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Thematic Area B: Robotic Monitoring and Surveillance
Short Activity Report – for FEDER forms purposes
2006
1 –SHORT REPORT OF ACTIVITIES 
During 2006 the work in thematica area B has progressed without major deviations from what was planned. 

We addressed the topic of Learning Cooperative Navigation in the Absence of Communication, tackling mobile robot navigation from a learning perspective. We address robotic navigation tasks in which a robot or a group of robots must navigate from some initial location (configuration) to some final location (configuration). We propose the use of reinforcement learning to tackle such navigation tasks.  We studied problems such as coordination and equilibrium selection, partial observability and absence of explicit communication. 
We extended previous work on formation flying spacecraft by estimating the 6 DoF formation full state at each spacecraft using a low communication decentralized solution. A Bayesian approach to sensor fusion for cooperative perception of objects observed by a team of sensors (including mobile robots), which relies on a general PDF was developed. We introduced an optimal centralized control solution to maximize the probability of the robotic population presence in a given region, inspired on past work on stochastic hybrid automata modeling of cell populations.

The work on surveillance and understanding of human activity progressed in tow main directions. On one hand we worked on the the classification of human activities from short segments of video. In addition, we explicitely addressed the problem of temporal modeling using HMMs and CMMs.

Regarding the work on gesture recognition and robotic assistance, we made significant progress both in terms of hardware and algorithms. The head of the iCub robot has undergone further development and has now been duplicated in different European Countries and in Japan. A substantial part of work in artificial cognition was dedicated to learning object affordances from observation and interaction (of the robot) with objects.
2 – INDICATORS IN 2006   (published and/or presented papers)
	A – Publications
	 

	 
	Books (author)
	

	 
	Books (editor)
	

	 
	Books (chapters in books)
	4

	 
	Papers in international journals
	7

	 
	Papers in national journals
	2

	B – Comunications
	

	 
	In international conferences
	26

	 
	In national conferences
	5

	C- Reports
	5

	D – Organization of Seminars and Conferences
	3

	E – Advanced Training
	

	 
	Ph.D Thesis
	1

	 
	M.Sc Thesis
	3

	 
	Other
	

	F – Models
	

	G – Software Applications
	1

	H - Pilot Instalations
	9

	I - Laboratory Prototypes
	

	J - Patents 
	

	K – Others
	

	L – Invited Oral Presentations
	7


3 – DESCRIPTION OF INDICATORS IN 2006
A - 1) BOOKS (author)

A - 2) BOOKS (EDITOR)

A-3) CHAPTERS IN BOOKS (4)
[1]  João Sequeira, M. Isabel Ribeiro, “Human-Robot Interaction and Robot Control”, Lectures Notes in Control and Information Sciences, Robot Motion and Control: Recent Developments, Krzystzto Kozlowsky (Ed.), Vol. 335, pp. 375-390, 2006.

[2]  Multi-Robot Systems, Pedro Lima, Luís Custódio, Chapter I of Innovations in Robot Mobility and Control, S. Patnaik, S. Tzafestas (Eds.). Springer Verlag, Berlin, 2006.
[3]  Constança Oliveira e Sousa, Luís Custódio, ``Dealing with Errors in a Cooperative Multi-agent Learning System'', in Lecture Notes in Computer Science, Volume 3898, pp. 139-154, Editors:  Karl Tuyls, Pieter Jan 't Hoen, Katja Verbeeck, Sandip Sen,  Springer, 2006.
[4]  João Sequeira, M. Isabel Ribeiro, ``Semiotics and Human-Robot Interaction”, To be published in Informatics in Control, Automation and Robotics III, J. Cetto, J.L. Ferrier, J. Pereira, J. Filipe (editors), Springer Berlin/Heidelberg, 2006
A -4) IN INTERNATIONAL JOURNALS (7)
[1]  João Sequeira, M. Isabel Ribeiro, “A Semiotic Approach to the Control of Semi-Autonomous Robots”, International Journal of Systems Science, Taylor & Francis, Vol. 37, N. 6, pp. 361-376, 2006.

[2]  D. Milutinovic, Pedro Lima, “Modeling and Optimal Centralized Control of a Large-Size Robotic Population”, IEEE Transactions on Robotics, Vol. 22, Issue: 6, pp.1280-1285, 2006.

