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State estimation
- Essential in robotics

- Based on sensors measurements

Figure 1: Ultrasonic sensors
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LAB

State estimation
- Essential in robotics

- Based on sensors measurements

Time of Flight sensors
- Directivity cone

- Returns the minimal distance
within the measurement’s cone

Problem statement

Figure 1: Ultrasonic sensors » Deal with uncertainties

- Express this problem as a
constraint
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Definition
A contractor C, consistent with a constraint £ is an operator that, given a
box [x] € TR", returns a box C([x]) such that:

Cr([X]) € [X] (Contractance) (1)
x satisfles L = x € C.([x]) (Consistency) (2)

@\f

([x])

Figure 2: Contractor C, for the constraint £.
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Definition
A separator S, consistent with a constraint £ is a pair of contractors
{87, 82t} on the inside and on the outside of the set, such that:

SP(X])) US2Y([x]) = [x] (Complementarity) (3)

Figure 3: Separator S, for the constraint L.
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Definition
The x-constraint is defined as:

B ifin A
X(A,B,C) = , (4)
C otherwise
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Definition
The x-constraint is defined as:

B ifin A

C otherwise

x(A,B,C) = {

Implementation

X(A,B,C)=(ANB)U(ANC)

Q. Brateau, F. Le Bars, L. Jaulin, ENSTA
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Example of sets

A = {(xx)€eR’|xX+x <1}
B = {(X1,X2) S R? |X1 X Xy € [—0.15, 0.15]}
C = {(x.x)€R?| /X —x, €[-1515]}

-2 0 2

Figure 4: Sets A, B, C, and x(A,B,C)
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Figure 5: Remoteness of a
segment [a, b] relative to a point
m and two unit vectors uq and u,.
Here d = ||mb]|.
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* Remoteness Cone

The remoteness cone C(m, uy, Uy) is
defined by m, uq and u,.

Figure 5: Remoteness of a
segment [a, b] relative to a point
m and two unit vectors uq and u,.
Here d = ||mb]|.
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h, h b hy a
5 Remoteness Cone
The remoteness cone C(m, uy, Uy) is
defined by m, uq and u,.
u; o Remoteness Distance
By definition, the remoteness distance d
m meets
Figure 5: Remoteness of a - d € {[|mall, [[mb][, ||mh][], [[mhy[], [[mha]], +eo}
segment [a, b] relative to a point - d intersects Cpm,q.p.
m and two unit vectors uq and u,.
Here d = ||mb]|.
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b hy h hq a b h hy a M
= =
uy uq u it
m m
Figure 6: Remoteness d = ||mhl|. Figure 7: Remoteness d = ||mh,||.
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Distance equation

[Imal|

\/(mx —ax)?+ (my —ay)? (6)

\/(mx —bx)2+(my —by)2  (7)

|Imb]|

Figure 8: Distance constraint from
a point, with d = [1, 2]
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Orthogonal distance equation

det(ab,am)

mh|| =
|[mh]| I7abl]

-4 -2 0 2 4

Figure 9: Orthogonal distance
constraint with d = [2, 3]
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Directional distance constraint - 3/3

Directional distance equation

__ det(ab,am)
Imhill = Far ) (9)
det(ab,
[Imhe|| = GRS (10)

Figure 10: Directional distance
constraint with d = [2, 3], and

u_ {cos (%)}T

sin (%)
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Figure 11: {us,ab) < 0 A (uy,ab) <0
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Remoteness Computation
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det(ab,am) > 0

(@%
(™)
=4
(=
-

Figure 11: {us,ab) > 0 A (uy,ab) >0
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det(ab,am) > 0

0 < (wq ‘eq)
0 < (we‘qe)

Sp

Figure 11: {uy,ab) < 0 A (uz,ab) >0
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AN N

(a) Separator for the (b) Separator for the (c) Separator for the

remoteness constraint with  remoteness constraint with  remoteness constraint with
d=[45] d =[5, 0] d = [+o0]

Figure 12: Remoteness constraint with u; = {_11} u, = {_21}
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(a) Separator for the (b) Separator for the (c) Separator for the

remoteness constraint with  remoteness constraint with  remoteness constraint with
d=[45] d =[5, 0] d = [+o0]

Figure 13: Remoteness constraint with u; = [:ﬂ U, = {:”
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Remoteness representation { DEFENSE
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VAN

(a) Separator for the (b) Separator for the (c) Separator for the

remoteness constraint with  remoteness constraint with  remoteness constraint with
d=[45] d =[5, 0] d = [+o0]

Figure 14: Remoteness constraint with u; = [_3'175] u; = {0'175}
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State estimation
- Robot moving in a 2D plane
- Known map with polygonal obstacles

- Goal: estimate robot's position using remoteness measurements to
obstacles

Cycle navigation
- Robot follows a predefined square cyclic path

- Echosounder sense two distances to walls along the cycle
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Remoteness Measurements

(a) yo (b) vy

Figure 15: Set of position compatible with remoteness measurements
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State estimation \,y birie

Figure 16: Robot following a square cyclic path in a polygonal environment
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Conclusion

- Introduce the x and the Remoteness constraints
- Implement Separators for both

- Localization of robot in known environment

Perspectives

- Implement online state estimation for the cycle navigation

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



Questions?
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