineering
University of Sheffield, United Kingdom

cop02msh@sheffield.ac.uk

 

Mechanical Design of a Step Rehabilitation Robot Prototype:

Dimensioning of Compliant Actuators

• Step rehabilitation robot powered by
pleated pneumatic artificial muscles

• Compliant actuation system per joint

• Actuator dimensioning: complex 
nonlinear design problem

• Solution: exhaustive search optimization

P. Beyl, J. Naudet, B. Vanderborght, M. Van Damme, R. Van Ham, B. Verrelst 
and D. Lefeber 

Vrije Universiteit Brussel, Belgium
Robotics & Multibody Mechanics Research Group

Pieter.Beyl@vub.ac.be

Artist’s view of the step rehabilitation robot
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Session 19b 

Conference Room  (Floor 1) 
11:20-12:40  

14 September 2006 chair: Dr Ir J. Naudet 

 

Medical-Paramedical – Assistive Robotics 
 

11:20-11:40  11:40-12:00 

Gravity balancing of the human leg taking into acco unt 
the spring massTrajectory

• Introduction

• Gravity balancing of a rotating link taking Into 
account the spring mass

• Numerical examples

• Application of the suggested approach to the  
balancing of rehabilitation devices

• Conclusion

V. Arakelian & S. Ghazaryan
Département de Génie Mécanique et Automatique

Institut National des Sciences Appliquées (I.N.S.A.) de Rennes
20 av. des Buttes de Coësmes – CS 14315, F-35043 Rennes, France

vigen.arakelyan@insa-rennes.fr

Gravity balancing device for 
the leg of a walking person.

 

Intelligent Prosthesis actuated by Pleated Pneumati c 
Artificial Muscles: Objectives and mechanical conce pt

• State-of-the-art of prosthetic feet

• Dimensioning of pneumatic muscles 
for the prosthesis

• Mechanical concept of test model

• More info: http://mech.vub.ac.be

R. Versluys 1, J. Naudet1, B. Vanderborght1, G. Lenaerts2 and D. Lefeber1

1Vrije Universiteit Brussel, Belgium
Robotics & Multibody Mechanics Research Group

2Katholieke Universiteit Leuven, Belgium
Biomechanics & Engineering Design Research Group

rino.versluys@vub.ac.be

Test model of prosthesis 
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12:00-12:20  12:20-12:40 

A framework for graphical programming of skilled 
tasks with service robots

S. Terho, M. Heikkilä, T. Taipalus, J.Saarinen, A. Halme
Automation Technology Laboratory, Helsinki University of Technology

• Paper presents the creation 
and initial testing of a generic 
concept for programming and 
teaching skilled tasks with a 
graphical flowchart applied to 
service robotics 

• Allows the user to group micro 
tasks to more complex tasks, 
and these can be grouped to 
yet higher-level tasks. 

• To evaluate the framework, 
two exemplary tasks, trash 
picking and box transportation 
are reported 
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R.Massoud@shef.ac.ukR.Massoud@shef.ac.uk

� FES-cycling can be improved by optimizing crank position.

� Suitable positions impact on increasing the output power, minimizing energy 
expenditure, reducing muscle stimulation, and minimizing the performance error.

� Individualizing the bicycle mechanical design, will enable a large proportion of 
paraplegics to cycle with FES.  
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Session 20a 

Symposium Room (Floor 0) 
9:30-10:50  

14 September 2006 chair: Prof. Dr Ir P. Fisette 

 

Bipedal Locomotion – Humanoïds 
 

09:30-09:50  09:50-10:10 

Easy Design and Construction of a Biped Walking 
Mechanism with Low Power Consumption

• Biped mechanism with 11 joints, 5 passive d.o.f. 
and 1 actuated d.o.f (the tail).

• Low power and energy consumption based on:
– Low kinetic energy losses in collisions between 

the foot and the ground.
– Conversion of potential and kinetic energies in 

elastic energy at two springs. 
– Near horizontal oscillatory movement of a tail 

with help of an additional torsional spring.
• Low cost prototype powered by a 9V-6LR battery

F.J. Berenguer and F. Monasterio-Huelin
Universidad Europea de Madrid, Escuela Superior Politécnica

fjuan.berenguer@uem.es
Universidad Politécnica de Madrid, E.T.S.I. Telecomunicación

felix.monasteriohuelin@upm.es

Walking Prototype Robot 
ZAPPA

 

Stability Improvement Using Soft Sole  
on Humanoid Robot

• Soft-soled humanoid robot

• A soft material with a certain thickness 
improves the stability of a humanoid robot. 

