Adaptive tracking within
prescribed funnels

A. lichmann (TU limenau, DE),
E.P. Ryan (Univ. of Bath, UK),
S. Trenn* (TU limenau, DE)

September 3rd, 2004
Taipeh

*Stephan.Trenn@web.de



Adaptive tracking within prescribed funnels

————————

w(t) = —k(t)e(t)

y=y+n
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Class of systems: Linear SISO example

y(t) = A1 y(t) + Az z(t) + cb u(t) y(0) =4 e R
2(t) = Az y(t) + Az 2(t) 2(0) = 20 ¢ R*1

cb > 0 Aa Hurwitz

—

u(t) = —k y(t) stabilises for k£ > 1
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System class

i(®) = £(p, (Ty)O.u®) 9|, o =1° € C((=h, 0], RM)

1. pe L®(R.,,RF)

2. f € C(RF xRY x RM RM)
3. V compact C C R x R? V(u,) € (RM\{O})N ;

|un|| — co as n — oo = lim min (uy,, f(v,w,uy))/||u,|| = o
n—0o0 (v,w)eC

4. bounded, causal and locally Lipschitz operator
T:C([-h,0),RM) — L2 (R, R?)

loc >0
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Control objectives
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Theorem (Linear example)

g(t) = A1 y(t) + Az 2(t) + cb u(t) y(0) =y €R
2(t) = Az y(t) + Aq 2(2) 2(0) = 20 e R”
1

cb >0 Aq Hurwitz u(t) = — o) He(t}H e(t)
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Property 1 VK >03de>0V(te) e F:

dist(e,0F;) <e = Kg(t,e)>K

Property 2 Ve>0Vd>0dK >0V (t,e) € F:

[dist<e, (9.7-}) >e and t>96 = Kr(t,e) <K
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Applications: Bioreactor

temperature T'(t)

gain k(t)

340

320

[
=3
S

n
@
o

260

240
Q

120

100

[
=]

o
o

IS
o

—T'(¢)
T*
---- Funnel

time1'%/[min]2

k(1)

0.5 1 time1%/[min]2 2.5 3

L
2.5 3

340

320

[
=3
S

temperature T'(t)

260

240
Q

120

100

[
=]

gain k(t)

20

Adaptive tracking within prescribed funnels

—T(t) ]
T*
- --- Funnel

I L
0.5 2.5 3

time1'%/[min]2

k(1)

o time't/[minf s N



@
)
c
c

3

o
()

Q
P
O
(%7)
o
Q

RS

ES
S
(@)

S

3
=

s
]
T

o

<

Theorem

le()]