[3]  J. Melo, A. Naftel, Alexandre Bernardino, José Santos-Victor, “Detection and Classification of Highway Lanes Using Vehicle Motion Trajectories”, IEEE Transactions on Intelligent Transportation Systems, Vol. 7, Issue 2, 2006.

[4]  Alexandre Bernardino, José Santos-Victor, “Fast IIR Isotropic 2D Complex Gabor Filters with Boundary Initialization”, IEEE Transactions on Image Processing, Vol. 15, Issue 11, pp. 3338-3348, 2006.

[5]  R. Carelli, José Santos-Victor, F. Roberti, S. Tosetti, “Direct visual tracking control of remote cellular robots”, Journal of Robotics and Autonomous Systems, Elsevier, 54, pp. 805-814, 2006.

[6]  J. Minguez, L. Montano, José Santos-Victor, “Abstracting Vehicle Shape and Kinematic Constraints from Obstacle Avoidance Methods”, Autonomous Robots, Vol. 20, pp. 43-59, 2006.
[7]  J. C. Nascimento, J. S. Marques. "Performance Evaluation of Object Detection Algorithms for video Surveillance", IEEE Transaction on Multimédia, vol. 8, no. 4, August, pp. 761-774, 2006.
A-5) IN NATIONAL JOURNALS (2)

 [1] G. Almeida, José Santos-Victor, Pedro Lima, “Controlo de um Manipulador Robotico Usando Visão”, Robótica, No. 62, 2006.

[2] D. Cabecinhas, Jacinto Nascimento, J. Ferreira, P. Rosa, Pedro Lima, “Self-Localization Based on Kalman Filter and Monte Carlo Fusion of Odometry and Visual Information”, Robotica, No. 65, 2006. 

B-1) IN INTERNATIONAL CONFERENCES (26)
[1]  D. Dimitriu, Sónia Marques, Pedro Lima, B. Udrea, “Decentralized, Low-Communication State Estimation and Optimal Guidance of Formation Flying Spacecraft”, Proc. 16th AAS/AIAA Space Flight Mechanics Conference, Tampa, Florida, USA, 2006.

[2]  Valdinei Silva, A. Costa, Pedro Lima, “Inverse Reinforcement Learning with Evaluation”,  Proc. of ICRA2006 - IEEE International Conference on Robotics and Automation, Orlando, Florida, USA, 2006.

[3]  C. Marques, J. Cristovão, Pedro Lima, João Frazão, M. Isabel Ribeiro, Rodrigo Ventura, “RAPOSA: Semi-Autonomous Robot for Rescue Operations”, Proc. of IROS2006 - IEEE/RSJ International Conference on Intelligent Robots and Systems, Beijing, China, 2006.

[4]  Margarida Silveira, Jorge Salvador Marques, “Automatic segmentation of the lungs using multiple active contours and outlier model”, Proc. 28th IEEE EMBS Annual International Conference, pp. 3122-3125, New York, USA, 2006.

[5]  Rita Cunha, Duarte Antunes, Pedro Gomes, Carlos Silvestre, “A Path-Following Preview Controller for Autonomous Air Vehicles”, Proc. AIAA Guidance Navigation and Control Conference, Keystone, CO, USA, 2006.

[6]  José Vasconcelos, Carlos Silvestre, Paulo Oliveira, “Embedded Vehicle Dynamics and LASER Aiding Techniques for Inertial Navigation Systems”, Proc. AIAA Guidance Navigation and Control Conference, Keystone, CO, USA, 2006.

[7]  João Sequeira, M. Isabel Ribeiro, “Semiotics and Human-Robot Interaction”, Proc. ICINCO2006 - 3rd International Conference on Informatics, Control, Automation and Robotics, Setúbal, Portugal, 2006.

[8]  Mário Florêncio, Pedro Agostinho, João Sequeira, “Automatic Parallel Parking of Car-Like Robots”, Proc. ISR2006 - 37th International Symposium on Robotics, Munich, Germany, 2006.

[9]  Nuno Hagenfeldt, João Sequeira, “Ray-Trace Ranging”, Proc. IAC2006 - 57th International Astronautical Congress, Valencia, Spain, 2006 

[10]  J. Ferreira, Alexandre Bernardino, “Acquisition of 3D Regular Prismatic Models in Urban Environments from DSM and Orthoimages”, Symposium on Computational Modelling of Objects Represented in Images: Fundamentals, Methods and Applications, Coimbra, Portugal, 2006.

