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Constraints validation.
presented in Figure 1.
So the objective here is to find a controller
Introduction
which can control the position of the magneIn 1512, the boat named La Cordelière sunk tometer by acting only on the direction of the
in the Rade de Brest. Its wreck is still there, boat. To address this problem, a good apon the seabed or more probably under several proach is to consider a car with a trailer, and
meters of sediments. As wrecks of this time to try to control the trailer. The trailer should
are rather rare, and the research area is huge, follow a vector field, for instance Van der Pol
vector field, like in Figure 2.
it leads to an interesting challenge.
A robot is represented by its state vector X
Since the wreck is buried under the sand,
the only sensor which is likely to detect the
wreck is a magnetometer, by sensing the
magnetic field perturbations of the anchors.
Therefore, in order to hope to find the researched boat, a magnetometer should be
dragged near to seabed in all the area of research. This is a very long mission and it is
intricate to be sure that the sensor is gone everywhere.
This is why Boatbot was developed. Boatbot is a semi-rigid inflatable boat on which
an electric motor was added behind the steering wheel. So, the boat can be regulated in
head. Based on this robot, the objective was
to develop some algorithms of control such
that the magnetometer dragged by the boat
properly follows the desired trajectories, while
guaranteeing that some constraints are always
respected.

Finding a controller
To be sure that the cable cannot be cut by
the propellers of the boat, the idea was to
put a kayak between the boat and the magnetometer. In this way, near to the propellers
there is only a rope which stays at the surface of the water and can even at worst be cut
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The couple of variables (x, y) represents the
position of the car, θ its head and θr the head
of the trailer. Lr is the distance between the
car and the trailer (see Figure 3).
It means that a robot is a dynamic system
which is modeled by a differential equation.
And the job of the controller is to find the
input u of the system with respect to some
measurements Y [3].
The error the controller should canceled is
the difference between the course of the trailer
and the direction given by the vector field [7].
Using feedback linearization method, a controller can be quite easily found and makes the
error converge toward zero in few seconds [6].

Figure 1: Picture of Boatbot searching for La Cordelière.

Figure 3: Model of the car with a trailer.
Figure 2: Simulation of a car with a trailer, on the knowledge of the vector field followed
where the trailer follows the Van der Pol vec- by the robot, using Lie derivatives. This is
tor field.
why there is no need here to integrate any differential equation, like in [1, 2, 9, 10].
As the controller presented hereinabove is
State constraint
supposed to be perfect, we know that the
Henceforth, the aim is to guarantee that some robot will exactly follow the vector field, wherconstraints are always respected. For in- ever it is. So the method consists in comstance, the angle between the car and the puting from any position in the vector field
trailer should stay little to ensure that the the theoretical state of the robot with respect
trailer will never collide with the car itself. So to the controller, and deducing whether the
here is presented a mean to show where some constraint is respected. Interval analysis [8] is
constraints are validate or not, supposing the used here, helping to find the separator for a
controller works fine. This method relies only given constraint, and to use the SIVIA algo-

rithm [5] to validate the controller in a specific
location [4].
An example of result is given in Figure 4.
The simulation plots red circles ( ) when the
constraint is not respected (when there are
tight curves), and its trajectory is superposed
on the result of the SIVIA: we are sure that
the constraint is respected when the robot is
in green background areas ( ), and violated
in orange ones ( ). The boundary is in gray,
and inside we cannot be sure whether the constraint is respected ( ).
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Figure 4: Example of a simulation of the car
with a trailer superposed on the SIVIA result.
It is certain that the constraint is respected
everywhere the background is green ( ) supposing the trailer follows the vector field.
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