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Welcome 

Dear colleagues and friends, 
 
Welcome to Lisbon, the venue of the 7th IFAC Conference on Manoeuvring and Control of Marine Cra
MCMC’2006. 
 
We have an exciting program, and one that cuts across a vast number of areas at the forefront of resea
and development in navigation, control, and instrumentation with applications to the maritime field. 
program also reflects the present trend towards the development of advanced systems and vehicles to af
scientists increasingly sophisticated tools for ocean exploration and exploitation. We hope this conference
give researchers and practitioners an excellent opportunity to discuss common theoretical and prac
problems, examine scientific and commercial applications, and explore avenues for future research. 
 
We take this opportunity to thank the members of the International and National Committees, the pa
evaluators, and our collaborators and students for their effort and dedication in helping us organize 
conference and put together its scientific programme. We also thank the plenary speakers for having ki
agreed to give us an overview of their recent work and a vision of what lies ahead of us. Finally, we exp
our appreciation to our sponsors, who have simplified the task of securing the financial means to make 
conference a reality. 
 
We wish you all a pleasant stay and a very productive meeting. Enjoy your time in Lisbon. 
 
Thank you 
 

 
 

António M. Pascoal 
General Chair, MCMC 2006 

Pere Ridao 
Chair, IPC 

Carlos Silvestre 
Vice-Chair, IPC 

 

The 7th Portuguese Conference on Manoeuvring and Control of Marine Craft 
September 20-22, 2006 • Instituto Superior Técnico • Lisbon, Portugal  
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Program and Communications 
 

Wednesday, 20th of September 
 
 
08:00 – Conference registration starts 

 

09:00 – 09:30 Opening session – Room Amphitheatre 
 

09:30 – 10:30 PLENARY SESSION ROOM AMPHITHEATRE 
MARINE ROBOTS: ADVANCED TOOLS FOR MARINE SCIENCE 
Dana Yoerger (WHOI, USA) 
 

11:00 – 12:20 [WeA-1] CONTROL OF UNDERWATER VEHICLES I 
Chair: Ettore Barros (Univ. São Paulo - USP, Brasil) 
ROOM AMPHITHEATRE 
ROBUST DIVING CONTROL OF AN AUV 
Lionel Lapierre, Vincent Creuze, Bruno Jouvencel (LIRMM, Montpellier, France) 
 
UNDERACTUATED AUV ROBUST CONTROL 
Decio C. Donha, Juan C.C. Luque (Univ. São Paulo - USP, Brasil) 
 
ADAPTIVE CONTROL OF UNDERWATER VEHICLES 
Antonio Tiano, Zoran Lajic (Univ. Pavia, Italy), Marc Carreras (Univ. Girona, Spain) 
 
A 2D HOMING STRATEGY FOR AUTONOMOUS UNDERWATER VEHICLES 
P. Batista, Carlos Silvestre, Paulo Oliveira (IST/ISR, Portugal) 
 

11:00 – 12:20 [WeA-2] POWER AND PROPULSION SYSTEMS 
Chair: Asgeir Sorensen (NTNU, Norway) 
ROOM 02.1 
 
EXPERIMENTAL VALIDATION OF A MARINE PROPELLER THRUST ESTIMATION SCHEME 
L. Pivano, Ø. N. Smogeli, T. A. Johansen, T. I. Fossen (NTNU, Norway) 
 
OVERVIEW OF PROPULSION CONTROL FOR SURFACE VESSELS 
Eivind Ruth, Øyvind N. Smogeli, Asgeir J. Sørensen (NTNU, Norway) 
 
MIMO CONTROLLER CONCEPT FOR VESSELS WITH MODERN STEERING GEARS 
Holger Korte (MATNAV, Germany), Bernhard P. Lampe, Jens Ladisch, Matthias Wulff, 
Cathleen Korte (Univ. Rostock, Germany) 
 
OPERATING CRITERIA FOR DESIGN OF POWER MANAGEMENT SYSTEMS ON SHIPS 
Damir Radan, Øyvind N. Smogeli, Asgeir J. Sørensen, Alf Kåre Ådnanes (NTNU, 
Norway) 
 

11:00 – 12:20 [WeA-3] ROLL MOTION CONTROL 
Chair: Geoff Roberts (Coventry Uv., UK) 
ROOM 02.2 
 
INVERSE CONTROL FOR ROLL STABILIZATION OF SHIPS USING ACTIVE TANKS 
Reza Moaleji, Alistair R. Greig (Univ. College London, UK) 
 
NONLINEAR CONTROL DESIGN FOR INTEGRATED RUDDER ROLL STABILIZATION 
Reza Majecki, Pawel Katebi, Michael J. Grimble (Univ Strathclyde, UK) 
 
THE APPLICATION OF SWITCHED CONTROL FOR SHIP ROLL STABILISATION 
G. Roberts, V. Cournou, B Vinsonneau, K. Burnham (Coventry Uv., UK) 
 
ADVANCED CONTROL STRATEGIES FOR THE ROLL STABILIZATION OF OCEAN 
MOTORYACHTS 
Giulia Gerini, Gianluca Ippoliti, Sauro Longhi, Giuseppe Orlando (Univ. Ancona, Italy), 
Pasquale Scala (ISA Yachts, Ancona, Italy) 
 

14:00 – 15:00 PLENARY SESSION 
ROOM AMPHITHEATRE 
 
INSTRUMENTS FOR MARINE NAVIGATION: A HISTORICAL PERSPECTIVE 
Malhão Pereira (Cmdt. Portuguese Navy) 
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15:00 – 16:20 [WeB-1] CONTROL OF UNDERWATER VEHICLES II 
Chair: Decio Donha (USP, Brasil) 
ROOM AMPHITHEATRE 
 
