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Problem Statement Bl

» Many control theory problems have a solution set that
can be written into the form

S£{peP|(3qg<c Q)f(p,q) =0}

» where P is a box of R™, Q Is a box of R" and f Is a
continuous function from R"»*" to R"/.

» Challenging problem: General algorithm able to find an
Inner and an outer approximation of S.
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Example: Sailboat Modelization
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r = v cos 0,
y = vsin @ — Loy,
0 = w,
68 — ui,
5,’, p— u2,
. fssindgs— fr sin 57»—041:1)
) = :
o (—7rscosds)fs—ry cosdy fr—agw
J )
fs =  as(vywcos(0+ ds) —wvsinds),
fr = O SIN O

The state vector x = (x,y, 6, ds, 0y, v,w)T € R”.The inputs »; and
uq Of the system are the derivatives of the angles ¢, and J,..
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Example: Polar Diagram of a Sailboat

» The polar diagram of the sallboat is the set S of all
pairs (¢,v) that can be reached by the boat, in a

cruising mode.
Max speed

Wiind speeds 258, 15,04

180
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Example: Polar Diagram of a Sailboat

» In boat’s cruising mode, the speed of the boat, its
angular velocity, ... are assumed to be constant, I.e.,

Then, we get

( — fssinds—frsind,—ayv
0 = = )
0 - (b—rscosds)fs—rr cos iy fr
< F 7 ’
fs = s (vycos(0+0ds) —vsindg),
| fr = Q- Sin O
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Example: Polar Diagram of a Sailboat

» The polar diagram can be written as

S = {(v,0) | 36,,38,.f (v,6,6,,85) =0},
where

£(v,0,5,,65) = ( a5 (Vg cos (0 + 6s) — vsin ds) sin 65 — arvsin? §, — a v )

(0 —rscosds) as (Vy cos (0 4+ s) —vsinds) — rrau-vsin d, cos o,
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Example: Polar Diagram of a Sailboat

» An elimination of ¢, yields to

S = {(6,0)/(36: € [-5, 5)) £(6,0,6:) =0},

where

f(97 v, 68) : <(ar + 20éf) Lan 2045[0’“’ Cos ((9 i 58) Sl 58 e ZQSU SiIl2 58)2

2
+ (20‘8 (£ —rscosds) (v cos (0 + 65) — vsin 58)> — o202,

Tr
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Quantified Set Inversion Algorithm g

_— e . P1
W H PCS && P C =S :....: Undefined I
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Quantified Set Inversion Algorithm

S={pec P|(3q € Q)f(p,q) =0},

Rulel: PCS& (Vp € P)(3g € Q)f(p,q) =0,
Rule2: PC =S« (Vpe P)-((dg € Q)f(p,q) =0),

Rule 3 : Undefined < —(Rule 1) A =(Rule 2).
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» MIA makes equivalent a V3-first order constraint to an
Interval inclusion.

Rule1: (Vp € P)(dq € Q)f(p,q) =0 <
[ (P, Q) < |0,0].

Rule 2: (Vp € P)=((3¢ € Q)f(p,q) =0)
f (P, Q) £ [0,0].
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f*Algorithm

— (X
(f(a:), X) —® - Modal Interval Arithmetic Library n’n(f ( ))

- Branch-and-Bound Algorithm Tolerance

Tolerance —— Symbolic Differentiation

—> Out(f*(X))
- Optimality Theorems
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Fstar Algorithm - Example i

s Checkif (0©,V) = (|r,27],[2.5,5]) CS

(VO € |m,27])(Vv € [2.5,5])(Fds € [—7/2,7/2])
((ozr + 20 f) v — 2050y, €08 (0 + 05) sin ds + 2050 sin? 53)2
2
— (27?‘ (£ — rscosdy) (v, cos (0 + 05) — vsin 53)) —a2v? = 0.

™

s where v,, =10, ay =60, a, =300, rs =1, 7. =2, [ = 1.

o Since,

Out(fR*(0,v,d5)) = [1.1e + 05, —9.3e + 03] C [0,0] = (O, V) € S.
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Polar Diagram - Test Case

s Forv, =10, ay =60, o, =300, 75 =1, 7, =2, [ =1,
and a search space (0,V) of (|0, 2x], [0, 20]), the
following solution is obtained.
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Sailboat Control Application

MiceLab.
)

» Objective: Automatically control the speed v and the
orientation 6 of a sailboat.

Pre-compensator

N

p.15/16

Feedback - 2
liniarisation 5
(0)
X
On-line

INtCPO5 - 1 October 2005 - Sitges



L )
Control Application gl

= Dema Sailboat 6 6.6 |
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