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This description is for MIMO LTI systems, LPV is a direct consequence of it.

1 Preliminary results from the literature

T . T = f(m) + g(:L‘)u state transformation zZ= Q(Z7 y) (1)
y = h(z) = a(z,y) +b(z,y)u
Theorem 1. Both relative degree and zero dynamics are invariant under feedback v = a(z) + 8(z)v. q

Theorem 2. Suppose z = 0 is a regular point for 3.

) is locally feedback eq. to a passive system ¥ has relative degree {1,..,1} at © =0

& 2
with C? positive def. storage function V' and is weekly minimum phase @)
3 is globally feedback eq. to a strictly passive system ¥ has relative degree {1,..,1} at x =0 3)
<
with C? positive def. storage function V' and is globally minimum phase

N
Definition 1. Suppose Lyh(0) is nonsingular. Than X is said to be minimum phase if z = 0 is an asymp-
totically stable equilibrium point of 2 = q(z,0). <
2 Dissipativity according to some supply function
2.1 Passivity of a semi-proper system

V() = Pr o V{a) = (T o) (ATP + PA PB) (x)

T = Az + Bu BTp 0 u
=Cz+Du ’ 0 cT T
Y s(uy) =u'y+yTul= (27 u7) (C D—|—DT> (u)

Dissipativity inequality:

. ATP4+PA PB-CT
— n+m
V) - stun) <0 ¥ R o (G TR PR L) <0

Dissipativity inequality if D =0 (i.e. r # {0,..,0}):

(ATP +PA PB-CT

BTP_C 0 > =0, but £0 (it could be only negative semi-definite) (6)

Problémat jelent ez?

2.2 Strict output passivity of a semi-proper system

ATP+ PA PB)\ [z
T = Ax + Bu BTp 0 U

=C Du ’ _T T AT

V(z)=a2"Pr=V(z) = (T uh) (

C-D'wWC D+DT-DTWD) \u




Dissipativity inequality:

: ATpP+PA+CTWC PB-CT+CT™WD
_ n+m
Viw) = s(u,y) < 0V(z,u) €R™ & < BTP-C+D'™WC -D-D"+DTwp) =Y
Applying Schur’s complement lemma:
ATP+ PA pB-cT+c™wpDp CT 0
BTP—-C+ DTwWC -D - DT 0 DT <0 P>~0
C 0 w1 0 - Ws=0
0 D 0 U
Dissipativity inequality if D =0 (i.e. r» # {0,..,0}):
ATp+pPA PB-CT (CT
BTpP-C 0 0 <0, but £0 (it could be only negative semi-definite)

C 0 w1

Problémat jelent ez?

3 Facts from matrix algebra

1. Schur’s complement lemma:

X:(;T g) =0 A=0and C —BTA™'B >0

& Cs=0and A— BC'BT -0

(10)

(11)

If C = 0, than X cannot be positive definite, since —BT A~'B will be for sure negative definite for all

A= 0.

4 Operatortartomanybeli analizis
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Szerintem ez MIMO esetben is j6 (a(s) és ao(s) skaldr, minden egyéb matrix):

pp— L s)u L S L S u
o= Diy 3= D+ ) 520+ B)

Ge(s) = Lle(s) + ! bo(s) (1Lb(s) + B)

a(s) ao(8) a(s)
1 1
Ge(s) = 2Pl )le(s)ao(s) + mbo(s)(Lb(s) + Ba(s))
1
Gels) = o) (le(s)ao(s) + bo(s)Lb(s) + bo(s)Ba(s))

Tehat az 1j szamlélo:
be(s) = D1b(s)ao(s) + bo(s)Lb(s) + bo(s)Ba(s)
A piros tagok lehetnek instabilak. Kék: szabad constans. Mivel a,(s) skalar:

be(s) = (ao(s)Dl + bO(S)L) b(s) + bo(s)Ba(s) < legyen stabil

(12)

(13)



Numerikus példaval illusztralom, hogy ez valéban lehetséges:

Gls) = 2&‘3 =5 i;85+2, A= (i _02) , B= (g) ,C=(05 —25)

observer: L Fr=° (__153> , Cri= (1 —1) = Go(s) = EZEZ; =2 +;)s s (s+9 —s—25)
be(s) = (D1 +2)s® + (4 — 2Dy)s + (—13D; — 2)s — (10D; + 4)’[) B (16)
=5 +652+11s+6=(s+3)(s+2)(s+1)
eredé atviteli fiiggvény: G.(s) = %
Misik példa (ami a relativ degreet is megjavitja):
G(s) = Gl , LTPET (<193 212 —52), Gy = (1 1 1), Dy:=0.1
(s —3)(s2—3s+2) (17)

Go(s) = 52 +4.1s+ 3.5

3 —6s2+11s—6