WEATHER OPTIMAL DYNAMIC POSITIONING OF UNDERACTUATED AUVS USING 
OUTPUT FEEDBACK CONTROL 
Jon e. Refsnes, Asgeir J. Sørensen, Kristin Y. Pettersen (NTNU, Norway) 
 
OBSERVER DESIGN FOR UNDERWATER VEHICLES WITH POSITION AND ANGLE 
MEASUREMENT 
Jon E. Refsnes, Kristin Y. Pettersen, Asgeir J. Sørensen (NTNU, Norway) 
 
NONLINEAR CONTROL OF AN UNDERWATER TOWED VEHICLE 
Francisco C. Teixeira,, A. Pedro Aguiar, António M. Pascoal (IST/ISR, Portugal) 
 
CONTROL OF THE MAYA AUV IN THE VERTICAL AND HORIZONTAL PLANES: THEORY 
AND PRACTICAL RESULTS 
P. Maurya, E. Desa, A. Pascoal, G. Navelkar, R Madhan, A. Mascarenhas, 
S.Prabhudesai, S. Afzulpurkar, A. Gouveia, S. Naroji, L. Sebastiao (NIO, Goa, INDIA 
and IST/ISR, Portugal) 
 

15:00 – 16:20 [WeB-2] VISION IN MARINE ROBOTICS 
Chair: Massimo Caccia (CNR-ISSIA Genova,Italy) 
ROOM 02.1 
 
VISION-BASED SLAM FOR ROVS: PRELIMINARY EXPERIMENTAL RESULTS 
Massimo Caccia (CNR-ISSIA Genova,Italy) 
 
VISION-BASED AUTONOMOUS SURFACE VEHICLE DOCKING MANOEUVRE 
Martins, J. M. Almeida, E. P. Silva (ISEP, Porto, Portugal), F. L. Pereira (FEUP, Porto, 
Portugal) 
 
VISION SYSTEMS IN THE CONTROL OF AUTONOMOUS UNDERWATER VEHICLES 
Jonathan Horgan, Daniel Toal (Univ. Limerick, Ireland) 
 
VISION-BASED CONTROL IN AUTONOMOUS MANIPULATION FOR INTERVENTION 
MISSIONS AUV 
Giacomo Marani (Univ. Hawaii, USA), J. Yuh (NSF, USA) 
 

15:00 – 16:20 [WeB-3] COOPERATIVE SHIP CONTROL 
Chair: Kristin Pettersen (NTNU, Norway) 
ROOM 02.2 
 
CONTROLLER DESIGN FOR A FLEET OF SHIPS 
E. Shimizu (Tokyo University of Marine Science and Technology, Japan), E. Pedersen 
(NTNU, Norway) 
 
AUTONOMOUS SCALED SHIPS FOR EXPERIMENTAL STUDY OF COOPERATIVE MARINE 
ROBOTICS 
C. Leon, J.M. Giron-Sierra, S. Esteban (Univ. Complutense de Madrid, Spain) 
 
A TWO LINKED SHIPS COOPERATIVE SCENARIO 
J.M. Giron-Sierra, A. Dominguez, Carlos Leon (Univ.Complutense, Madrid, Spain) 
 
HYBRID SIMULATION OF THE ALONGSIDE MANOEUVRE OF SHIPS ACTING IN 
COOPERATION 
Francisco J. Velasco, Emiliano Moyano, Eloy López, Amaya Lombera, Teresa M. Rueda, 
José M. Riola (Univ. De Cantabria, Santander Spain, Univ. del País Vasco, Bizkaia, 
Spain and Univ. Politécnica de Madrid, Spain) 
 

16:50 – 18:10 [WeC-1] FORMATION CONTROL 
Chair: João Sousa (FEUP, Portugal) 
ROOM AMPHITHEATRE 
 
LEADER-FOLLOWER DYNAMIC SYNCHRONIZATION OF SURFACE VESSELS 
Erik Kyrkjebø, Kristin Y. Pettersen (NTNU, Norway) 
 
FORMATION CONTROL OF UNDERACTUATED MARINE VEHICLES WITH 
COMMUNICATION CONSTRAINTS 
Even Børhaug, Alexey Pavlov, Reza Ghabcheloo, Kristin Y. Pettersen, António Pascoal, 
Carlos Silvestre (NTNU, Norway and IST/ISR, Portugal) 
 
COORDINATED PATH FOLLOWING CONTROL OF MULTIPLE AUVS IN THE PRESENCE 
OF COMMUNICATION FAILURES AND TIME DELAYS 
Reza Ghabcheloo, A. Pedro Aguiar, António Pascoal, Carlos Silvestre (IST/ISR, 
Portugal) 
 
GUIDED FORMATION CONTROL FOR FULLY ACTUATED MARINE SURFACE CRAFT 
Morten Breivik, Maxim V. Subbotin, Thor I. Fossen (NTNU, Norway) 
 

16:50 – 18:10 [WeC-2] FAULT DETECTION AND TOLERANT SYSTEMS 
Chair: Zoran Vukic 
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Thursday, 21st of September 
 
 
 

ROOM 02.1 
 
FAULT-TOLERANT SENSOR FUSION FOR MARINE NAVIGATION 
Mogens Blanke (Tech. Univ. Denmark, Denmark) 
 
FUZZY FAULT TOLERANT CONTROL IN ELECTRO-HYDRAULIC MARINE CONTROL 
SYSTEMS 
L. F. Mendonça, C. A. Silva, L. F. Baptista (ENIDH-IDMEC, Portugal) 
 
COMPARISON OF TWO FREQUENCY BASED PI METHODS ON SHIPS DYNAMICS 
R. Ferreiro García (Univ. Coruña, Spain), M. Haro Casado (Univ. Cádiz, Spain) 
 

