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1 The Redermor



The Redermor, made by GESMA
(Groupe d'Etude Sous-Marine de I'Atlantique)



The Redermor at the surface



Show simulation



2 Control



State equations

v cos 6 cos
v cos O sin Y

—vsinf

ui

sin ¢ cos ¢
cos 0 U2 + cos U3

COS .Uy — Sin Y. U3
tan 6 (sin p.us + cos p.u3z) .



Controller

1 V.CH.Cy) V.CY-Sy)y —V.Sg
u = — _S'QD'SSO — 80°C¢'CSO Cw.SSp — SQ’CSO’S'QD _CQ°CQO
—Cp-Syp T 89-Coy-Sp  Co)p-Cp T 59.5¢p-Sp  CY-Sep
V.CY-Cy)

x| (W—p)+2|W-— V.CY- Sy + W
—v.8g



3 SLAM



Localization

Given a map, determine the robot's location. The mark

locations are known.

The localization problem is a state estimation problem.

The model is

y = 8(x)
where x = (x,vy, 2, ¢, 0,19, v).

{ x = f(x,u)



SLAM (simultaneous localization and mapping)

The mark locations are unknown.

Compute the location of the robot as well as the locations
of the marks.



Why choosing an interval constraint approach ?

1) A reliable method is needed.

2) The model is nonlinear.
3) The noises are non Gaussian and their pdf are unknown.

4) Guaranteed error bounds are provided by the construc-

tors of available sensors.
5) A huge number of redundant data are available.



4 Sensors



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

to=6000s, (0= (—4.4582279°, 48.2129206°) + 2.5m
tp=12000s, ¢/=(—4.4546607°,48.2191297°) + 2.5m



A sonar (KLEIN 5400 side scan sonar). Gives the distance
r between the robot to the detected object.
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Detection of a mine using SonarPro



A Loch-Doppler. Returns the speed of the robot v, and
the altitude a of the robot &= 10cm.



A Gyrocompass (Octans Il from IXSEA). Returns the roll
¢, the pitch 6 and the head 1) the robots.

b b 1.75 x 1074, [—1,

1,1]
0 el 6 |+]| 1.75 x 1074, [-1,1]
0 W 5.27 x 1073, [-1, 1]




5 Data

For each time ¢ € {6000.0,6000.1,6000.2,...,11999.4},
we get intervals for

¢(t), 0(t), (1), vr (), vy (£), vy (2), a(t).



Six mines have been detected

i 0 1 2 3 4 5
r(i) 7054 7092 7374 7748 9038 9688
o(i) 1 2 1 0 1 5
7(i) 52.42 12.47 54.40 52.68 27.73 26.98

6 I 3 9 10 11
10024 10817 11172 11232 11279 11688
4 3 3 4 5 1
3790 36.71 37.37 31.03 33.51 15.05




6 Constraints satisfaction problem

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

i c{0,1,...,11},

pell) ) = 0 LY [ ta(t) =2
< py(t) ) = 111120 ( cos (gy(t) * 1%0> 0 ) < y(t) — 58 ) )
P(t) = (p(t), py(t), p=(1)),

cos(t) —siny(t) O
Ry (t) = ( sin Bp(t) cos (1) 0)

0 1
( cosf(t) 0 sinf(t) )
Rg(t) = 0 1 0 :
—sin6(t) 0 cosf(t)



1 0 0
Ry(t) = ( 0 cosp(t) —sinp(t) ) :

0 sinp(t) cos(t)
R(t) = Ry(t)Ro(t)Re(2),
p(t) = R(1).vr(2),
[lm(o(2)) — p(7(9))]] = r(2),
R'(7(i)) (m(a()) — p(7(i))) € [0] x [0, 00]*2,

mz(o(2)) — pz(7(2)) — a(7(2)) € [-0.5,0.5]



{ Interval constraint propagation



7.1 Interval arithmetic



If o € {+,—,.,/, max, min}

[z] o[yl = {z oy |z € [z],y € [y]}].

For instance,

[_173][275] — [?7 ?]7



If o € {+,—,.,/, max, min}

[z] o[yl = {z oy |z € [z],y € [y]}].

For instance,

[—1,3]+[2,5] =[1,38],
[—1,3].[2,5] =[5, 15],



[, 2%+ [y, y7]
[, =" ][y, y™]

2, 7],
2,7].



272" + [y yTl= [z7 +y 2" +y7],
[z7, 2 )y Tyl = [rTyT ArTyT AxTyT AaTyT,
Ty  VaTy VvV yT VvzTyT].



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

f=]) = [{f(z) [z € [=]}].

For instance,

sin ([0, 7]) = 7, 7],
sqr ([-1,3]) = [%,7]
abs([-7,1]) = 7, 7]

sqrt ([—10,4]) = 7, 7],
log ([—2,—1]) = 7, 7]




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

f=]) = [{f(z) [z € [=]}].

For instance,

sin ([0,7]) = [0,1],
sar ([-1,3]) = [-1,3]*=[0,9],
abs([-7,1]) = [0,7],
sqrt ([—10,4]) = /[-10,4] = [0, 2],
log ([-2,—1]) = 0.



7.2 Constraint projection

Let x,y, z be 3 variables such that

r € [—o0,b],
y € [—o0,4],
z € [6,00],
zZ = T+Y.

The values < 2 for , < 1 for y and > 9 for z are incon-
sistent.



