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Case of Study

® Unknown environment,
® area covering mission,
® revisiting,

® region avoidance,
|

® line-sweep exploration.
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Case of Study

Using only proprioceptive data, to
? estimate:

® Explored area

® Number of views (coverage
Q measure)
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Applications:
® Assess area-covering missions,
® plan other missions to fill possible
? gaps,
® assess revisiting missions,
Q ® optimal trajectory planning,
([ J

localization in homogeneous
environments.
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® Problem Statement
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Problem Statement

Visible Area
V: [0, T] — P(R?)
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Problem Statement

Visible Area

V: [0, T] — P(R?)

Y

V(t
f )
/\ Y p "QZ}'
N—
w = (I,1) -
T T > T X

Waterfall Space and Sweep Function

W =[-L, L] x [0, T]
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Problem Statement

Robot's Trajectory
° x:[0, T] — R?,
® X is differentiable in [0, T].
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(e]e]e] o]

Problem Statement

Explored Area
o W=[-LL]x]|0,T],
o Agp = f(W),
® Sensor’'s Contour v = F(OW).
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Problem Statement

Coverage Measure

cm(p) = #Ker(f — p)
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Problem Statement

Coverage Measure

cm(p) = #Ker(f — p)

Ag = {p € R*|cm(p) > 1}
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Problem Approach

Topological Degree

® D is an open subset of R”,
® f: D — R"is continuous,
p € R"\f(0D)

® deg: (f,D,p) = Z.

~d; P : '
i //
) y
“dy Lo
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Problem Approach

Topological Degree

® D is an open subset of R”,
® f: D — R"is continuous,
p € R"\f(0D)

® deg: (f,D,p) — Z.

y y \
[ “d; |
| N . y
\ y
| dg
N y

oy (D)

If det(f'(d)) is non-zero on each d such that f(d) = p,
e deg(f,D,p)= > sign(det(f (d))) o

def~1(p) B
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Problem Approach

Winding Number

f : D — R? is continuous,

p € R?\f(0D),
n(f(9D), p) € Z.

@ M ® D is an open subset of R?,

Winding Number :
N-100 +1 8 +2
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For any p € R?, cm(p) = n(7, p)

f

T Q ~ws /\ \DNT?ing Number :
m+2
k/
0 W -1
0l . f

If det(f (w)) is positive on each w € W such that f(w) = p,

n(v.p)= Y sign(det(F (w))) = #Ker(f — p)
wef~1(p)
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Costa Vianna M.L., Goubault E., Jaulin L., Putot S. (2022). Estimating the Coverage Measure
and the Area Explored by a Side-Scan Sonar. OCEANS 2022
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Sweeping backwards
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Sweeping backwards

If det(f'(w)) is positive on each w € W such that f(w) = p,

cm(P) = n(v, P)
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Sweeping backwards

wef—1(p) |

% n(vp)= Y sign(det(f (w))) = +1—1+1=+1# #Ker(f — p) me
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Sweeping backwards
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Sweeping backwards

O
_

< W s
S~ S*

St = {w € W|det(f (w)) > 0)}, vT = F(8ST)
S™ = {w € W|det(f (w)) <0)}, v~ = f(0S7)
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Sweeping backwards

cm(p) = #Ker(f — p) = #Ker (f — p)s+ + #Ker (f — p)s-

cm(P)= > +1 + > +l=n("p)+n(v",p)
wef L (p) wef (p)
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Sweeping backwards

Cm “i-nhi&
% +1 02 B B R

Characterization of the Area Explored by a Line-Sweep Sensor on the Plane 21 / 30




Current and Future Work
[ Jelelelelelele]e]

® Current and Future Work

s"“«a:&
R - i 1 %
ﬁ! et

Characterization of the Area Explored by a Line-Sweep Sensor on the Plane 22 / 30




Current and Future Work
(o] Jelelelelelele]

Uncertain Trajectory

Uncertain Robot's Trajectory
[x] € P([0, T] — R?),
[v] € P([0, T] — R?),

* x* e [x],

°* v* e vl
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Uncertain Trajectory

Uncertain Coverage Measure

® x* ¢ [x],
* [y] € P(S* = R?),
* v el
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Uncertain Trajectory

Uncertain Coverage Measure

[cm] : R? — IN
Vx € [x] , cmx(P) € [cm](P)
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Uncertain Trajectory

Uncertain Coverage Measure

Y] = [Vibs Yub)

Ix
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Uncertain Trajectory

Uncertain Coverage Measure

[cml(P) = [1(Vibs P)> 1(Vubs P)]

[ ] m] = [17 1]
N [enm] =10, 1]
Cm] - [172]
2 [cm] = [0, 2]
B[] =22
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Speboat Guerlédan

e GPS,
e [MU,
® Remote Controled,

® Autonomous via IHM.
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Buoy Search

i
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Thank Youl
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