16:50 – 18:10 [WeC-3] MOTION PLANNING 
Chair: Giovanni Indiveri 
ROOM 02.2 
 
MOTION PLANNING FOR THE RENDEZVOUS OF MULTIPLE NONHOLONOMIC VEHICLES 
UNDER CONSTANT DISTURBANCE 
Jorge Silva (ISEP, Porto, Portugal), João Sousa (FEUP, Porto, Portugal) 
 
INTELLIGENT SHIP STEERING SYSTEM (video) 
Roman Śmierzchalski, Andrzej Łebkowski (Gdynia Maritime University; Poland) 
 
ON PLANNING SMOOTH PATHS FOR MARINE VEHICLES 
Giovanni Indiveri, Gianfranco Parlangeli (Univ. Lecce, Italy)  
 
MULTI PSEUDO BANG BANG CONTROL GENETIC OPTIMIZATION FOR SHIP 
TRAJECTORY PLANNING 
J.M. Giron-Sierra, Santiago Cifuentes, Juam Jimenez (Univ.Complutense Madrid, 
Spain) 
 

18:15 – Welcome reception 

08:30 – 09:30 PLENARY SESSION  
ROOM AMPHITHEATRE 
 
FUTURE DEVELOPMENTS AND APPLICATIONS OF MARINE ROBOTICS 
James Bellingham (MBARI, USA) 
 

09:30 – 10:30 [ThA-1] PATH-FOLLOWING AND TRAJECTORY TRACKING  
Chair: L. Lapierre (LIRMM, Montpellier, France) 
ROOM AMPHITHEATRE 
 
LOS PATH FOLLOWING FOR UNDERACTUATED UNDERWATER VEHICLE 
Even Børhaug, Kristin Y. Pettersen (NTNU, Norway) 
 
A PATH-FOLLOWING PREVIEW CONTROLLER FOR AUTONOMOUS UNDERWATER 
VEHICLES 
Nuno Paulino, Carlos Silvestre, Rita Cunha, António Pascoal (IST/ISR, Portugal) 
 
MANOEUVRE-AUTOMATON BASED MOTION PLANNING AND TRAJECTORY TRACKING 
OF AN AUTONOMOUS MARINE VEHICLE 
W. Naeem, C. S. Tan, R. Sutton, J. Chudley (Univ. Plymouth, UK) 
 

09:30 – 10:30 [ThA-2] SHIP MODELLING AND IDENTIFICATION 
Chair: R. Ferreiro (Univ. Coruña, Spain) 
ROOM 02.1 
 
A FREQUENCY-DOMAIN APPROACH TO MODELLING AND IDENTIFICATION OF THE 
FORCE TO MOTION VESSEL RESPONSE 
Tristan Perez, Øystein Lande (NTNU, Norway) 
 
AN IMPROVEMENT IN AIS: THE IDENTIFICATION OF SHIP DYNAMICS 
Manuel Haro Casado (Univ. Cádiz, Spain), Ramon Ferreiro (Univ. Coruña, Spain) 
 
LOW ORDER POTENTIAL DAMPING MODELS FOR SURFACE VESSELS 
Kari Unneland, Thor I. Fossen, Paul Van Dooren, Olav Egeland (NTNU, Norway) 
 

09:30 – 10:30 [ThA-3] AUV MISSION PLANNING 
Chair: R. Katebi (ICC, Univ. of Strathclyde, UK) 
ROOM 02.2 
 
AUTONOMOUS AND DECENTRALIZED MISSION PLANNING FOR CLUSTERS OF UUVS 
L. Giovanini, J. Balderud, R. Katebi (ICC, Univ. of Strathclyde, Glasgow, UK) 
 
SAMPLE: SIMULATION AIDED MISSION PLANNING ENVIRONMENT 
Daniele Cecchi (ISME, Univ. of Pisa, Italy), Stefano Fioravanti (NURC, NATO Undersea 
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Research Centre, Italy) 
 
NEPTUS – A FRAMEWORK TO SUPPORT A MISSION LIFE CYCLE 
José Pinto, Paulo Sousa Dias, Rui Gonçalves, E. Marques, Gil M. Gonçalves, João 
Borges Sousa, F. Lobo Pereira (USTL-FEUP, Portugal) 
 

11:00 – 12:20 [ThB-1] NETWORKED MARINE VEHICLES 
Chair: A. Aguiar (IST/ISR, Portugal) 
ROOM AMPHITHEATRE 
 
RBF-BASED ADAPTIVE ON-LINE PLANNING OF AUV TEAMS ENVIRONMENTAL 
MISSIONS 
Andrea Caiti, Andrea Munafò, Riccardo Viviani (ISME, Univ. of Pisa, Italy) 
 
DESIGN OF A COORDINATED CONTROL SYSTEM FOR MARINE VEHICLES 
M. Barišić, Z. Vukić, N. Mišković (Univ. Zagreb, Croatia)  
 
SEAWARE: A PUBLISH-SUBSCRIBE MIDDLEWARE FOR NETWORKED VEHICLE 
SYSTEMS 
Eduardo R. B. Marques, Gil M. Gonçalves, João B. Sousa (USTL-FEUP, Portugal) 
 

11:00 – 12:20 [ThB-2] MOTION CONTROL OF SURFACE VESSELS 
Chair: A. Tiano (Univ. Pavia, Italy) 
ROOM 02.1 
 
BACKSTEPPING TECHNIQUE FOR THE TRACKING CONTROL OF AN UNDERACTUATED 
SURFACE VESSEL 
J. Ghommam, F.Mnif, A. Benali, N. Derbel and G.Poisson (Lab. de Vision et Robotique, 
France and Ecole Nationale d’Ingenieurs de Sfax, Tunisia) 
 