• Conducted experiments
– Shifting center of gravity without stepping
– Stepping motion
– Walking on an irregular terrain

• More infomation:
– http://www.robot.ci.ritsumei.ac.jp/intelligent/

Masanao Koeda, Tsuneo Yoshikawa, Keita Nakagawa
Ritsumeikan University, Information Science and Engineering, Japan

{koeda, yoshikawa, nakagawa}@ci.ritsumei.ac.jp

Experiment of Walking 
on Irregular Terrain

Experiment of Walking 
on Irregular Terrain

Soft Sole of Humanoid RobotSoft Sole of Humanoid Robot
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10:10-10:30  10:30-10:50 

VERONICA, a Controlled Passive Walking Biped

• Biped actuated by 6 MACCEPA actuators
• Independent control of equilibrium position 

and compliance in each joint
• Based on passive walkers, but online variation 

of natural frequency by changing compliance 
of the actuators in the joints

• More info: http://mech.vub.ac.be/maccepa

Ronald Van Ham , Bram Vanderborght, Pieter Beyl, 
Michaël Van Damme, & Dirk Lefeber

Vrije Universiteit Brussel, Belgium 
Robotics & Multibody Mechanics Research Group

email:Ronald.Van.Ham@vub.ac.be

MACCEPA Powered 
Biped Veronica

 

Challenges in the design of the humanoid robot Rh-1

• Biped actuated with 12 pneumatic artificial 
muscles

• Trajectory generator based on inverted 
pendulum model

• Different step lengths and walking speeds
max 0.11m/s

• More info: http:// roboticslab.uc3m.es

L. Cabás , R. Cabás, M. Arbulú, P. Staroverov, C. Perez, D. Kaynov, C. Balaguer
University Carlos III of Madrid

Department of Robotics, Robotics Lab. - Madrid , Spain
lcabas@ing.uc3m.es

Humanoid Robot Rh-1.
From the design to fabrication 
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Session 20b 

Symposium Room (Floor 0) 
11:20-12:40  

14 September 2006 chair: Prof Dr Ir P. Fisette 

 

Bipedal Locomotion – Humanoïds 
 

11:20-11:40  11:40-12:00 

On-Line walking patterns generation for RH-1 
Humanoid Robot using a simple  three-dimensional 
inverted pendulum model 
 
M. Arbulù,L. Cabas,P. Staroveros, D. Kaynov, C. 
Perez, C. Balaguer, Universidad Carlos III de Madrid, 
Department of Robotics, Spain 

 

Towards Bipedal Running
A. Seyfarth, R. Tausch, M. Stelzer
F.Iida, A. Karguth, O. von Stryk
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• Generation of dynamically stable  
trajectories to step over large obstacles

• Obstacle stepover feasibility during 
instantanous double support phase

• Foot and hip trajectory planner for 
stepover procedure

• Collision free trajectory adaptor 
specifically for larger obstacles

�� �!�����
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Session 21a 
Studio Room 

9:30-10:50  
14 September 2006 chair: Ir E. Colon 

 

Proprioceptive-Exteroceptive sensor Control 
 

09:30-09:50  09:50-10:10 

Using Kinematically Complex Robot for 
Case Studies in Embodied Cognition

• Two Case Studies for learning spatial 
properties by interacting with the environment
– Case Study 1: Classification of different ground 

substrates using primarily proprioceptive data gained 
via interaction

– Case Study 2: A recognition system which learns to 
recognize objects based on multimodal sensorimotor
coordination using extereoceptive and proprioceptive
data

• More info: http://www.dfki.de/robotics

D. Spenneberg(1) , Y. Kassahun(2), J. de Gea(2),
M. Eddington(2), E. Kirchner(2), F. Kirchner(1,2) 

DFKI Robotics Lab(1) & Robotics Lab(2), Department for Mathematics and 
Computer Science, University of Bremen, Germany

dirk.spenneberg@dfki.de

The robot Scorpion in
the used indoor test-bed

 

A voice controlled image recognition system for the Rh-1 
humanoid robot

• Humanoid robot with 21 DOF
• Capable of voice recognition, voice 

synthesis, face detection and face 
recognition

• Custom developed “T-shirt based”
image recognition system

• More info: http://roboticslab.uc3m.es/

P. Staroverov , M. Arbulú, L. Cabas, D. Kaynov, C.Pérez and C. Balaguer
University Carlos III of Madrid, Spain

Robotics Lab
pstarove@ing.uc3m.es

Humanoid Robot Rh-1

reviewers comment
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10:10-10:30  10:30-10:50 

Probabilistic Localization Using Fast Line
Detection in a Quadruped Autonomous 

Robot

� Real-time detection of visual landmarks for an embedded 
robotic application

� Improvement of robot self-localization accuracy using Kalman 
Filter

� Absolute localization in known but dynamic environment 
using Monte-Carlo probabilistic method

� Line tracking and self positioning application on a quadruped 
robot

Thomas Costis, Vincent Hugel
LISV – Laboratoire d’Ingénierie des Systèmes de Versailles

{thcostis, hugel}@robot.uvsq.fr

 

 

Vision Based Linear and Fuzzy Logic
Control of Mobile Robots

• Differential Drive Mobile Robot.

