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1 Motivations

Model : ym (p, t) = p1e
−p2t.

Parameters : p1, p2.

Measurement times : t1, t2, . . . , tm

Data bars : [y−1 , y
+
1 ], [y

−
2 , y

+
2 ], . . . , [y

−
m, y

+
m]

Feasible set :

S =
{
p ∈ R2, ∀i ∈ {1, . . . ,m}, ym (p, ti) ∈ [y−i , y+i ]

}
.

= y−1m ([y]).



Illustration with SetDemo



2 Interval constraint propagation



2.1 Interval arithmetic



If ⋄ ∈ {+,−, ., /,max,min}

[x] ⋄ [y] = [{x ⋄ y | x ∈ [x], y ∈ [y]}] .

For instance,

[−1, 3] + [2, 5] = [1, 8],
[−1, 3].[2, 5] = [−5, 15],
[−1, 3]/[2, 5] = [−12,

3
2],

[−1, 3] ∨ [2, 5] = [2, 5].



[x−, x+] + [y−, y+] = [x− + y−, x+ + y+],
[x−, x+].[y−, y+] = [x−y− ∧ x+y− ∧ x−y+ ∧ x+y+,

x−y− ∨ x+y− ∨ x−y+ ∨ x+y+],
[x−, x+] ∨ [y−, y+] = [∨(x−, y−),∨(x+, y+)].



If f ∈ {cos, sin,sqr, sqrt, log, exp, . . . }

f ([x]) = [{f(x) | x ∈ [x]}] .
For instance,

sin ([0, π]) = [0, 1],

sqr ([−1, 3]) = [−1, 3]2 = [0, 9],
abs ([−7, 1]) = [0, 7],

sqrt ([−10, 4]) =
√
[−10, 4] = [0, 2],

log ([−2,−1]) = ∅.



2.2 Constraint projection

Let x, y, z be 3 variables such that

x ∈ [−∞, 5],
y ∈ [−∞, 4],
z ∈ [6,∞],
z = x+ y.

The values < 2 for x, < 1 for y and > 9 for z are

inconsistent.



To project a constraint (here, z = x + y), is to com-

pute the smallest intervals which contains all consistent

values for the variables. For our example, this amounts

to project 3 times (following x, y and z) the subset of

R3 given by

S = {(x, y, z) ∈ [−∞, 5]× [−∞, 4]× [6,∞] | z = x+ y} .



2.3 Numerical method for projection



Since x ∈ [−∞, 5], y ∈ [−∞, 4], z ∈ [6,∞] and z =
x+ y, we have

z = x+ y ⇒ z ∈ [6,∞] ∩ ([−∞, 5] + [−∞, 4])
= [6,∞] ∩ [−∞, 9] = [6, 9].

x = z − y ⇒ x ∈ [−∞, 5] ∩ ([6,∞]− [−∞, 4])
= [−∞, 5] ∩ [2,∞] = [2, 5].

y = z − x⇒ y ∈ [−∞, 4] ∩ ([6,∞]− [−∞, 5])
= [−∞, 4] ∩ [1,∞] = [1, 4].





2.4 Constraint propagation

Consider the system of two equations.

y = x2

y =
√
x.



We can build two contractors

C1 :
{
[y] = [y] ∩ [x]2
[x] = [x] ∩

√
[y]

associated to y = x2

C2 :
{
[y] = [y] ∩

√
[x]

[x] = [x] ∩ [y]2
associated to y =

√
x





















2.5 Decomposition

For complex constraints, we have to perform a decom-

position. For instance

x+ sin(xy) ≤ 0,
x ∈ [−1, 1], y ∈ [−1, 1], z ∈ [−1, 1]

can be decomposed into





a = xy
b = sin(a)
c = x+ b

,
x ∈ [−1, 1] a ∈ [−∞,∞]
y ∈ [−1, 1] b ∈ [−∞,∞]
z ∈ [−1, 1] c ∈ [−∞, 0]



3 Applications



3.1 Estimation problem



Constraints

P = EI; E = (R1 +R2) I;

U1 = R1I; U2 = R2I; E = U1 + U2.

Initial domains

R1 ∈ [0,∞]Ω, R2 ∈ [0,∞]Ω,
E ∈ [23, 26]V, I ∈ [4, 8]A,
U1 ∈ [10, 11]V, U2 ∈ [14, 17]V,
P ∈ [124, 130]W,



Constraints

P = EI; E = (R1 +R2) I;

U1 = R1I; U2 = R2I; E = U1 + U2.



