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d = sinu
cos () —u) +cos ¥ >0

Controller in: (d,v,q); outiu

if > —1 > 0 then ¢ := sign (d)

if cos (¢ +atan (d)) + cos T <0V (d? < 1Acost) + cos T < 0)
then u =7+ — q7.
else u := —atan (d) .
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Simulation in the ([ cosu, d)-space
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Formalism

Given Q—, QT disjoint and closed, two smooth functions f,, f,. We

define [3]
. B f, (x,q) if x e A
sw:d feg = {fb(xvq) fxeB=A
' q = -1 assoonasx € Q~

= +1 as soon as x € QF
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Sliding surface
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Formalism

The sliding surface S (A) for S (A) is the subset of JA such that
the state can slide inside for a non degenerated interval of time.
Since Q—, Q™ are disjoint, we have

S(A) =Sg=—1(A) USg=41 (A)
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Formalism

We can thus assume that ¢ is fixed and find the sliding surfaces for

. f, (x) ifxeA
S(A): % = {fb(x) ifxeB=A
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Formalism

The Lie derivative of ¢ : R®™ — R with respect to f is

L5060 = 9 ()£ (x).
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Formalism

If A:c(x) <0, then

S(A) =0ANn{x|L; (x) >0 AL;(x)<0}.
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Sliding set S (A) (red) for A = {x|c(x) < 0}
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Formalism

Proposition. If we have two closed sets A; and Ay. We have [3]

(1) S(A1NA2) = (S(A1)NA)U(S(A2) NA)
(ZZ) S (Al U AQ) = (S (Al) ﬂAQ) U (S (Ag) ﬂAl)
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With easy-boat

Three problems:
e Safety : the sailboat never goes against the wind. [1]
o Capture : The boat will be captured by its corridor [2]

o Characterize of the sliding surface.
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With easy-boat

We take x = (d, ),

Function f (x, q)

if cos (z2 + atanzy) +cosf <0V (x% —1<0Acoswy +cos < 0)
then v := 7 + 22 — g7
else v := —atanx;.

Return (sinw, 0)
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With easy-boat

x = (d, ) : )
[ sin(m+x2 —q%
fa(X’q)_ 0 >
[ sin(—atanxy)

o = (O

Ay = {x| cos (z2 + atanzy) + cos § < 0}
Ay ={x|2f-1<0}
A3:{X|cosx2+cos§§0}

A=A U (AQ N Ag)

Q ={x|z1+1<0}

Qf ={x|1—=z; <0}
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With easy-boat

L3 (x,q)

Ly (%)

L3 (x,q)

£y (x)

% (x) - £, (x,q) = —sin(%—x2£§ii(1atan(xl)+m2)
% (x)-fy(x,q9) = m(at\?%%z)zl
1

do (%) -f, (x) = 2sin(4F _32) 2

2 —2x
W00 h(xa) = oes
des (x) £, (x,q) = .
LC; (x)-f(x,q9) = 0

oA NLIn (LI NnQ ULl (-1)nQ*
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With easy-boat
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With easy-boat
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