• Vision System to obtain the position and 
orientation of the robot.

• Two controllers developed and compared for 
reaching a destination: PI and Fuzzy.

• Fuzzy controller offers a better performance 
than PI one for this non-linear system.

L. Fermín1, W. Medina-Meléndez 1, R. García1,
G. Fernández-López1 and M. Armada2

1Universidad Simón Bolívar. Grupo de Mecatrónica. Caracas, Venezuela
2Instituto de Autómática Industrial. Madrid, España.

wmedina@usb.ve

Differential Drive Robot  
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Session 21b 
Studio Room 

11:20-12:40  
14 September 2006 chair: Ir E. Colon 

 

Proprioceptive-Exteroceptive sensor Control 
 

11:20-11:40  11:40-12:00 

School of Mechanical Engineering
FACULTY OF ENGINEERING

Active Indoor Localization Of Mobile Robots Using 
Infra-Red

A.Y.Kherada, G.S. Virk, S. Dogramadzi, D.R. Harvey, Y. Gatsoulis. 
University Of Leeds, School Of Mechanical Engineering,

Intelligent Systems Group
g.s.virk@leeds.ac.uk

• Localisation using Triangulation 
and Infra-Red (IR) Beacons

• IR – accurate, low cost, easy to 
implement

• Rotating transmitter and receiver 
use encoded IR signal for angle 
measurement

• Robot simulation using Player 
Stage

Infra-Red Beacon System  

 

Sinusoidal Movement Control of
Single-Driving Wheel, Tricycle Robots

• One-motor tricycle robot
with a single driving and steering wheel

• Rear wheels with fixed direction and 
spinning independently

• Trajectory generator based on
sinusoidal wave matching under
geometrical and kinematic constrictions

• More info: http://shades.uab.cat

J. Mujal , M. Izquierdo, E. Ramon, and Ll. Ribas
Universitat Autònoma de Barcelona, Spain

Microelectronics and Electronic Systems Dept.
jmujal@microelec.uab.es

The “waddlebot”  
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12:00-12:20  12:20-12:40 

Suppression of the rod sway in an overhead crane 
system using input filtering

• The overhead Vn4D Crane 
model.

• Attaching the hook with four 
ropes instead of one.

• Filter design and 
implementation. 

O. Shaebi , M. O. Tokhi
Department of Automatic control and Systems Engineering 

The University of Sheffield
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A Low Cost Local Positioning System
using Ultrasonic Sensors

• Localization method based on the intersection 
of hyperbolic curves.

• Radial arrangement of emitters and receivers 
to obtain “omnidirectional” sensors

• Three emitters and one receiver.

• A stochastic algorithm was employed to obtain 
the position of the receiver.

L. Fermín , W. Medina-Meléndez, N. Veloz, A. Chinea and J. Grieco
Universidad Simón Bolívar, Grupo de Mecatrónica. Caracas, Venezuela.

lfermin@usb.ve
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Session 22 

Symposium Room (Floor 0) 
14:20-15:40  

14 September 2006 chair: Prof Dr Ir D. Lefeber 

 

Bipedal Locomotion – Humanoïds 
 

14:20-14:40  14:40-15:00 

Probabilistic balance monitoring for bipedal robots

• Balance and operation monitoring for humanoid robots
• Fall detection with a speech recognition approach
• Probability ratio to ascertain the appropriate control strategy 

• More information: http://www.irt.uni-hannover.de

O. Höhn , W. Gerth
Leibniz University Hannover, Germany

Institute of Automatic Control
hoehn@irt.uni-hannover.de
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15:00-15:20  15:20-15:40 

On-line Slippage Avoidance for Biped Walking

•Reduction in the Friction
•Avoidance from the Slippage
•Friction as a Function of the CMP and COM
•Friction as Unidirectional Under Restrictions
•Detection of Slippage

José R. T. Puga 1, Filipe M. T. Silva2, Boaventura R. da Cunha3

1Polytechnic Institute of Porto
2University of Aveiro

3University of Trás-os-Montes e Alto Douro

Three-three-dimensional 
4-link leg.  

