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Boatbot tows a magnetometer

youtu.be/cxVs1fDdm1s
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Magnetic map built in 2018
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2. Cycles

L. Jaulin Ocean exploration with underwater robots

https://www.ensta-bretagne.fr/jaulin/


Marine robots to build maps
Cycles

Mapping
Exploration

Submeeting 2018
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3. Mapping
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For topological navigation, the robot may follow paths. A path can
correspond
1) to an isothermal front
2) to a magnetic path
3) to a parallel
4) to an isobath.

.
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1. Follow the 50m isobath until the 15-degree isotherm
2. Follow the 15-isotherm until the 50m isobath
3. Go to Step 1
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4. Exploration
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Find the route without GPS, compass and clock
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Formalization
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Given 
ẋ = f(x,u) , u(t) ∈ [u] (t)

y = g(x) , y(t) ∈ [y] (t)
x(0) = x0

An observer is blind if dimy= 0.
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Visible area. The robot has a state x. The visible area is V(x)
Example. The robot is able to see all up to 3 km:

V(x) =
{
(z1,z2) |

√
(z1− x1)

2 +(z2− x2)
2 ≤ 3 ·103

}
.
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Explored zone Z is de�ned by [1]
ẋ = f(x,u) , u(t) ∈ [u] (t)

Z=
⋃

t≥0 V(x(t))
x(0) = x0

L. Jaulin Ocean exploration with underwater robots
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We have ⋂
x(·)∈X (·)

⋃
t≥0

V(x(t))︸ ︷︷ ︸
Z−

⊂ Z ⊂
⋃

x(·)∈X (·)

⋃
t≥0

V(x(t))︸ ︷︷ ︸
Z+

.

Z− is the certainly explored zone.

Z+ is the maybe explored zone.
Z+\Z− is the penumbra.
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Spiral scan. We have [2]⋃
t≥0

⋂
x∈X (t)

V(x)︸ ︷︷ ︸
{z | ∃t ∀x∈X (t), z∈V(x)}

⊂ Z− =
⋂

x(·)∈X (·)

⋃
t≥0

V(x(t))︸ ︷︷ ︸
{z | ∀x(·)∈X (·),∃t, z∈V(x)}
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Boustrophedon
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Daurade DGA-TN

L. Jaulin Ocean exploration with underwater robots

https://www.ensta-bretagne.fr/jaulin/


Marine robots to build maps
Cycles

Mapping
Exploration

During its boustrophedon Daurade explored Z ∈ [[Z]]
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