Set-membership state estimation
by solving data association

Simon Rohou!, Benoit Desrochers?, Luc Jaulin!

LENSTA Bretagne, Lab-STICC, UMR CNRS 6285, Brest, France
2DGA-TN Brest, France

International Conference on Robotics and Automation (ICRA), 2020

L Qe @i @3

DGA BRETAGNE




Perceiving underwater landmarks with a side-scan sonar

Detection of unidentifiable/indistinguishable rocks on the seafloor:

Some rocks are lying on the seabed.

1/8



Localization with data association: assumptions
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Localization with data association: assumptions

1. The map is static and made of point landmarks (rocks)

2. The landmarks are indistinguishable
All the rocks on the seabed look alike:

3. The position of each landmark is known (bounded)

4. The initial pose of the robot is not known

state estimation = data association
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Localization with data association: formalization
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Localization with data association: formalization
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x(t) = £(x(t), u(t))

(evolution equation)
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(observation equation)
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State estimation with indistinguishable landmarks
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State estimation with indistinguishable landmarks
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State estimation with indistinguishable landmarks

Set-membership approach
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State estimation with indistinguishable landmarks
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Constellation contractor for a 2d map of landmarks

Constraint m* € M:
An observation y* is related to one m* of the known landmarks M.
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Other interval /tube contractors can be used

Contractors for non-linear and/or differential equations already exist
in the literature.
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Applying contractors to solve the problem

A solver is then created as a list of contractors C related to the state equations:
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> Evolution equation: x(t) = f(x(t), u(t))
— implemented by C¢([v](-), [x](), [u](+))

> Observation equation: g(x(t;),y’,m’) =0
— implemented by Cg ([x](t:), [y'], [ 1)

Fixed point resolution method
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Results with the Autonomous Underwater Vehicle (AUV) Daurade

Thanks to DGA-TN Brest (formerly GESMA) for having made this experiment possible.
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