[11]  Plinio Moreno, Alexandre Bernardino, José Santos-Victor, “Model Based Selection and Classification of Local Features for Recognition Using Gabor Filters” Proc. ICIAR2006 - International Conference on Image Analysis and Recognition, Póvoa de Varzim, Portugal , 2006.

[12]  Manuel Lopes, José Santos-Victor, “Learning sensory-motor maps for redundant robots”, Proc. IROS2006 - IEEE/RSJ International Conference on Intelligent Robots and Systems, Beijing, China, 2006.

[13]  N. Mansard, Manuel Lopes, José Santos-Victor, F. Chaumette, “Jacobian Learning Methods for Tasks Sequencing in Visual Servoing”, Proc. IROS2006 - IEEE/RSJ International Conference on Intelligent Robots and Systems, Beijing, China, 2006.

[14]  Jonas Hörnstein, Manuel Lopes, José Santos-Victor, F. Lacerda, “Sound localization for humanoid robots - building audio-motor maps based on the HRTF”, Proc. IROS2006 - IEEE/RSJ International Conference on Intelligent Robots and Systems, Beijing, China, 2006.

[15]  Ricardo Beira, Manuel Lopes, Miguel Praça, José Santos-Victor, Alexandre Bernardino, G. Metta, F. Becchi, R. Saltarén, “Design of the Robot-Cub (iCub) Head”, Proc. ICRA2006 - IEEE International Conference on Robotics and Automation, Orlando, USA, 2006.

[16]  João Sanches, Jorge Salvador Marques, “An Alignement-by-Reconstruction Algorithm”, Proc. 7th IEEE EMBS International Summer School on Biomedical Imaging, Berder, France, 2006.

[17]  João Sanches, Jorge Salvador Marques, “Reconstruction from Fluorescence Confocal Microscopy Images”, Proc. 7th IEEE EMBS International Summer School on Biomedical Imaging, Berder, France, 2006.

[18]  Jacinto Nascimento, João Rodrigues, Jorge Salvador Marques, “A Method for the Dynamic Analysis of the Heart Using a Lyapounov Based Denoising Algorithm”, Proc. EMBS2006 - IEEE International Conference of the Engineering in Medicine and Biology Society, New York City, USA, 2006.

[19]  João Sanches, Jorge Salvador Marques, “Image Reconstruction using the Benford Law”, Proc. ICIP2006 - IEEE International Conference on Image Processing, Atlanta, USA, 2006.

[20]  João Sanches, Jorge Salvador Marques, “Image denoising using the Lyapunov equation from non-uniform samples”, Proc. ICIAR2006 - International Conference on Image Analysis and Recognition, Póvoa de Varzim, Portugal, 2006.

[21]  Manuel Marques, A. Neves, Jorge Salvador Marques, João Sanches, “The Papoulis-Gerchberg Algorithm with Unknown Signal Bandwidth”, Proc. ICIAR 2006 - International Conference on Image Analysis and Recognition , Póvoa de Varzim, Portugal, 2006.

[22]  Alberto Vale, F. Bravo, M. Isabel Ribeiro, “Particle-Filter Approach and Motion Strategy for Cooperative Localization”, Proc. ICINCO 2006 - International Conference on Informatics in Control, Automation and Robotics, Setúbal, Portugal, 2006.

[23]  Francisco Melo, M. Isabel Ribeiro, “Transition Entropy in Partially Observable Markov Decision Processes”, Proc. IAS9 - 9th Intelligent Autonomous Systems, Tokyo, Japan, 2006.