GUIDED DYNAMIC POSITIONING FOR FULLY ACTUATED MARINE SURFACE VESSELS 
Morten Breivik, Jann Peter Strand, Thor I. Fossen (NTNU, Norway) 
 
MOTION CONTROL CONCEPTS FOR TRAJECTORY TRACKING OF FULLY ACTUATED 
SHIPS 
Morten Breivik,Thor I. Fossen (Centre for Ships and Ocean Structures, NTNU, Norway) 
 
PATH-FOLLOWING CONTROLLER FOR THE DELFIMx AUTONOMOUS SURFACE CRAFT 
Pedro Gomes, Carlos Silvestre, António Pascoal, Rita Cunha (IST/ISR, Portugal)  
 

11:00 – 12:20 [ThB-3] COLLISION AVOIDANCE SYSTEMS  
Chair: Yoshitaka Furukawa (Kyushu Univ., Fukuoka, Japan) 
ROOM 02.2 
 
DEVELOPMENT OF AUTOMATIC COLLISION AVOIDANCE SYSTEM USING THE 
CONCEPT OF BLOCKING AREA 
Katsuro Kijima, Yoshitaka Furukawa, and Hiroshi Ibaragi (Kyushu Univ., Fukuoka, 
Japan) 
 
AN ULTRASONIC SENSOR FOR CLOSE RANGE COLLISION AVOIDANCE ON AUVS 
Seán Nolan and Daniel Toal (Mobile and Marine Robotics Research Group, Univ. of 
Limerick, Ireland) 
 
A CONTROL STRATEGY FOR FAST OBSTACLE AVOIDANCE IN TROUBLESOME 
SCENARIOS: APPLICATION IN UNDERWATER CABLE TRACKING 
Javier Antich, Alberto Ortiz, Gabriel Oliver (Univ. Balearic Islands, Spain) 
 

14:00 – 15:00 PLENARY SESSION 
ROOM AMPHITHEATRE 
 
COLLABORATIVE VEHICLES IN FUTURE NAVAL MISSIONS, OBSTACLE DETECTION 
AND AVOIDANCE 
Anthony Healey (Naval Postgraduate School, Monterey, CA, USA) 
 

15:00 – 16:00 [ThC-1] UNDERWATER POSITIONING  
Chair: G. Conte (University Marche, Ancona, Italy) 
ROOM AMPHITHEATRE 
 
SIMULTANEOUS ACOUSTIC NAVIGATION OF MULTIPLE AUVS 
Aníbal Matos, Nuno Cruz (ISR, Univ. do Porto, Portugal)  
 
A NONLINEAR FILTER FOR RANGE-ONLY ATTITUDE AND POSITION ESTIMATION 
A. Alcocer, P. Oliveira, A. Pascoal (ISR / IST, Lisboa, Portugal)  
 
USE OF A RANGEMETER IN ADVANCED AND MODULAR SUBSEA POSITIONING 
SOLUTIONS 
François Crétollier, Pierre-Yves Morvan (iXSea SAS, France)  
 

15:00 – 16:00 [ThC-2] Marine Systems Modelling  
Chair: T. Perez (NTNU, Norway) 
ROOM 02.1 
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Friday, 22nd of September 
 
 
 

EFFECTS OF A MUDDY BOTTOM ON THE STRAIGHT-LINE STABILITY 
Guillaume Delefortrie, Marc Vantorre (Ghent Univ., Belgium) 
 
PROGRESS TOWARDS A METHOD FOR PREDICTING AUV DERIVATIVES 
Ettore A De Barros ( USP, Brasil), António M Pascoal (IST/ISR, Portugal), Elgar De Sa 
(NIO, Goa, India) 
 
MODELLING AND CONTROL OF COLLIDING TOP TENSIONED RISERS IN DEEP 
WATERS 
Anne M. Rustad, Carl M. Larsen, Michael S. Triantafyllou, Franz S. Hover, André H. 
Jacobsen, Asgeir J. Sørensen (NTNU, Norway and MIT, USA )  
 

16:20 – 17:20 [ThD-1] Navigation I 
Chair: L Whitcomb (Johns Hopkins University, USA) 
ROOM AMPHITHEATRE 
 
BLUEFIN LOW-COST UUV NAVIGATION SYSTEM AND PERFORMACE 
Scott Willcox, Jerome Vaganay (Bluefin Robotics Co., Cambridge, MA, USA) 
 
USBL/INS INTEGRATION TECHNIQUE FOR UNDERWATER VEHICLES 
M. Morgado, P. Oliveira, C. Silvestre, J.F. Vasconcelos (ISR/ IST, Portugal) 
 
MULTI-VEHICLE COOPERATIVE NAVIGATION AND AUTONOMY WITH THE BLUEFIN 
CADRE SYSTEM 
Scott Willcox, Dani Goldberg, Jerome Vaganay (Bluefin Robotics Co., Cambridge, MA, 
USA) 
Joseph A. Curcio (MIT, Cambridge, MA, USA) 
 

16:20 – 17:20 [ThD-2] Ship Manoeuvring and Control I  
Chair: Tayfun Cimen (Turkish Naval Research Center Command, Turkey) 
ROOM 02.1 
 
A SHIP’S MINIMUM TIME APPROACHING CONTROL FOR AUTOMATIC BERTHING 
USING NEURAL NETWORK AND MODEL PREDICTIVE COMPENSATOR 
Naoki Mizuno (Nagoya Inst. of Tech., Nagoya JAPAN), Makoto Takasu (Nagoya 
Railroad Co.,Ltd., Nagoya JAPAN), Tadatsugi Okazaki (National Maritime Research 
Inst., Tokyo JAPAN) Kohei Ohtsu (Tokyo Univ. of Marine Sci. and Tech., Tokyo JAPAN) 
 