 

Control architecture for the dynamic humanoid robot  
walking. Application to the Rh-1 robot

• Control Architecture: Joints Control and 
Posture Control

• Joints Control : Adaptive Control 
Algorithm (STR, Gain-Scheduling)

• Posture Control: Attitude Control, ZMP 
Control

• More info: http://roboticslab.uc3m.es/

D. Kaynov, A. Aceña Hernandez, M. Arbulú, L. Cabas, P.Staroverov, C.Pérez, C. 
Balaguer

Robotics Lab, Department of Systems Engineering and Automation
University Carlos III of Madrid – Spain

dkaynov@ing.uc3m.es

Humanoid Robot Rh-1
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Session 23 

Conference Room (Floor 1) 
14:00-15:40  

14 September 2006 chair: Prof Dr Ir Y. Baudoin 

 

Industrial-Semi-Industrial Robotics 
 

14:00-14:20  14:20-14:40 

An Autonomous self-contained Wall Climbing Robot fo r 
the Non-destructive Inspection of the Above Ground 

Storage Tanks

• A Crawling type wall climbing robot with 
permanent magnet adhesion mechanism.

• Performs non-destructive inspection of the 
above ground storage tanks autonomously. 

• Uses a distance transform based coverage 
algorithm for the autonomous coverage of the 
exterior tank walls with NDT sensors

• Can be operated wirelessly by the operator 
manually

Love P. Kalra*, Jason Gu†
*†Department of Electrical & Computer Engineering,

C-Building, 1360 Barrington St., Sexton Campus,
Dalhousie University, Halifax, NS-B3J1Z1, Canada

love.kalra@dal.ca, jason.gu@dal.ca

Wall Climbing Robot

 

Visual Orientation and Human-inspired Cleaning 

Trajectory in a Service Robotic Facade-cleaning Gon dola

Houxiang Zhang1, Jianwei Zhang1, Rong Liu2, Guanghua Zong2

1Department of Informatics, University of Hamburg, Germany

2Robotics Institute, Beihang University, China 

• A new kind of automatic glass-wall 
cleaning robotic gondola.

• Vision-based edge detection is applied to 
solve the problem of orientation.

• A human-inspired cleaning method is 
employed.

Automatic cleaning gondola .  
 
14:40-15:00  15:00-15:20 

Amphibious Robot For Weld Inspection Inside Floatin g 
Production Oil Storage Tanks

• Swimming, Wall-climbing and Floor 
moving robot for weld inspection on 
tank stiffener plates

• Designed for operation in air, water 
and in oil

• NDT of welds using ACFM 
technique

T.P. Sattar1, H.E. Leon Rodriguez1, J. Shang1, T. Gan2 and A. Lagonikas3

1 Department of Electrical, Computer and Communications Engineering, 
London South Bank University, 103 Borough Road, London SE1 0AA

2 TWI Ltd, Granta Park, Great Abington, Cambridge CB1 6AL
3 Zenon S.A., 5 Kanari Street, Gl. Nera, GR 15354, Kinari Street, Athens, 

Greece

 

 

PDA Depth Control of a FPSO Swimming Robot 

•Proportional, Derivative and Adaptive (PDA) depth 
control method for a swimming robot designed for 
Floating Production Storage and Offloading vessel 
(FPSO) inspection. 
• Depth controlled by adjusting the mass of the 
buoyancy tank on the top of the robot while keeping 
the overall robot volume constant, so that the robot 
weight is adjusted around its neutral buoyancy point. 
• Robot swims to a given depth and maintains that 
depth in the face of disturbance from the thrusters 
that drive the robot horizontally.
•The control algorithm is adaptive to varying depth to 
let the robot have similar dynamic performance in 
any depth in the tank. 

Jianzhong Shang, Tariq P.Sattar , Hernando E. Leon Rodriguez 
London South Bank University, UK

Centre for Automated and Robotic NDT
shangj@lsbu.ac.uk, sattartp@lsbu.ac.uk

 
 
15:20-15:40 

  

Wall Climbing And Pipe Crawler Robots For Nozzle We ld
Inspection Inside Nuclear Pressure Vessels

• Prototype tele-operated underwater robotic 
inspection system for detecting defects and 
corrosion in the circumferential transition welds 
into the nozzle in reactor pressure vessels.

• The robot adheres to the wall of a tank (pressure 
vessel) by using three vacuum suction cups placed 
at the vertices of the triangular chassis.

• After the climbing robot has been positioned over 
the nozzle a second robot will enter the nozzle pipe 
inspect circumferential welds located at a distance 
of 700mm from the lip of the nozzle.

H.E. Leon Rodriguez , T.P. Sattar, J. Shang and Y. Markopoulos*
Department of Electrical, Computer and Communications Engineering,
London South Bank University, 103 Borough Road, London SE1 0AA

{Sattartp@lsbu.ac.uk, leonroh@lsbu.ac.uk, ypmarkop@zenon.gr }

*Zenon S.A., 5vKanari Street, Gl. Nera, GR15354, Athens, Greece

RIMINI – EU Project  
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