[24]  Ricardo Ferreira, João Paulo Costeira, Carlos Silvestre, I. Sousa, J. Santos, “Using Stereo Image Reconstruction to Survey Scale Models of Rubble-Mound Structures”, Proc. CoastLab 2006 - 1st International Conference on the Application of Physical Modelling to Port and Coastal Protection, Porto, Portugal, 2006.
[25]  Valdinei Silva, Pedro Lima, Anna Costa, “Adaptação de Funções Utilidades para Aprendizado por Reforço”. Anais do XVI Congresso Brasileiro de Automática, 2006. p. 2706-2711, 2006, Salvador, BA.
[26]  João Gomes-Mota, Alberto Vale, Artur Matos André, M. Isabel Ribeiro, “Tracking Accurate Measurements of High-Voltage Installations with Laser Range Scanners and GPS”, Procs. General Session du Conseil internationale dês Grands Reseaux Eléctriques, CIGRE2006, Paris, Frane, August 9-September 1, 2006
B-2) IN NATIONAL CONFERENCES (5)
[1]  Nelson Ramos, Pedro Lima, J. M. Sousa, “Robot Behavior Coordination Based on Fuzzy Decision-Making”, Proc. ROBOTICA 2006 - 6th Portuguese Robotics Festival, Guimarães, Portugal, 2006.

[2]  D. Cabecinhas, J. Nascimento, J. Ferreira, Paulo Rosa, Pedro Lima, “Self-Localization Based on Kalman Filter and Monte Carlo Fusion of Odometry and Visual Information”, Proc. ROBOTICA 2006 - 6th Portuguese Robotics Festival, Guimarães, Portugal, 2006.
[3]  Mário Florêncio, Pedro Agostinho, João Sequeira, “Automatic Parallel Parking of Car-Like Robots”, Proc. ROBOTICA2006 - 6th Portuguese Robotics Festival, Guimarães, Portugal, 2006 

[4]  Abdolkarim Pahliani, Pedro Lima, “Improving Self localization and Object Localization by a Team of Robots Using Sensor Fusion”, Proc. Controlo2006 - 7th Portuguese Conference in Automatic Control, Lisbon, Portugal, 2006.

[5]  P. Afonso, J. Azevedo, C. Cardeira, B. Cunha, Pedro Lima, V. Santos, “Challenges and Solutions in an Autonomous Driving Mobile Robot Competition”, Proc. Controlo2006 - 7th Portuguese Conference in Automatic Control, Lisbon, Portugal, 2006.

C) REPORTS (5)
[TR1]  Pedro Lima, Hugo Costelha, João Estilita, Nelson Ramos, Gonçalo Neto, João Santos, "ISocRob 2006 Team Description Paper", RoboCup2006, Bremen, Germany, June 2006

[TR2]  Pedro Lima, Marco Barbosa, João Esteves, Nuno Lopes, Vasco d'Orey, Hugo Pereira, "ISocRob-4LL 2006 Team Description Paper", RoboCup2006, Bremen, Germany, June 2006

[TR3]  Pedro Lima, Augusto Caramagno, Sónia Marques, Luis Peñin, “Coarse Hybrid Relative Navigation” CCN3-4 Final Report of ESA Formation Estimation Methodologies for Distributed Spacecraft, Institute for Systems and Robotics, Instituto Superior Técnico, December 2006
[TR4]  Francisco S. Melo, M. Isabel Ribeiro, “Convergence of Classical Reinforcement Learning Algorithms and Partial Observability”, Technical Report RT-601-06, Institute for Systems and Robotics, Instituto Superior Técnico, January 2006.

[TR5]  Jorge Paive, Luís Tavares, Michael Salgueiro, Miguel Lombo, João Sequeira, “Kit Para Controlo de Robots”, Technical Report RT-602-06, Institute for Systems and Robotics, Instituto Superior Técnico, June 2006.
D) ORGANIZATION OF SEMINARS AND CONFERENCES (3)
FIRST IFAC WORKSHOP ON MULTIVEHICLE SYSTEMS (MVS'06), Centro de Convenções da Bahia, Salavador, Bahia, Brasil, 2-3 October 2006. General Chair Anna Reali Costa, EPUSP, São Paulo, Brasil

International Programa Committee Chair: Pedro Lima

URL: http://www.lti.pcs.usp.br/mvs2006/

Reading group on "sequential decision making under uncertainty" - started by Francisco Melo and Matthijs Spaan. The purpose of this reading group is to gather on a regular basis a group of people with interests in this topic, which forms an enabling technology in Thematica Area B. During our meetings, we introduce standard references, discuss state-of-the-art research, and we encourage people to present their own research on the topic.

