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o 50 = ut) RGN
u(t) = 7kP(t)26(t> e(t) A —Yret (1)
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Yp(t)

le(?)]

[HAackL, HOPFE, ILCHMANN,
MULLER, TRENN ’13]:
Das funktioniert!
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ut) 70 = u(t) v,
u(t) = —kp(0)%e(t) | () L —yrer(t) ¥p(t)
— kp(t) é(t) ~
le(?)]
_ ¥pe(t)
kp(t) = —F~———
Pp(t) — le(t)] [HACKL, HOPFE, ILCHMANN,
Yp(t) MULLER, TRENN ’13]:
kp(t) = ——————, S
Yp(t) — |é(t) Das funktioniert!

0<6< SYp(t)+p(t)

Problem: Ableitung von y nicht verfiigbar!
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High-gain Beobachter fiir jj = u
u(t) R

Observer ——

2 =2+ pik(y — 1),
o = u+ pak*(y — 21),
p1,p2 >0

[TORNAMBE '92]: k > 0 groB genug
= 21~y N zryY
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High-gain Beobachter fiir jj = u
u(t) R

Observer ——

Z1 = 29 —i—plk:(t)(y — 2’1),
2o = u+ pak(t)’(y — 21),

. 2 ;\ - )‘7 IZ‘ > 5‘ R

k(t) = ~vdy 5 (y(t) — z1(1)), dy5(2) = qlzl =2 A<|s <A
’ ’ 0, 2] <A

[BULLINGER, ILCHMANN, z,k € L* und

ALLGOWER '98]: dist(y — 21, [-\,A]) = 0
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Betrachte modifizierten Beobachter fiir §j = u

Yo(t)
Yo(t) — ly(t) — z1(t)]

1=z + (@ +pik(t) (y — 21), k(t) =

Zo=u+ (g2 +p2k(t))(y — 21),
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Betrachte modifizierten Beobachter fiir § = u

Yo(t)
Yo(t) — ly(t) — z1(t)]

1=z + (@ +pik(t) (y — 21), k(t) =
Zo=u+ (g2 +p2k(t))(y — 21),
e1: =y — 21, € := 1 — 29, k(t) =

é1=-e3 — (q1 + pik(t))er,
é2 = —(q2 + p2k(?t))e1,
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Betrachte modifizierten Beobachter fiir § = u

Yo(t)
Yo(t) — ly(t) — z1(t)]

1=z + (@ +pik(t) (y — 21), k(t) =
Zo=u+ (g2 +p2k(t))(y — 21),
e1: =y — 21, € := 1 — 29, k(t) =

é1=-e3 — (q1 + pik(t))er,
é2 = —(q2 + p2k(?t))e1,

= [_(ﬁ 1], P= [p“ pl?] st. ATP+PA=—1
—q2 0 P12 P22

P12 .
pr=1, pp=—""; é=Ae—k(t) () e
D22
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¢ = Ae—k(t) (B) ex

deTpe=c' (ATP + PA)e — k(t) (el (5)T Pe+e P (B) 61>

2
— —Jle]l> = () (11 — 22 ) &3 < —|le|?
€ P11 oo e1 =
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¢ = Ae—k(t) (B) ex

deTpe=c' (ATP + PA)e — k(t) (el( )T PeteTP(B)e )

= el = 6) (1 — 22 & < ~Jel?

= ej1,e2 € L®[0,w), Standard Funnel-Argument : k € L™
= w=o00 A e(t) >0 A k(t) =1
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Erweiterung

y () = (A, T(y, 9.,y ®)+T (A, T(y, 9, - ..,y ) (#))u(t)
T :C — L kausal, lokal Lipschitz, BIBO

loc

Thomas Berger und Timo Reis Funnel-Beobachtung



Funnel-Beobachtung
iti Thomas Berger und Timo Reis
LoV Universitat Hamburg -
Erweiterung
y () = F(A®) Ty, 9,y D)) AT (), Ty, s -y D)(E))ut)

T :C — LS. kausal, lokal Lipschitz, BIBO
Beispiele:
#(t) = Az(t) + Bu(t), y(t) = Cz(t) mit

(A1) rkc [MC_A ﬂ = n + m fiir alle A € C mit Re A > 0;

(A2) CB=CAB=...=CA" 2B =0und CA""'B € Gl,,(R).
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LoV Universitat Hamburg -
Erweiterung
y () = F(A®) Ty, 9,y D)) AT (), Ty, s -y D)(E))ut)

T :C — LS. kausal, lokal Lipschitz, BIBO
Beispiele:
#(t) = Az(t) + Bu(t), y(t) = Cz(t) mit

(A1) rkc [MC_A ﬂ = n + m fiir alle A € C mit Re A > 0;

(A2) CB=CAB=...=CA" 2B =0und CA""'B € Gl,,(R).
Ist dquivalent zu $#(t) = Ai(t) + Bu(t), y(t) = Ci(t) mit

0 I;m 0 - 0 0
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Erweiterung

y () = (A, T(y, 9.,y ®)+T (A, T(y, 9, - ..,y ) (#))u(t)
T :C — L kausal, lokal Lipschitz, BIBO

loc
Beispiele:

§i(t) = Az (1) + Bu(t), y(t) = Ci(t) mit

0 Im, 0 - 0 0

A=14 ool B=| ¢ |, €=l o~ 00]
Ry Rz - R, S CA™ 1B
PO - 0Q 0

y " (t) = Ryy(t) + ... Ry V(¢)

t
+ SeQtn(0) + / SeQU=) Py(r)dr + C A"  Bu(t).
0
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Erweiterung

y () = (A, T(y, 9.,y ®)+T (A, T(y, 9, - ..,y ) (#))u(t)
T :C — L kausal, lokal Lipschitz, BIBO

loc

Beispiele:
y () = T(y, 9, ...y D)(t) + Du(t)
mit ' = CA""'B und
T(y,...,y" "))

t
= Riy(t) + ... Ry V(t) + Se¥n(0) + / SeQE=) py(r)dr.
0
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Erweiterung

y () = (A, T(y, 9.,y ®)+T (A, T(y, 9, - ..,y ) (#))u(t)
T :C — L kausal, lokal Lipschitz, BIBO

loc

Beispiele:

B1(t) = @a(t), ..oy Era(t) =an(t), @) = (@), 2 (1))
r(t) = g1(£(), n(t) + g2(£(t), n(t))u(t),

(t) = ga(2(t), n(t)),

y(t) = x1(t)
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Erweiterung

y () = (A, T(y, 9.,y ®)+T (A, T(y, 9, - ..,y ) (#))u(t)
T :C — L kausal, lokal Lipschitz, BIBO

loc
Beispiele:
B1(t) = 22(t), oy Ep () =ap(t), 2O = (@) ()T
i (t) = g1(&(t), (1)) + g2(£(t), n(t))u(t),
0(t) = g3(&(t),n(t)),
y(t) = z1(t)

r— r— r— T
T(y,- oy N0 = Oy oty )T

y ) = g1 (T(y, -,y @®) + 92(T(y, ...y D) (X)) u(t)
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y () = f(dO), Ty, sy ) O) AT (), Ty G-,y V)(E))ul?)

21(t) = 22(t) + (g1 + prk(t)) (y(t) — 21(¢)),
Zo(t) = 23(t) + (g2 + p2k(t)) (y(t) — 21(¢)),
Zr—l(t) = ZT(t) + (QT—I +pr—lk(t))(y(t) —Z1 (t)),
4(t) = Tu(t) + (g + prk(t)) (y(t) — z1(t)),
k(1) = .
L—)?[y(t) — z1(2)[1?

mit Design-Parametern p; > 0, ¢; > 0, [ € R™ ™ und der
Funnel-Funktion ¢ : R>o = R>g

Thomas Berger und Timo Reis Funnel-Beobachtung



UH Funnel-Beobachtung
iti Thomas Berger und Timo Reis
LoV Universitat Hamburg

i1 =2+ (@ +prk(t) (y—21)
9 = 23+ (q2+p2k(t)) (y—21)

Zr—1=2rt+ (QT—l +p7’—1k(t)) (y_zl)

Zp = Dut (g +prk(t)) (y—21)
—q1 1
. } Py PlZ] (r=1)x(r—1)
A=| ¢ -~ |, pP= Pi € R, Py e RO-DXC
—gr—1 (1) [Png Pyl M 2
o

p1
1
st. ATP+PA=—I and ] = ( _ )
(m) _P221P1T2

Thomas Berger und Timo Reis Funnel-Beobachtung



UH Funnel-Beobachtung
iti Thomas Berger und Timo Reis
LoV Universitat Hamburg

i1 =2+ (@ +prk(t) (y—21)
9 = 23+ (q2+p2k(t)) (y—21)

Zr—1=2rt+ (QT—l +p7’—1k(t)) (y_zl)

% = Tu+ (qr—i—prk(t)) (y—z1)
-1 1
. . P Pio (r=1)x(r—1)
A= : . , P= P eR, PyeRY "
—gr_1 1 [Png PQQ] H >
—qr 0
p1
st. ATP4+PA=—TI and D] = ( 11 T)
Pr _P22 P12
Theorem:

Y,... 7y(T_1) €L® = Bly«-os2r;s ke L>* A |y(t) _Zl(t)’ < QzZ)O(t)
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Simulation - Bioreaktor
. B aym(t)s(t) (it
o arazm(t)s(t) wr— ()
§(t) = —a2m<t>+s(t)+( 4 — s(t))u(t),

y(t) = m(t),

m - Konzentration Mikroorganismen, m(0) = 0.075
s - Konzentration Substrat, s(0) = 0.03

u - Substrateinflussrate
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Simulation - Bioreaktor
. B aym(t)s(t) (it
o arazm(t)s(t) wr— ()
§(t) = —a2m<t>+s(t)+( 4 — s(t))u(t),

y(t) = m(t),
m - Konzentration Mikroorganismen, m(0) = 0.075

s - Konzentration Substrat, s(0) = 0.03

u - Substrateinflussrate

0.08, € [0,30) =0, q=1, =02,
u(t)=14 0.02, t€[30,50) p1=1, pp=4
008 =50, o(t) = %te*t + % arctant.
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A-strip Beobachter [BIA "98]:

012 ————1 —

-

- i

0.025

30 %
tme (]

Funnel-Beobachtung
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Funnel-Beobachter:

0.1y -

0.08

0.06

0.04

0.02

0.03
0.025
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0.015}
0.01

0.005
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