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1 Problem

% (t) = f (x(t),t) + b(2) /
h(x(t) =0= g(x(t) € W(t) /%
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2 Tubes



- h "

x (t),x(t),b(t).

% 5"
[x] (?), [x] (2) , [b] (¢)-

% (t) = £ (x(t),t) + b(2)
h(x(t)) =0=g(x(t)) e W(t).



Decomposition

% (t) = £ (x(t),t) + b(t)

% (t) = £ (x(t),t) + b(t) v (t) = h(x(t))
h(x(t) =0 = g(t) = 92 (x (1) x(t)
= g(x(t)) € W(2) y (1) = g (x(t))

v(t) = 0=y (t) € W(2)
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[x] (2)
6!% 2 T
[k6,kd + 6], ke N

$

o > 0,
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& 7 - K 2

k ([ta, t3]) = {k € N, 3t € [ta, 1], t € [kS, kS + 6]} .



Integral

B () dr = 5% B ().
° ker([to,t])

S -%
xWeM®=

- -0 tto [x] (1) dT

x (7)dr € tt [x] (7) dT
0



h % 2 ’ I

x(t) = f(x(t),t)+ b(¢)
y(t) % (x (£)) X(t)
u(t) B (x (1)) .x(t).
- x(t) g@t) o)

x](t) = [f]([x](?),t) + [b] (¢)
gl = 52 (K@) K@)
0] (1) = gr (X1 (9)-K@).



Propagation

[x](0)

x(7)

x*(1)

e

e

29

[x] () = x~(¢),x7(t) >x*(t)
-9% $



3 Visibility contractor



0] (¢), [yl (¢) - $°
v(t) =0=y(t) € W(t).



3.1 Contraction of [y] (%)

v(t) =0=y(t) € W(t).



Theorem1 20e€w([t]) - 2 t

v e  WENE)+  [l(a).da .
relt] T

Proof 20€w([t]) - 3Jre€]t],v(r)=0.

y(m) e W(r)N[y] (1)
" y(t) =y (1) + Ly(a).de,

y()) € W@ NBIM)+  [3](0) da



Corollary. 20 € v ([t]) - 2 t
y(t) € (W () N[yl (7)) + [wol (¢) — [wol (7)) -

TE([t]
ol = 1i1(e) dx

Proof y9 - $ % 29 "- - yo(0)=0.



2 [y] (¢)
e S - [wl= ![(a).da

o 3 ) - "

[l (t) = [wl() N
LW () 0 [y] (7)) + [yol (£) — [wo] (1)}

TE(t]
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3.2 Contraction of [v] (%)

v(t) =0=y(t) € W(t).



Theorem 2 8 - %

vt e [t], [y] ) "W () =0 =0 ¢ v ([t]).

Proof 20 € v([t]) - 37t €t],v(r) =0

y(r) € W(r) y(r) €lyl(r) -"-
- - $



2 [v] ()8

o % [t] 2R "= - Vtelt],[y] ()N
W (t) =0
. 2 treft] - - [u(t1) #O
2 [v](t1) >0 - [v]([t]) := [v] (¢) N[0, o0]

2 [v](t1) <0 = [ ([t]) := [v] ([t]) N [=00,0].



4 Test-case
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[s] =

"% 2 -

[s—,sT] = [1, 10]

(0,0)

%



x1sin(x3+ x4) —xocos(x3 + x4) [0
—x1cos (x3 + x4) — xosin(x3 + x4) /

-h(x)  g(x)

1
"1



S -%

h(x) =0 g(x) € [s]N[—o0,d] = d=g(x).

(ANB=C)< (A= -BVvC(C),

h(x) =0 = g(x) ¢ ([s]N[-00,d]) d=g(x).
& g(x(t)) €[—o0,s7]U[sT, 0] U[d, 0]
= g(x(t)) € [—o0,s JU[sT, 0] U[d™, 0]
W(¥)
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- T $ (4 9(x(2))
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Envelope of the trajectory

/21 % $ -
/ -1 % $



Constructing the map
M = { (21,22),3t €0,40], 3x € [x] (¢)

z1 = 21 (t) + d(¢). cos (z3 (¢) + 4 (1)) ;
zp = x2 (1) + d().sin (z3 () + z4(t)) }
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