CONTROLO2006 – 7th Portuguese Conference on Automatic Control, Instituto Superior Técnico, Lisbon, Portugal, September 11-13 2006. Members of the Organizing Committee: Isabel Ribeiro, José Santros-Victor. URL: http://controlo2006.ist.utl.pt/

E1) PH.D THESIS (CONCLUDED) (1)
Manuel Lopes, “A Developmental Roadmap for Learning by Imitation in Robots”, Ph.D. Thesis, Instituto Superior Técnico, Lisbon, Portugal, May 2006.
E2) M.SC THESIS (CONCLUDED) (3)
Miguel Arroz, “Plataforma de Desenvolvimento de Agentes de Busca e Salvamento”, Master Thesis, Instituto Superior Técnico, Lisbon, Portugal, May 2006.

Bruno Damas, "Arquitectura de Aprendizagem e Decisão de um Agente Inspirado em Emoções", Master Thesis, Instituto Superior Técnico, Lisbon, Portugal, February 2006. 
Ricardo Ferreira, “Sereo Reconstruction of a Submerged Model Breakwater and Interface Estimation”, Master Thesis, Instituto Superior Técnico, Lisbon, Portugal, April 2006. 
F) MODELS

F) SOFTWARE APPLICATIONS

MeRMaID: In this period, the first version of a robot programming framework, designated as MeRMaID (Multiple-Robot Middleware for Intelligent Decision-making), was developed with the goal of providing a simplified and systematic high-level behavior programming environment for multi-robot teams. MeRMaID can currently accept plans described by state machines, Petri nets and other types of decision-making algorithms, including fuzzy-logic decision-making. Its current version enables concurrent multi-platform programming, modularity (for flexible module replacement and easy module edition/modification), and independence from robot hardware (since it includes an Hardware Abstraction Layer).
H) PILOT INSTALATIONS

· 1 all-terrain remotely-operated (by wireless or cable LAN) robot (RAPOSA), endowed with several sensors for detection of dangerous gases, humidity, and temperature, a thermal camera, several web cams (some of them with controllable pan)

· 5 omni-directional (3 wheels) robots endowed with an on-board laptop with wireless communications, rate-gyro, 16 sonars, omni-directional catadioptric system, optical mouse for odometry, electromechanical kicker and rolling drum systems for robotic soccer applications

· 1 RWI ATRV-Jr mobile robot, 4-wheel drive, equipped with 16 sonars, GPS, inertial navigation module and a compass, pan and tilt vision system and one SICK Laser scanner.

· 1 Blimp aerial robot, with pan and tilt vision system, 3 servomotors, RF link for remote control and remote video-link for video transmission.
· 2 Pioneer robots with basic navigation software
· 1 Humanoid torso robot (Baltazar), including a binocular head, an articulated arm and hand.

· 2 6 DOFs robotic heads with the ability to perform facial expressions.

· 1 Labmate mobile platform

· Two Pioneer mobile robots equipped with a robotic manipulator.
L – Invited Oral Presentations
José Santos-Victor, “Computer and robot Vision: Learning from Biology”, Invited Speaker, Controlo 2006 - 7th Portuguese Conference on Automatic Control, Lisbon, Portugal, September 2006.
José Santos-Victor, “Short-Term Human action recognition - insights from and to biology,” Invited Speaker, AERFAI Summer School on Action and Object Classification Techniques in Digital Images, Granada, June, 2006
José Santos-Victor, “Short-Term Human activity recognition - learning from biology,” Invited Speaker, IV Conference on Articulated Motion and Deformable Objects, Andratx, Mallorca, Spain, 11-14 July 2006.
Isabel Ribeiro, “Social and Ethic Problems in Search and Rescue Robots: questions for discussion,” Invited Talk, Euron Atelier on Robotethics, Genoa, Italy, 27 Feb-2 March 2006.

Isabel Ribeiro, “Autonomous Robotics: Challenges and Opportunities,” Invited Talk, Symposium on the Research Activities of the Technical University of Lisbon, Lisbon, Portugal, 2-3 Feb 2006.

Isabel Ribeiro, “Uma Viagem ao Mundo dos Robots,” Invited Talk, High School Emídio Navarro, Viseu, Portugal, 9 Jan 2006.

João Sequeira, “A New Perspective in Human-Robot Interaction", Macau University, Macau, China, June 2006
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