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ABSTRACT 
The tutorial discusses information and sensor-based navigation and guidance of autonomous 
underwater platforms. The objective is to identify, for the main kinds of navigational behaviors 
required by environmental monitoring tasks, their information/data processing requirements and on 
their implications concerning the platform architecture. The lecture is intended for engineers and 
scientists interested in navigation/guidance of autonomous underwater platforms.  
The first part of the lecture is dedicated to the problem of robust sensor-driven guidance, where the 
goal is to keep a reference configuration inside a convenient subset of the sensor space (or eventually 
of its k-th order product). The theory is presented around several specific tasks, such as the problem of 
tracking an unknown line, considering different sensing observability structures ( e.g. sensor footprints 
enabling instantaneous evaluation of the distance and orientation with respect to the tracked line, 
distance only, or a dichotomic sensor that indicates only on which side of the line the sensor is).  
The second part of the lecture is dedicated to mapping missions, where the goal is to reconstruct the 
value of a given measured field inside a given region. We consider the most interesting case when the 
geometry of the target region is defined in terms the measured field itself and is not known a priori. 
Examples are mapping the depth of highest concentration of phytoplankton inside a given area, the 
volume where the concentration of a given pollutant exceeds a given value, the position of the source 
of a chemical plume. We introduce the concept of information guidance, showing how existing prior 
information about the characteristics of the observed environmental field can be incorporated in the 
navigation/guidance system of the platform to increase mapping efficiency. A probabilistic formalism 
is used to express uncertainty in the fused information sources (in the prior knowledge and the 
acquired data). 
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Maria-João Rendas is since 1996 the leader of the research group in Autonomous Mobile Systems of 
the Laboratoire d’Informatique, Signaux et Systèmes de Sophia Antipolis (I3S), which conducts 
research in sensing and guidance of mobile robots operating in open natural environments. She is a 
CNRS researcher since 1995, and a lecturer on Statistical Signal Processing and Information Theory at 
the University of Nice Sophia Antipolis. Her scientific interests are Information, Estimation and 
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Filtering Theory with applications to sensing and navigation of mobile platforms, in particular in the 
context of environmental monitoring tasks. 
She was the principal CNRS investigator for several European projects in underwater robotics 
(MAUVE, NARVAL, SUMARE), which operated the two I3S underwater platforms: the AUV 
MAUVE and the ROV Phantom. Before joining CNRS, she was an Associate Professor at Instituto 
Superior Técnico (IST, Lisbon, Portugal), being a lecturer in the areas of Telecommunication Systems 
and Signal Processing. She received her Eng., MSc and PhD degrees all from IST. Her doctoral 
studies were conducted as a visiting student at Carnegie Mellon University (USA), in the area of 
underwater acoustic signal processing. As an IST Professor, she participated in several European and 
national research programs, in the areas of Telecommunications and underwater robotics. She is the 
author of over 70 technical publications in the areas of underwater acoustics and robotic navigation, 
and she was an Associate Editor for IEEE Trans. Signal Processing in the period 2000/2002. 
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