 
ON-LINE NONLINEAR OPTIMAL MANEUVERING CONTROL OF LARGE TANKERS IN 
RESTRICTED WATERWAYS 
Tayfun Çimen (ARMERKOM, Istanbul, Türkiye and(ROKETSAN Missiles Industries Inc., 
Ankara Türkiye)  
 
THE VALUATION FOR EXTERNAL DISTURBANCES ON SHIP MANEUVERABILITY 
Katsuro Kijima, Yoshitaka Furukawa (Kyushu Univ., Fukuoka, Japan,), Kimihiro Yano 
(Toyata Motor Co., Toyota, Japan), Ichiro Aoki (Oshima Shipbuilding Co., Ltd., 
Nagasaki, Japan)  
 

16:20 – 17:20 [ThD-3] CONTROL OF MARINE SYSTEMS 
Chair: B. Lampe (University of Rostock, Germany) 
ROOM 02.2 
 
A CONTROL FOR TRACKING AND STABILIZATION OF AN UNDERACTUATED NON-
LINEAR R.C. HOVERCRAFT 
Joaquín Aranda, Dictino Chaos, Sebastián Dormido-Canto, Rocío Muñoz, José Manuel 
Díaz (UNED, Spain) 
 
PREDICTIVE CONTROL IN HEAVY-LIFT OFFSHORE MARINE OPERATIONS 
Saverio Messineo, Tristan Perez, Olav Egeland (NTNU, Norway)  
 
DIGITAL CONTROL WITH GUARANTEED PERFORMANCE UNDER NON-CENTERED 
STOCHASTIC DISTURBANCES 
V.O. Rybinskii, E.N. Rosenwasser, B.P. Lampe (Univ. Ocean Technology, Russia and 
Univ. Rostock, Germany) 
 
SLIDING CONTROLLER FOR SHIP COURSE STEERING 
Mirosław Tomera, Roman Śmierzchalski (Gdynia Maritime University, Poland)  
 

20:00 – 22:00 Banquet - Oceanarium, Expo98 

08:30 – 09:30 PLENARY SESSION 
ROOM AMPHITHEATRE 
 
A SURVEY OF UNDERWATER VEHICLE NAVIGATION: RECENT ADVANCES AND NEW 
CHALLENGES 
Louis Whitcomb (Johns Hopkins University, USA) 
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09:30 – 10:50 [FrA-1] MODELING AND CONTROL OF MARINE VEHICLES 
Chair: Sauro Longhi (Univ. Polit. delle Marche, Ancona, Italy) 
ROOM AMPHITHEATRE 
 
PITCH MOTION STABILIZATION BY PROPELLER SPEED CONTROL USING STATISTICAL 
CONTROLLER DESIGN 
Toshihiko Nakatani (Toyama Nat. College of Maritime Technology, Japan), Mogens 
Blanke (Tech. Univ. Denmark and CeSOS, NTNU, Norway), Roberto Galeazzi (Tech. 
Univ. Denmark) 
 
CONTROL STRUCTURE FOR TRAWL SYSTEMS 
Karl-Johan Reite, Vegar Johansen (SINTEF, Norway), Asgeir J. Sørensen (NTNU, 
Norway) 
 
A 4-DOF SIMULINK MODEL OF A COASTAL PATROL VESSEL FOR MANOEUVRING IN 
WAVES 
Tristan Perez, Andrew Ross, Thor. I. Fossen (NTNU, Norway) 
 
SELF-COORDINATION TECHNIQUE FOR UNDERWATER MOBILE MANIPULATORS 
Giuseppe Casalino, Alessio Turetta (DIST, Univ. of Genova, Italy) 
 
CONTROL-ORIENTED MODELING OF A TWO-BODY INTERCONNECTED MARINE 
STRUCTURE 
Mícheál Ó’Catháin, Thor I. Fossen, Bernt J. Leira (NUIM, Ireland and NTNU, Norway)  
 

09:30 – 10:50 [FrA-2] SIMULATORS AND VIRTUAL LABS 
Chair: Pere Ridao (Univ. Girona, Spain) 
ROOM 02.1 
 
REMOTE TRAINING IN AUV CONTROL USING HIL SIMULATORS 
P. Ridao, E. Hernandez, N.Palomeras, M. Carreras (Univ. of Girona, Spain) 
 
VIRTUAL UNDERWATER LAB: EFFICIENT TOOL FOR SYSTEM INTEGRATION AND UUV 
CONTROL DEVELOPMENT 
E. Omerdic, J. Riordan, L. Molnar, and D. Toal (Mobile & Marine Robotics Research 
Centre, Univ. of Limerick, Ireland) 
 
REAL-TIME SONAR SIMULATOR INTEGRATED WITH VEHICLE CONTROL AND 
NAVIGATION FOR OCEAN-FLOOR MAPPING APPLICATIONS IN SURVEY-SCALE 
ENVIRONMENTS 
James Riordan, Edin Omerdic, Levente Molnar, Daniel Toal (Mobile & Marine Robotics 
Research Centre, Univ. of Limerick, Ireland) 
 
WAVESIM - WATER VEHICLE SIMULATOR 
António Santos, Aníbal Matos (Ocean Systems Group, Univ. Porto, Portugal) 
 

09:30 – 10:50 [FrA-3] ROV/AUV Development 
Chair: Elgar de Sa (NIO, Goa, India) 
ROOM 02.2 
 
ROMEO ROV ANTARCTIC EXPLOITATION FOR BENTHIC RESEARC  
R. Bono, Ga. Bruzzone, Gi. Bruzzone, M. Caccia, E. Spirandelli, G. Veruggio (CNR-
ISSIA, Italy) 
 
MECHANICAL DESIGN AND DEVELOPMENT ASPECTS OF A SMALL AUV – MAYA 
R. Madhan, Elgar Desa, S. Prabhudesai, , L. Sebastiao, Antonio Pascoal, Ehrlich Desa, 
A. Mascarenhas, Pramod Maurya, G. Navelkar, S. Afzulpurkar, S. Khalap (NIO, India 
and IST/ISR, Portugal) 
 
DESIGN OF AGENT-NET BASED CONTROL SYSTEM OF MARINE SYSTEM 
Ikuo Yamamoto (MARITEC, Japan Agency for Marine-Earth Sci. and Tech.) 
 
