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AUV
- Control of torpedo-like AUV

- Riptide’s micro-uuv

Environment

- Constrained environment

- Pool, harbor, ...

Goals

- Reactivity Figure 1: Harbor and Riptide in

. the ENSTA Bretagne pool
- Manoeuvrability HER
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Earth localization and communication Sz ENSTA ) Iason

Figure 2: Earth-orbiting positioning and communications satellite
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Riptide... Into Darkness §2) ENSIA

Figure 3: Riptide’s last memory

https://www.youtube.com/watch?v=hNgIShmMQjA
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Metric vs Topological map ) ENSTA
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(a) Metric map (b) Topological map - Saint-Sévre
Figure 4: World metric and topological map
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Metric vs Topological map ) ENSTA

(a) Guerlédan bathymetric map (b) Ping2 Blureobotics
Figure 5: Digital elevation model and depth sensing

'https://bluerobotics.com/
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Dynamical system

ENSTA
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Dynamical system

x(t) = f(x(t), u(t))
Flow Function
Y(Xo,t1,t2) € S x T?

@y (X0, t1) = x(t7)
Py (Xo, 0) = Xo
@y (@y (X0, t1),12) = (X0, 1+ 12)
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()
Dubins car
V- cos(0)
f(x,u) = [v-sin(8) | (3)
u
()
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Timed Automata ) IR

LAB

Figure 6: Square cyclic timed Figure 7: Square Cycle
automata
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Composition of flow functions HE

LAB

fU,Or Puo fu,ﬂfTv Pu.n—1

NP

‘P( ) OHO(PUI(XOd( ))

Figure 8: Composition of flow functions over a cycle

Cyclic Period Synchronization Condition
n—1
@=L 6 o) axt+Tw) =x(1) ©)
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Cycle abstraction and Shapes
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Figure 9: Block diagram of the robot controlled by a timed automata

wy, i1
—>| Moy = v(p W) ——

Figure 10: Block diagram of the controlled cycle
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Cycle move through iterations S5 ENSTA g5 weumon

1.0

0.51

0.0

Figure 11: Cycle move with wg = —0.15
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Cycle move through iterations &% ENSTA I

1.0

0.51

0.0

Figure 11: Cycle move with wy = 0.1
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Cycle move through iterations S5 ENSTA g5 weumon

1.0

0.51

0.0

Figure 11: Cycle move with w; = 0.15
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Cycle move through iterations S ENSTA & meuyon
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1.0 \//

0.51

0.0

;
Figure 11: Control of the cycle with w = |-0.1 0.2 0.2
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Feedforward linearization ) ENSTA
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ekl

M4

Vk (0
—» eyt = V(W wr) ——>

Figure 12: Block diagram of the controlled cycle
—cos(fy) 0  sin(f)

C(0k vp) = | —=sin(6,) 0 —cos(B)| - vk
0 1 0
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(6)



Cycle world move through iterations S ENSTA & meuyon
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1.0

0.51

0.0

Figure 13: Cycle move with vy = 0.2
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Cycle world move through iterations SHENSTA & soue

Figure 13: Cycle move with v, = 0.2
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Cycle world move through iterations S5 ENSTA

| INNOVATION

1.0

0.51

0.0

Figure 13: Cycle move with v, = 0.1
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Shape concept  ENSTA

Shape concept

Discrete system movable in the 2D
plane through iterations.
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Shape concept

Discrete system movable in the 2D
plane through iterations.

Shape action

- Translation
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Shape concept
Discrete system movable in the 2D
plane through iterations.
Shape action
- Translation

- Rotation
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Shape concept  ENSTA
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Shape concept
Discrete system movable in the 2D
plane through iterations.
Shape action
- Translation
- Rotation

- Homotethy
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Shape concept  ENSTA
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Shape concept
Discrete system movable in the 2D
plane through iterations.
Shape action
- Translation
- Rotation

- Homotethy
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Adding measurements




Bathymetric measurements

Regulation

Figure 14: Bathymetric map Figure 15: Measurements position
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Final block diagram
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DEFENSE
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. Uk Wi | g = ¥y wp)
Alu,,
(”k £ @ Hr = ‘7('1;?' wr)

Hy

Figure 16: Block diagram of the autonomous system

A(pp i) = K - arctan (:”_rﬂl?)
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Simulation V. &

LAB

/ 13
4 >
£ 12
> 2 5
[ =
18 \\ 19, E
0 21 ~ < 111
™~ \10\
-2
) 0 2 1 6 107
v 0 10 20
. Iteration
Figure 17: Measurements
simulation Figure 18: Measurements results
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Guerlédan’s lake Stable Cycles JENSTA " & mouror