Since x € [—00,5],y € [—00,4],2z € [6,00] and z =
x + vy, we have

Z=T+Y=> zZE€ :6,oo]ﬂ([—oo,5:—|—:—00,4:)

T=z—Y= TE —OO,5]ﬁ([6,00——OO,4)
Yy=z—x = yc :_0074]ﬁ([6700:_:_0075:)
— :_0074] M [1700 — 174




sinus

y =sin(x), = € [z], y € [y]




7.3 Constraint propagation

Consider the three constraints
(C1):  y=2a?
(C2): =zy=1
(C3): y=—-2zx+1

To each variable we assign the domain [—o0, c0].
Constraint propagation amounts to project all constraints
until equilibrium.
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(C1) =
(C2) =
(C3) =

(C1) =
(C2) =

Y €
xr €
Yy €

xr &

Yy €
xr &

[_0070012 — [0700]

1/[0,00] = [0, o0}

— [07 OO] M ([_007 1]) — [07 1]
=[0,1/2]

[0,1] N [0,1/2]* = [0,1/4]
[0,1/2] N 1/[0,1/4] =0
[0,1/4]N1/0 =10



7.4 Decomposition

For more complex constraints, we have to perform a de-
composition.



Example 1

x + sin(y) — xz < 0,
S [_17 1]7y S [_17 1]72 S [_17 1]

can be decomposed into

[ a = sin(y)
b=x+a
c=2xz

L b—c=d

z € [-1,1] a € [—o0, 0]

y€[-1,1] b€ [—o0, ]

z€[-1,1] c € [—o0, ]
d € [—o0,0]



Example 2. Matrix constraint

y = Ax
x € [x] CR?,y € [y] C R?
A € [A]
Decomposition
Y1 = G111 + 122
Y2 = ap1x1 + a2x)

2] = a11%1, 22 = G122, Y1 = 21 + 22

23 = a21x1, 24 = AT, Yo = 23 + 24 .

21 € [0, 0], ..., 24 € [—00, 0]



Example 3

y = Rx XE[X],YE[Y]
Rot(R) ’ R € [R]

Contractions

ly] : =I[y]lNn[R]*[x],
x] : =[x]N[R]" *[y],



Example 4. Differential constraint.

p(t) = R(t).vr(t)
vVt € [to, t1], R(t) € [R], vr(t) € [vr]

Since
p(12) = plto)+ ' RDVr(t) € plt0)+H(t1—to). [R]. [vi]

the domains for p(tg) and p(¢1) can be contracted as fol-

lows

[p](t1) = [p](t1) N ([p] (to) + (t1 —to)- [R] . [vr]),
[p] (to) = [p](t0) N ([P](t1) + (to —t1)-[R] . [vr]).



8 Resolution of equations



Consider the system

{ J 3sin(z) reR, yelR.
y = @
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(lllustration with Proj2D)



9 GESMI

GESMI (Guaranteed Estimation of Sea Mines with
Intervals)



e e e R R L e R o S

e
vold Crult (imatrix& C, imatrix& A, imatrix& B)
i for (int i=1; i<=C.diml{) ; i++)
for (int j=1; Jj«<=C.dim2 () :; J++]
{ box a=Rowilk,i):
hox b=Columni(B, jl:
interval oc=C.GetWVal(i, j):
CProd3calaireic, a, hi; C.Z3etValii,j,c):
for [(int k=1; k<=i.dimzZ () ; k++)
{A.3ecValii,k,alkl)1:B.3ecValik, i, bl(k]l1:}:
} E
A e
void Crult (boxé& o, imatrix& 4, bhox& b)
1 for (int i=1; i<=c.dim; i++)
{ box a=Rowili,i):
CProd3calaire(c[i] ,a,b);
for (int k=1; k<=bh.dim; k++) ALA.ZetVal(i,k,al[k]):
h h
A e e
void Crotiimatrix& R)
1 imatrix Rt=Transpose (R]:;
imatrix I=iEve(R.dimil()]):
Crualt (I, R,RBc);
}
e
void Cantisymi{imatrixs A4)
{ for (int i=1; i<=i.diml{); i++)

{ A.SBetWVal(i,i,interval (-0,0)]:
for (int j=i+1; j<=i.diml{(); J++)
{ A.ZetVal(j,i,Inter (-A(i,3),4(3,1))):
L.SetValii,j,Inter (A{i,3),-&(3,1)1)):



int TForml::Contract Forward(wvoid)
i for [(int k=0:k<knax:k++)
F[k+1] .Intersect (P[K]+dT*Rot[k] *vr[k]):

e
int TForml::Contract Backward(void)
1 for (int k=kmax-Z;k>=0;k--)

P[K] . Intersect (P[k+1] -dT*RFotc[k] *vr[k] ] :
h
Afmmmm————_—————————————————————————————————

int TForml::Contract MNine (void)
i for (int k=0:k<knax: k++)
for (int kw=0;k<kmnax: kaot++)
if (W[K] .wvul[km] )
i Cplusimines[kn] .P[3],PL[K][3].,alk] ., 1):
Cdistance (W[k] .x[kn] ,P[Kk] ;mines[kmn] .P);
Wlk] .e[kw] . Intersect (P[k] -mines[kn] .P);
Wlk] .e[kn] . Intersect (Bot[kK] *W[k] .er[kan] )
Crmoins (W[k] .e[kwo] ,P[K] ,mines[ko] .FP,-1):
b h
s T
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Trajectory reconstructed by GESMI
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Waterfall reconstructed by GESMI