UNDERWATER RESEARCH VEHICLES IN EUROPE: THE EUROCEAN DATABASE 
Marta Entradas, Laurent d´Ozouville (EurOcean Office, Lisbon, Portugal), António 
Pascoal (IST/ISR, Portugal) 
 

11:20 – 12:20 [FrB-1] NAVIGATION II 
Chair: R. Sutton (University of Plymouth, UK) 
ROOM AMPHITHEATER 
 
SOFT COMPUTING DESIGN OF A MULTI-SENSOR DATA FUSION SYSTEM FOR AN 
UNMANNED SURFACE VEHICLE NAVIGATION 
T. Xu, J. Chudley, R. Sutton (Univ. Plymouth, UK) 
 
AN APPROACH TO UNDERWATER SLAM USING MECHANICAL SCANNING SONAR 
G. Conte, S. M. Zanoli, L. Gambella, D. Scaradozzi (Univ. Marche, Italy) 
 
AUV LOCALIZATION IN STRUCTURED UNDERWATER ENVIRONMENTS USING AN A 
PRIORI MAP 
David Ribas, José Neira, Pere Ridao, Juan D. Tardós (Univ. Girona, Spain and Univ. 
Zaragoza, Spain) 
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11:20 – 12:20 [FrB-2] DYNAMIC POSITIONING I 
Chair: E. Tannuri (Univ. São Paulo, Brasil) 
ROOM 02.1 
 
CLARIFICATION OF THE LOW-FREQUENCY MODELLING CONCEPT FOR MARINE CRAFT 
Andrew Ross, Tristan Perez, Thor. I. Fossen (NTNU, Norway) 
 
STABILITY AND PERFOMANCE OF THE STATION-KEEPING FOR FULLY ACTUATED 
VESSELS WITH NON-LINEAR PID CONTROL 
A. González, M. García (NAVANTIA, Spain), A. Ollero (Univ. Seville, Spain) 
 
TOWARDS STATION-KEEPING USING GPI CONTROLLERS 
Jérôme Jouffroy (NTNU, Norway) 
 

14:00 – 15:00 PLENARY SESSION  
ROOM AMPHITHEATRE 
 
TIME DOMAIN MODELS OF MARINE SURFACE VESSELS BASED ON SEAKEEPING 
COMPUTATIONS 
Tristan Perez (NTNU, Norway) 
 

15:00 – 16:00 [FrC-1] DYNAMIC POSITIONING II 
Chair: J. Jouffry (NTNTU, Norway) 
ROOM AMPHTHEATRE 
 
POSITION MOORING BASED ON STRUCTURAL RELIABILITY 
Per Ivar Barth Berntsen, Ole Morten Aamo, Bernt J. Leira (NTNU, Norway) 
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Abstract: There are marine operations involving the cooperation of several marine crafts. 
For instance spill over confinement, rescue, towing, etc. In this paper we present 
autonomous scaled ships that have been developed for the experimental study of marine 
cooperation scenarios. The target that is kept in mind is to add some automatization into 
the operation of real scale ships, using on-board computers helping the captains to take 
decisions. The scaled autonomous ships can behave as physical situated agents, 
exchanging messages between them. A ship language has been developed, and an on-
board interpreter for this language has been developed. 
 
 
Keywords: Ship control, mobile robots, co-operative control, co-ordination, marine 
systems. 

 
 
 

 
1. INTRODUCTION 

 
Usually mobile robotics research lives on land, with 
wheeled or legged crafts. Recently autonomous, 
unhabited, vehicles attracted a great deal of interest, 
with aerial and submarine versions. Some of the 
research activities have focused also on surface 
marine crafts. An important part of our present 
research belongs to this approach, translating to the 
ship area some pressing robotic issues such is the case 
of cooperation between physical situated agents. 
 
A first, pertinent review of cooperative robotics can 
be found in (Cao, et al., 1997). More recently (Parker, 
2000) made an overview of the state of the art in 
distributed robot systems, and (Farinelli, et al., 2004) 
presented a classification of multi robot systems. 
Interesting new topics have been introduced in 
(Kumar, et al., 2005).  
 
The case of formation control has attracted a lot of 
interest, so there are many papers on this, with 
representative examples such (Balch and Arkin, 1998; 

Tanner, et al., 2004). In (Ikeda, et al., 2005) the topic 
was translated to UAVs, with the precedent of 
(Stilwell and Bishop, 2000) about platoons of 
underwater vehicles. Likewise, there are papers on 
ship formation control (Skjetne, et al., 2003). 
 
Interesting work on marine crafts coordination can be 
found in (Johansen, et al., 2003) on towing, 
(Kyrkjebo and Pettersen, 2003; Kyrkjebo, et al., 
2004) on ship rendez-vous operations, (Morishita, et 
al., 2004) on offloading operations, and (Soetanto, et 
al., 2003) on coordinated motion control. 
 
In our research a set of scenarios requiring ship 
cooperation have been selected. For instance spill 
over confinement, different types of formations, and 
rescue operations. The target of the research is to 
propose ways of automatization, by means of verbal 
orders between computers on the bridge of the ships 
involved in an operation (under the supervision of 
captains). 
 