We get the contracted domains

R1 ∈ [1.84,2.31] Ω, R2 ∈ [2.58,3.35]Ω,
E ∈ [24, 26]V, I ∈ [4.769,5.417]A,
U1 ∈ [10, 11]V, U2 ∈ [14,16]V,
P ∈ [124, 130]W,

instead of the initial domains

R1 ∈ [0,∞]Ω, R2 ∈ [0,∞]Ω,
E ∈ [23, 26]V, I ∈ [4, 8]A,
U1 ∈ [10, 11]V, U2 ∈ [14, 17]V,
P ∈ [124, 130]W,



3.2 Static localization

Robot with 24 ultrasonic telemeters





After set inversion



3.3 Path planning















4 SLAM



Redermor, GESMA

(Groupe d’Etude Sous-Marine de l’Atlantique)





Montrer la simulation



4.1 Sensors



GPS (Global positioning system), only at the surface.

t0 = 6000 s, ℓ0=(−4.4582279o, 48.2129206o)± 2.5m
tf = 12000 s, ℓf=(−4.4546607o, 48.2191297o)± 2.5m



Sonar (KLEIN 5400 side scan sonar).







Screenshot of SonarPro



Mine detecttion with SonarPro



Loch-Doppler returns the speed robot vr.

vr ∈ ṽr + 0.004 ∗ [−1, 1] .ṽr + 0.004 ∗ [−1, 1]



Inertial central (Octans III from IXSEA).




φ
θ
ψ




 ∈





φ̃

θ̃

ψ̃




+





1.75× 10−4. [−1, 1]
1.75× 10−4. [−1, 1]
5.27× 10−3. [−1, 1]




 .



Six mines have been detected.

i 0 1 2 3 4 5
τ(i) 7054 7092 7374 7748 9038 9688
σ(i) 1 2 1 0 1 5
r̃(i) 52.42 12.47 54.40 52.68 27.73 26.98

6 7 8 9 10 11
10024 10817 11172 11232 11279 11688
4 3 3 4 5 1

37.90 36.71 37.37 31.03 33.51 15.05



4.2 Constraints

t ∈ {6000.0, 6000.1, 6000.2, . . . , 11999.4},

i ∈ {0, 1, . . . , 11},
(
px(t)
py(t)

)

= 111120

(
0 1

cos
(
ℓy(t) ∗ π

180

)
0

)(
ℓx(t)− ℓ0x
ℓy(t)− ℓ0y

p(t) = (px(t), py(t), pz(t)),

Rψ(t) =





cosψ(t) − sinψ(t) 0
sinψ(t) cosψ(t) 0
0 0 1




 ,

Rθ(t) =






cos θ(t) 0 sin θ(t)
0 1 0

− sin θ(t) 0 cos θ(t)




 ,



Rϕ(t) =





1 0 0
0 cosϕ(t) − sinϕ(t)
0 sinϕ(t) cosϕ(t)




 ,

R(t) = Rψ(t)Rθ(t)Rϕ(t),

ṗ(t) = R(t).vr(t),

||m(σ(i))− p(τ(i))|| = r(i),

RT(τ(i)) (m(σ(i))− p(τ(i))) ∈ [0]× [0,∞]×2,

mz(σ(i))− pz(τ(i))− a(τ(i)) ∈ [−0.5, 0.5]



//-------------------------------------------------

Constants

N = 59996; // Number of time steps

Variables

R[N-1][3][3], // rotation matrices

p[N][3], // positions

v[N-1][3], // speed vectors

phi[N-1],theta[N-1],psi[N-1]; // Euler angles

px[N],py[N]; // for display only

//-------------------------------------------------



function R[3][3]=euler(phi,theta,psi)

cphi = cos(phi);

sphi = sin(phi);

ctheta = cos(theta);

stheta = sin(theta);

cpsi = cos(psi);

spsi = sin(psi);

R[1][1]=ctheta*cpsi;

R[1][2]=-cphi*spsi+stheta*cpsi*sphi;

R[1][3]=spsi*sphi+stheta*cpsi*cphi;

R[2][1]=ctheta*spsi;

R[2][2]=cpsi*cphi+stheta*spsi*sphi;

R[2][3]=-cpsi*sphi+stheta*cphi*spsi;

R[3][1]=-stheta;

R[3][2]=ctheta*sphi;

R[3][3]=ctheta*cphi;

end



contractor-list rotation

for k=1:N-1;

R[k]=euler(phi[k],theta[k],psi[k]);

end

end

//-------------------------------------------------

contractor-list statequ

for k=1:N-1;

p[k+1]=p[k]+0.1*R[k]*v[k];

end

end

//-------------------------------------------------

contractor init

inter k=1:N-1;

rotation(k)

end

end



contractor fwd

inter k=1:N-1;

statequ(k)

end

end

//-------------------------------------------------

contractor bwd

inter k=1:N-1;

statequ(N-k)

end

end



main

p[1] :=read("gps_init.dat");

v :=read("Quimper_v.dat");

phi :=read("Quimper_phi.dat");

theta :=read("Quimper_theta.dat");

psi :=read("Quimper_psi.dat");

init;

fwd;

bwd;

column(p,px,1);

column(p,py,2);

print("--- Robot positions: ---");

newplot("gesmi.dat");

plot(px,py,color(rgb(1,1,1),rgb(0,0,0)));

end



4.3 GESMI











5 Robustness



Montrer le logiciel de démo de Jan Sliwka



Portsmouth, July 12-15, 2007.













Robot Sauc’isse dans une piscine