' BRETAGNE

Figure 19: Guerlédan’s Lake Stable Cycle Trial @

9https://www.youtube.com/watch?v=MDI6iHYhxyM
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Cycle navigation




Cycle group nbres

LAB

Cycle element

Given a topological space X, 7t(X, xo) is the
pointed space at xg

7:[0,1] = X

(8)
7(0) = (1) =xo

V’)/ € 7T<X,X0), {
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Cycle group nbres

LAB

Cycle element

Given a topological space X, 7t(X, xo) is the
pointed space at xg

: 10,1 = X
Vyen(x,xo),{,y 0.1 (8)
7(0) =7(1) =xo
Concatenation and Cycle group
V(0. 71) € (X, %0)?,
1
’)/o(t), 0<t< =
Yo 11 = 1 2 9)
1(1), 5 <t<1
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Cycle group

L]
DEFENSE
LAB

Cycle element

Given a topological space X, 7t(X, xo) is the
pointed space at xg

7:[0,1] = X

vy € {7(0) — (1) =%

Concatenation and Cycle group

(70, m1) € (X, %0)?,
Yo(t),
7(1),

IN

INA
IN A

Yo =

N = O
— N =
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T

(8)

Yo

Figure 20: Cycles
(9) (70, 711) € 7(X, Xo)
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Cycle navigation

Cycle switch
- Start from a stabilized cycle
- Reach the capture basin of the next cycle

Q. Brateau, F. Le Bars, L. Jaulin, ENSTA Bretagne 25



Cycle navigation \E

Cycle switch
- Start from a stabilized cycle
- Reach the capture basin of the next cycle

Relationship between cycles

- Define a binary relationship operator R
between elements of cycle group
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Cycle navigation i

LAB

Cycle switch
- Start from a stabilized cycle
- Reach the capture basin of the next cycle

Relationship between cycles

- Define a binary relationship operator R
between elements of cycle group

Reflexivity: voRyo
Transitivity: 70Ry1 A 1Ry = YoRY2

Q. Brateau, F. Le Bars, L. Jaulin, ENSTA Bretagne 25



Capture basin illustration  ENSTA
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Figure 21: Two trajectories - The blue one starts in the capture basin of the
cycle, the red one not.
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Cycle navigation example S5 ENSTA ) monyon
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LAB

Cycle navigation example : BT

©-°

Reflexivity
vie[o,4,ri=id @@ 0-0

9
@
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Cycle navigation example

/a/“’O

Reflexivity

vie[o4,=id @@ %em
/G\ /M

Transitivity o
Vi e [4,1],r;
Figure 22: Graph of R relationship
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Notable cycles

Starting cycles O
- Unable to reach /Gf»
once leave 0¢° em
+ Let robot 0— ‘//

stabilize before o

starting 3\@/8

Figure 23: Starting Cycles
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Notable cycles

Navigating cycles

- Used for o@® Q-0
navigation
/@\ ‘/®/
0,8

Figure 23: Navigating Cycles
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Notable cycles

Recovering cycles °
- Unable to leave
once reached @@ 0-0
- Let system be [—0— //
recovered at o\ﬁ/e
known location g 8

Figure 23: Recovering Cycles
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Guerlédan’s lake Cycle Switch ENSTA r\,@ i

Figure 24: Guerlédan's Lake Cycle Switch Trial @

https://www.youtube.com/watch?v=MDI6iHYhxyM

Q. Brateau, F. Le Bars, L. Jaulin, ENSTA Bretagne 29


https://www.youtube.com/watch?v=MDJ6iHYhxyM
https://www.youtube.com/watch?v=MDJ6iHYhxyM

Cycle navigation and Worlds
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ngly connected graph : i

Strongly con- °

nected graph

There is a path in <l ) 0-0
each direction 0 /J

between each pair o 0
of vertices of the 8 \6/3
graph.

Figure 25: Not strongly connected graph
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ngly connected graph

Strongly con- 0

nected graph

There is a path in ®¢9 Gm
each direction 00— ‘/Q/
between each pair o °

of vertices of the 3 \0/3

graph.

Figure 25: Strongly connected graph
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]

Figure 26: Strongly connected components graph decomposition - World
concept
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Conclusion
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Contributions
- Introduction of stable cycles
- Concept of Cycle Navigation
- Validation of this concept in simulation and real
environment

Perspectives
- Test with underwater robots

- Complex mission involving navigation through
Worlds

Q. Brateau, F. Le Bars, L. Jaulin, ENSTA Bretagne 34
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