Indeed the research can progress only in terms of 
computer simulations. However, we wish to have 



 

     

experimental verification, since in a research with a 
marked accent of initial exploration it is fruitful to run 
experiments, to promote discovering. 
 
Since some experience has been gained with our 
research with scaled fast ships, for seakeeping control 
purposes, we take advantage of it to develop a set of 
autonomous scaled ships for robotic cooperation 
studies on water surface. 
 
The paper begins with a description of a scaled 
autonomous ship which is the basis of our 
experimental work. Then the paper focuses on the 
ship behaviour control, including communications 
aspects. This is continued with a brief outline of ship 
cooperation implementation. Finally a series of ship 
cooperation experiments, done in a large basin, are 
shortly described (will be presented with several 
videos). 
 
 

2. THE AUTONOMOUS SCALED SHIP 
 
Suppose an experimental scenario where two robot 
ships tow a boom, and deploy it for spill over 
confinement. The autonomous ships must know 
where they are, must control their motion, and must 
exchange messages. These are the main functions that 
an on-board system must assume. 
 
Figure 1 shows a block diagram with the hardware 
that executes the functions that have been 
implemented for our ships. This is the hardware that 
we are going to control. 
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Figure 1: Block diagram of the ship on-board 

system 

 
The heart of the on-board system is a low-power 
small size embedded PC. We added a digital compass 
with good precision and adequate sampling rate. A 
digital packet radio link has been included, for the 
ships to exchange messages. This radio manages 
important things like the media access control. With 
the servo controller, the system can easily control 

many servos, 8 in our ships: this has been useful for 
ship’s heading and speed control. We also have 
included a digital wireless receiver, which we use to 
give simple digital signals, like reset and some others 
that the processor can handle. The rest of the system 
is a manual radio-controlled system, used to move 
and rescue the ships in case of fail. The system then 
connects to some servos, the actuators that will move 
the ships. 
 
The on-board system has been put into a hermetic 
box, with connectors. This box can be seen as a black 
box; only taking care of its inputs, power and control 
signals; and outputs, servo connections and info 
signals (status leds, in this implementation). This way 
the box can be used in a wide range of autonomous 
vehicles, even real scale, for many different 
applications: not only ships, although it is heavily 
focused on this. This is the reason why we denote this 
as the “Universal Box”. Figure 2 shows a photograph 
of it. 
 
 

 
Figure 2: The ‘Universal Box’ 

 
For our initial experiments two scaled ships have 
been completely built, and three more are under way. 
The ships use orientable waterjets for propulsion and 
motion control. One box is inside every ship. Figure 3 
and Figure 4 show a photograph of them. 
 
 

 
Figure 3: Frontal view of the scaled ships 

 



 

     

 

 
Figure 4: Lateral view of the scaled ships 

 
 

3. BEHAVIOUR OF THE SHIP 
 
Figure 5 shows a diagram with the software 
architecture of the program, which governs the ship 
behaviour: 
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Figure 5: On-board software architecture 

 
As depicted in the figure, we have a main process that 
uses lower modules, organized as a software library.  
This library offers high level routines to handle the 
ship, and isolates coordination, decision and control 
from low level tasks, like timers, virtual machine 
execution and serial port communication. These tasks 
work in a parallel way, simulating real multi-
threading with techniques like non-blocking calls and 
active polling. With this design, every ship uses the 
same library, and we only have to program the 
particular behaviour of each one. 
 
The ships offer public, particular functions that we 
can call in ship-language programs to test different 
solutions and algorithms in experimental 
environments, programming them remotely, as 
explained later. 
 
There are some things about architecture that should 
be noted. We have a layered design, in which each 
module interacts only vertically. A software module 
never calls or receives information from a module of 
the same level in the architecture: it only uses the 

services provided by the inferior layers, and provides 
services to the higher level modules. This way we 
keep the software uncoupled, and gain power with 
reusability and encapsulation. Only the main module 
of each ship uses all the components of the system, 
calling the functions offered in the library, 
maintaining a centralized process based on services. 
This could seem excessive for an embedded 
application, heavily oriented to hardware control, but 
the experiments and continuous tests have proven that 
this way the research is faster and easier. 
 
Perhaps the most important feature that has been 
implemented is our ship-language, and the ship-
language interpreter. With this ship-language the 
ship behaviour (motions, manoeuvres, exchange of 
messages and orders) can be defined. Our intention is 
to research and create a language that allows defining 
complete and complex enough experiments, from the 
beginning to the end of the tests. This simple but 
powerful language somehow resembles a simple 
scripting language. It’s intended to be very clear and 
small; not only for a computer science expert but for 
any technical discipline expert who knows the 
principles of high level programming. 
 
We have developed a compiler that translates high 
level code (ship-code) to stack language code that the 
ships can run. This translation produces faster, 
smaller and simpler to execute code, which is 
fundamental for our processor. Once written and 
compiled in the central computer, the code is packed 
and sent to the ship, which can then execute it. 
 
Figure 6 shows a diagram about the ship-language 
interpreter: 
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Figure 6: ‘Ship-language’ interpreter 

 
The previous figure depicts how does the stack 
language code executor (in a global view) works. 
There is a low level machine (the virtual machine 
itself) that handles low level control orders coded in 
stack language: conditionals, jumps, arithmetic-
logical operations and local memory transactions. 
When the virtual machine executes an order that is 
not on his repertory, it “gives” it to the function 
manager, which is located on the main module and 
runs very high level orders like “go to”, “send 
message” or “set speed”. The important thing of this 
manager is that it enables communication between the 
virtual machine and the rest of the system: shared 



 

     

data, ship control, communication, timer, and others. 
Each ship exports all those functions that it can 
execute, and there are many of them that all the ships 
can handle. But it’s important to note that each ship 
can execute the same function in a different way (the 
ships are not equal), and that some ships will have 
some unique functions. 
 
