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Title:
Recursive estimation of spatial random structure us ing an autonomous
sensor.

Required Student Background: Filtering Theory, Stochastic Processes, Non-linear
Signal Processing, Shape/Pattern theory

Supervisors

Maria-Jodao Rendas, 70%, I3S, sensor-driven navigation

José Leitdo, 30%, IST, Non-linear Filtering and Estimation theory
Patrick Luyten, Mumm', physical (circulation and transport) models

Innovative aspects

To apply non-linear estimation techniques to repres ent the knowlegde
acquired by a mobile sensor about the geometric str ucture of the
spatial field that surrounds it, and to use this kn owledge to design
effective observation strategies to estimate a numb er of associated
features. The results of the study will be applied to the problem of

detecting a leaking source in a turbulent flow.

Description

The goal of this thesis is to design recursive deci sion and estimation
model-based algorithms that guide in an efficient w ay an autonomous
sensor in order to observe certain features of the random binary field

inside which it moves.
A Bayesi an appr oach will be pursued, assuming that the geometry of the

observed random field is well modeled by a non- honogenous Random Cl osed
Set (RCS) [4], for which a parametrized form of the di stributions of
the two underlying random processes, the point proc ess (that describes
the spatial distribution of the objects that compos e the field) and the
shape process (that describes the geometry of the i ndividual objects)

is known. RCS models have been shown to describe in an appropriate
manner the geometric characteristics of many (binar y) natural fields
(e.g. the dispersion and shape of tree images in ae rial photography, of
benthic biological colonies,...), and have been sho wn to be tractable
environmental models for autonomous robots’ navigat ion [5, 6]. In this

work, the field will be assumed static.

The desired features are modelled as known function s of the parameters
of the RCS distributions (in particular of the inte nsity function of
the point process). Formally, we desire to recursiv ely update the
posterior distribution of the parameters of the dis tributions of the
shape and point processes, that efficiently summari ses the information
collected by the sensor, and provides the necessary information to
design efficient observation strategies. Currently studied solutions
are particle filters [7] (that represent the densit y by the
distribution of a cloud of points in parameter spac e) and the
propagation of Gauss mixtures [8,9]. The latter app roach has the
advantage of being able to macroscopically flag mul ti-modal (ambiguous)
situations, which can be used to trigger active obs ervation actions.
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should enable efficient adaptive tuning of its defi ning parameters.
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Required Infrastructures
Hardware: No special needs. Software: Numerical models of transport in turbulent fluxes.

Mobility Plan

The fellow will be based at I3S. He/she should spend a period of % months at Mumm,
with the goal of developing and tuning the prior stochastic Random Set Models for the
random dispersion, making several visitis to IST for complementary guidance in the
formulation of the non-linear estimator.

Added value of SIGNAL for this study

This study requires the combination of competencies in sensor-driven perception, random
geometric models, non-linear filtering as well as domain specific expertise about the
physical models governing the dispersion in turbulent fluxes, and exploits in an exemplar
manner the complementary competencies of members of Signal.

External Impact/ Other Participants

The potential impact of the application of advanced signal models and processing
techniques in the area of environmental survey has been presently recognised, and several
sucessfull initiatives to attract Statistics and Signal Processing Departments to a closer
collaboration with environmental agencies have been documented, of which the
Geophysical Statistics Program at the National Center for Atmospheric Research,
USA/Canada, is a large scale exemple’. The study proposed here appears in the
continuity of an on-going collaboration between 13S and Mumm in the area of adaptive
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survey design, and will help increase the both the awareness of the Statistical Signal
Processing community to the opportunities and needs of this important area, as well as
increase the recognition of the impact of sophisticated signal processing methodologies in
enviromental sciences.



