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Abstract

Efficient trajectory planning algorithms are a crucial issue for modern autonomous
underwater vehicles. Classical trajectory planning algorithms in artificial intelligence
are not designed to deal with wide continuous environments prone to currents. Fur-
thermore torpedo-like underwater vehicles are strongly nonholonomic. A novel Fast
Marching based approach is proposed to address the following theoretical issues.
First, an algorithm called FM* is developed to efficiently extract a 2D continuous
and derivable curve from a discrete representation of the environment. Second, un-
derwater currents are taken into account thanks to an anisotropic extension of the
original Fast Marching algorithm. Third, the vehicle turning radius is introduced
as a constraint on the curvature of the optimal trajectory for both isotropic and
anisotropic media. Further developments are proposed to optimize the Fast March-
ing based method to real-time constraints. On one hand, a fast multiresolution
method is introduced to extract suboptimal trajectories. On the other hand, a dy-
namic version of the Fast Marching algorithm called DFM is developed to efficiently
replan trajectories in dynamic unpredictable environments. Besides, it is shown
that DFM algorithm is an excellent tool for visibility-based trajectory planning in
a-priori unknown domains. The overall Fast Marching based trajectory planning
method has been tested on simulated underwater environments and validated on a

real experimental platform in open water.

Keywords: artificial intelligence, trajectory planning, Fast Marching algorithm,
autonomous underwater vehicle, isotropic and anisotropic ordered upwind methods,
functional minimization, curvature radius, unknown environment, multiresolution

method, dynamic replanning, visibility-based navigation.




Acknowledgement

First I would like to thank Dr. Katia Lebart because she is the one who introduced
me in the Ocean Systems Lab. for the placement that led to this Ph.D. I don't forget
the welcome from the G86 team at this period. Jonathan Evans, Kelvin Hamilton
and many others were very patient with the French accent.

Of course I would like to thank my supervisor, Dr. Yvan Petillot, for his useful
advice, and Dave Lane for his good mood all the time.

I give a particular "thank you" to Yan Pailhas. All the talks with him were
extremely interesting. He let me know the existence of the Fast Marching algorithm
and he has been a very important partner from the beginning of my stay in Scotland.

I would like to thank Pedro Patron, another close partner in my Ph.D. He trans-
lated many ideas into real (and working!) systems. I really appreciated his practical
feedback about my trajectory planning theories.

Many other people contributed to my day-to-day pleasure to come at work, they

will recognize themselves!




Table of symbols

C'  path (or curve)
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