For example, the language can be used to program 
how to capture a buoy. We have two ships, 1 and 2. 
Ship 1, the leader, goes to the buoy, and waits for ship 
2 to arrive. Then, they both return to the base with the 
buoy. The ship-code of ship 1 could be like the 
following (Figure 7): 
 
 
 
# Ship 1 code 
 
# Environment variables 
xBase = 10 
yBase = 20 

 
# Go to automatic mode 
automaticMode() 
 
# The ship must be 3 meters away from ship 1 
keepDistance(2, 3) 
 
# We are the group leader 
sendLeader(1) 
 
# Set speed 
speed(4) 
 
# First we go to the buoy, which can 
# be moving 
while not reachBuoy() 
    xBuoy, yBuoy = getBuoyPosition() 
    setDestiny(xBuoy, yBuoy) 
end 
 
# Face south 
orientation(270) 
 
# We wait for ship 1, then we continue 
stop() 
waitForArriveSignal(2) 
speed(4) 
 
# We signal ship 2, and it will know 
# that it should continue with its program 
sendContinueSignal(2) 
 
# On board algorithm to capture the buoy. 
# When the ship captures the buoy, with 
# the help of its team, the program 
# can continue 
captureBuoy() 
 
# If everything went ok, we return to base. 
# Else, we send an error message. 
if buoyCaptured() 
    signal(‘Returning to base’) 
    setDestiny(xBase, yBase); 
else 
    signalError(‘Can’t capture buoy’) 
end 

 
 

Figure 7: Example of ‘ship-language’ 

 

4. COMMUNICATION 
 
Ships’ communication protocol is based on many 
common and simple techniques of net topologies. 
Communication is one of the most important matters 
of this research, that’s why we have put much effort 
on correctness and effectiveness.  
 
Many classic net systems usually keep track of errors 
with an acknowledge packet (ACK), which, in our 
case, saturates the communication: two packets for 
one unit of information. Unlike that, we use a 
‘WHAT’ message, which indicates that something 
has not been well recognized. When a ship receives a 
message and finds that it has no sense, it sends this 
type of signal to the sender ship, which interprets it as 
a petition of resending some packet. 
 
Our radio link is very reliable (in many experiments 
we have had no errors at all), and the radio-modems 
we use control media access and packet collision, so 
we have only to take care of signal transmission 
errors, that’s why we have applied these ideas. 
 
 

5. COOPERATION 
 
There are several conceptual alternatives that can be 
considered to implement cooperation protocols. The 
idea we adopted is to use a “shared memory”. All 
ships have a copy of the shared memory, which keeps 
track of the status of each ship, and enables every unit 
to suppose what the other ships are doing. This 
memory is periodically refreshed with info-packets 
from the units of the team, and can be considered as 
the state memory of the group. We use typical cache 
memory techniques to maintain coherency and 
consistency inside the team of ships, because every 
ship must know the newer values of every variable. 
Any unit in the group can set any variable of any ship, 
because probably the external unit (other ship, or a 
human managing the base), knows better the value of 
some variable. 
 
With this shared memory we share not only status 
data like position and orientation, but also high level 
knowledge like intentions and believes about the 
environment, which are crucial for cooperative 
behaviour, intelligent behaviour and decision making. 
With this approach, for example, a ship can share its 
objective, and other ship, without an explicit order, 
can help the first ship. 
 
Figure 8 shows a diagram with the shared memory 
concept: 
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Figure 8: Shared memory concept 

 
With all these concepts we can build an agent 
cooperation system, based on common information 
and explicit orders. According to an object-oriented 
perspective, each ship takes own decisions. We know 
every ship can run a set of defined orders, but the 
same order is obeyed in a different way by each 
different ship. A patrol ship has not the same dynamic 
characteristics as a tanker, and they should not behave 
the same way. 
 
 

6. EXPERIMENTS 
 
Experiments are done using a 150m x 30m basin. 
This is one of the basins in a towing tank facility 
(Canal de Experiencias Hidrodinámicas de El Pardo, 
CEHIPAR) which is near our university. The basin 
has a wavemaker. 
 
Our initial experiments focused on the individual 
behaviour of the autonomous ship. Several 
manoeuvring experiments have been done, to obtain 
simple dynamic models of the ship, and to develop 
and test the motion control. 
 
Initial cooperation scenarios have been defined for 
experimental study. Experiments on two formation 
cases have been already done. 
 
An experimental support system has been developed. 
This system consists in a portable computer with a 
digital radio link that can exchange information with 
the ships from ashore. The behaviour of the ships can 
be programmed from distance, using this support 
system and programs written in ship-language, so we 
can give orders and watch the results. We can see the 
progress of the experiments and the internal status of 
the ships with a 3D graphical interface, and get the 
data collected during the experiments, which can we 
use for reproduction of an experiment, analysis and 
behaviour interpretation. We show a snapshot of this 
tool in Figure 9. 
 
 
 

 
Figure 9: Control application 

 
Figure 10 shows a diagram with the experimental 
support system: 
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Figure 10: The experimental support system 

 
We can see, in Figure 11, a photograph of an 
experiment, with two ships towing a buoy towards the 
base: 
 
 

 
Figure 11: Two autonomous ships towing a buoy 

 
 

7. CONCLUSION 
 
The paper presented scaled autonomous ships for 
cooperative robotic studies in marine scenarios. The 
on-board system and the ship behaviour are 
described. The main ideas for cooperation 



 

     

implementation have been introduced. Some initial 
experiments have been commented. 
 
In the future the experimental scenarios will become 
more complex, and, as complexity grows, perhaps the 
“ship-language” should be empowered to cover more 
requirements of the experiments, allowing it to 
express higher level orders that ships should 
understand, so that we need no sequential programs to 
express operations. 
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