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Ei(t) = Ax(t)+ Bu(t)
y(t) Cx(t) = Zinm
E,A e R>n, B e R>*™  (C e Rm™*»
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Ei(t) = Ax(t)+ Bu(t)
y(t) = Cux(t) = Linm

|
E,AcR>*", B e Rxm  C e R™X"
Y J1E, A, B,C] -7
Jr
funnel e — Yref
controller ~
e(t 1
= Je®)] o
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Nulldynamik:

Fr = Ax+ Bu

ZD =<} (z,u,y)
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Nulldynamik:

Fr = Ax+ Bu

__ ZD = T, U,
(z,u, y) 0= 4 = Co
ZD autonom :<—
Ywi,wy € ZD VI C R open interval :
’LU1’I: wo|p = W1 = w2
|
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Nulldynamik:

Fr = Ax+ Bu

ZD =<} (z,u,y)

ZD autonom :<—>

Ywi,wy € ZD VI C R open interval :

’LU1’I: w2|1 — W1 = W2

sE—A —-B

Prop.: ZD autonom <= rkR[S][ _C 0

]—n—i—m
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Nulldynamik:

0= y = Czx

Fr = A B
zpsz{u,u,y)‘ v e }

ZD autonom :<—>

Ywi,wy € ZD VI C R open interval :

’LU1’I: w2|1 — W1 = W2

sE—A —-B
-C 0

ZD stabil :<—= Vw e ZD: limyow(t) =0

Prop.: ZD autonom <= rkg[ [ ] =n4+m
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Nulldynamik:

0= y = Czx

Ex = A B
ZD::{(ar,u,y)‘ * T B }

ZD autonom :<—>

Ywi,wy € ZD VI C R open interval :

’LU1’I: w2|1 — W1 = W2

sE—A —-B
—C 0

ZD stabil :<—= Vw e ZD: limyow(t) =0

Prop.: ZD autonom <= rkg[ [ ] =n4+m

Lem.: ZD stabil = ZD autonom
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VY C R™ heift (E, A, B)-invariant :<—= AV C EV +1im B
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VY C R™ heift (E, A, B)-invariant :<—= AV C EV +1im B

Wihle V € R™*F mit rkV = k, so dass

imV =sup{V | Vist (E, A, B)-invariant A V CkerC }
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VY C R™ heift (E, A, B)-invariant :<—= AV C EV +1im B

|
Wihle V € R™*F mit rkV = k, so dass
imV =sup{V | Vist (E, A, B)-invariant A V CkerC }
Proposition:
(A1) tkB=m
ZD autonom <— (A2) kerENimV = {0}
(A3) imBNim EV = {0}
____|

Funnel control fiir DAEs Nulldynamik

Thomas Berger TECHNISCHE UNIVERSITAT

Institut fiir Mathematik, TU llmenau Page 4 /11 ILMENAU



Prop.: (z,u,y) € ZD <= VteR: z(t) €imV
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Prop.: (z,u,y) € ZD <= VteR: z(t) €imV
___|

Theorem (,,Normalform*)
e [E,A B,C| €%, mit ZD autonom
e imV =sup{V | Vist (E, A, B)-invariant A V CkerC }

— 385 eGL[R),W eR>™" k) . [V,IW] € Gl,(R) A

I, Es A A 0
SE[V,W]= |0 E|, SAV,W] = |43 A4|, SB= |I.|,
0 FEg 0 Ag 0

— ClV, W] =1[0,C%]
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B Theorem (-»Normalform* DAE)
[E,A,B,C] € ¥, mit

e tkC'=m
e ZD autonom
o I' = limg 00 5710, [;n] L(5)[0, I;n] T € R™X™ existiert, wobei

L(s) Linksinverse von [SJE_CA 21 iiber R(s) ist

— [E, A, B,C] hat die Form

1 = Quxi1+ Ay — E13d3

Iy = Apy+U(z1(0),y) +u

r3 = Zz;é N¥ Bgg yk+1)
= 0 = Apy—Epy— Ei3is
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B Theorem (-»Normalform* DAE)
[E,A,B,C] € ¥, mit

e tkC'=m
e ZD autonom
o I' = limg 00 5710, [;n] L(5)[0, I;n] T € R™X™ existiert, wobei

L(s) Linksinverse von [SJE_CA 21 iiber R(s) ist

— [E, A, B,C] hat die Form

1 = Quxi1+ Ay — E13d3

Iy = Apy+U(z1(0),y) +u

wy = YopZo NEEsykth
= 0 = Apy—Epy— Ei3is

Lem.: ZD stabil <— o(Q) C C_
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__ [E, A, B, C] rechts-invertierbar :<—

3k e NVy e C*(R;R™) 3 (z,u) € C(R;R") x C(R;R™) :
(x,u,y) l6st [E, A, B, C]
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__ [E, A, B, C] rechts-invertierbar :<—
3k e NVy e C*(R;R™) 3 (z,u) € C(R;R") x C(R;R™) :

— (2, u,y) 6st [E, A, B, C]
Proposition
e ZD autonom
o T =limy o0 510, I,,,] L(8)[0, I,] T existiert
[E, A, B, C] rechts-invertierbar <— 1kC =m A
1 = Qx1+ Ay — Ei313
Ty = Apy+T¥(21(0),y) +u
x3 = Yop_o NFEsy+y
_— 0 = Apy— Ep— Y12 BN Es y*+?
=0 =0 =0
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B Theorem (funnel control)

[E,A,B,C] € Sy pm mit
o ZD stabil

e [E, A, B,C] rechts-invertierbar
o T'=limy 00 5710, I,n]L(5)[0, I,;,] " existiert und T =TT >0

Dann erreicht der funnel controller

u(t) = k(elt),  wobei () = y(t) — yuur(0)
i
M = T e

angewendet auf [E, A, B, C], dass

rE€L® keL® A Fe>0Vt>0: |et)] <o)t —¢
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Ex(t) = Ax(t)+ Bu(t)

y(t) = Ca(1)
E,A c IRan7 Be Rixm c Rmxn

v J1E A B,C] o7
_|_
funnel e —  UYref
controller ~
e(t 1
— Je(o) o
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Beweisskizze:
|
I, E» A Ay 0
SEV,W]|= 1|0 E4|, SA[V,W]= A3 A4|, SB= |In]|,
0 Es 0 Ag 0
ClV,W]=0,Cs]
imV C kerC
|
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Beweisskizze:
|
I, Es A Ay 0
SEV,W]= |0 Ey|, SA[V,W]= |As A4|, SB= |I,]|,
0 Fg 0 Ag 0
ClV,W] =[0,C,]
(A3) imBNim EV ={0} = [EV,B] full rank
I, 0
= S[EV,B]=|0 I,
0 O
|
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Beweisskizze:
—
Iy, Es A A 0
SEV,W]|= 10 E4|, SA[V,W]= |43 A4|, SB= |1,
0 Eg 0 Ag 0
ClV.W]=10,C5]
(E, A, B)-Invarianz < AV = EVN + BM
Ay I 0
= SV |A3| =AV=EVN+BM=S"'|0|N+S ' |L,| M
As 0 0
|
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