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1 Intervals for robotics



1.1 Robust control
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Finding one robust controller amounts to find one point
inside the set

Tc = {c € [c] | Vp € [p], 7(c,p) > O}



Approximation of the set =T



1.2 Calibration




The calibration of the robot Staubli RX90 amounts to solve
a parametric estimation problem where the parameter vec-
tor is

P = (To,()él,d]_,’l“]_,...,Oé5,d5,’l“5,056,d6,
6o, 07, ... , 05,
1 ;1 ;1 ;2 32 32 33 13 ;3
bL, b2, b1 02, 02,52, b3, b3, 13).
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1.3 Path planning
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Configuration space









1.4 Nonlinear control



State equations of a sailboat

r = v cos O
y = vsinf — BV
Q w
by = us
{ or = up
. Jssinds— frsindr—a v
v o= —
. . (f—?“g COS 53)](‘3—7“7“ COoS 5frffr—0é9w
W= J
fs = as(Vcos(0+ds) —wvsinds)
fr = Qv Sin Op.



Polar speed diagram
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fssinds— frsind,r— apy _0

(b—rs coséﬂsfs rrcosorfr —0
fs = as (V cos (6 + ds) — vsinds)

fr = ayvsindy
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1.5 State estimation
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1.6 SLAM



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






Trajectory reconstructed by GESMI



2 SAUC’E competition

In Portsmouth, July 12-15, 2007.
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3 SAUC’ISSE



(show the movie)


















4 Localization and control



4.1 Principle
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4.2 Some intervals



S={z € R v((z € [a(1)]),. .-, (z € la(m)])},

where ~v is any Boolean function. An optimal contractor
for S'is .

Algorithm Relax(in: ~, [z], [a(1)], ..., [a(m)], out: [x])

1 X ={2",2",a"(1),at(1),...,a"(m),a*(m)}
2 V={veXxnlz], v((ve€la(1)]),...,(v € [a(m)])}

3 Return the smallest interval which encloses V.




Vector case. If

S={xeR" y((xela(D)]),..., (x € [a(m)]))},

where v is an increasing Boolean function, then,

v((x € [a(1)]),.--, (x € [a(m)]))
= Vied{l,..., nt,v((x; € [a;(1)]),- -, (z; € [a;(m)]))

Thus, a contractor for S is given by

Algorithm Relax(in: ~, [x], [a(1)], ..., [a(m)], out: [x])
1 fort=1ton

2 Relax(v, [z], [a:(1)], - - -, lai(m)])




Example: If

Y((x e X),(x€Y),(xeZ))
< X belongs to at least 2 of the 3 boxes X, Y, Z.
& (xeX AxeY)v(xeX AxeZ)
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The black box is the 2-intersection of 9 boxes



4.3 QObserver

Consider the discrete time dynamic system

x(k+1) = fi(x(k))
y(k) = g(x(k)).

In a bounded-error context, we generally assume that

y(k) € Y(k).



To robustify against outliers, we make the following as-
sumption:

Outliers may exist for the outputs but within any time win-
dow of length £ we never have more than g outliers.



We can thus define recursively the feasible set X(k) for
x(k):

(i) X(k) = R™, if k < 0.

(i) and X(k + 1) is the set of all x(k+ 1) € R™ such that

[ Ix(k—¥¢) e X(k—¥),..., Ix(k) € X(k),

Jy(k—£),...,3y(k),

x(k—£0+1)="f_yx(k—2)),..., x(k + 1) = fr.(x(k))

y(k =€) = g(x(k —¥£)),...,y(k) = g(x(k))
N((y(k—20) eY(k—10)...,(y(k) € Y(k))).
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Assume that f;. is invertible, i.e.,

x(k + 1) = fi(x(k)) < x(k) = Fo(x(k + 1)).

Define the functions

fo(x(k+1)) =f_g0- - oFy_q o fy (x(k+1)).

Then, we have
( x(k — £) ) ( F L (x(k + 1)) )
x(k) )\ Bxk+1) )

( y(k — 0) ) g o Tt (x(k + 1))
y (k) goflx(k+1) |

and



Thus X(k + 1) is given by the set of all x(k + 1) € R"
such that

(M (x(k+1) eX(k— L) A ...

- AL (x(k + 1)) € X(k),

A (gof?rl(x(k—i-l))6Y(k—€)>,..., ‘
g (go f (x(k+1)) € Y(k))
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or equivalently

(f,'g)‘l (X(k — i — 1)))

ﬂ( N (gof’;;)l(Y(kil))).
ie{1
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