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Time-varying descriptor systems el #CU3E @

[[ de strasbourg

Time-varying systems

» Dynamics evolve with time

» Dynamics depend on variable physical quantities
(parameters): pressure, temperature, operation point

» Parameters can be either measurable or uncertain

Descriptor systems

> Representation of algebraic constraints and non-causal
phenomena
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Applications JCU3E P
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Analysis using Lyapunov functions iCU3E @

(Daafouz and Bernussou 2001) (Blanchini 1995) (Chesi et al. 2007)
(Bara 2011b) PD
Homogeneous

Affine quadratic Polyhedral polynomial

>
Classic Universal
Quadratic Biquadratic Homogeneous
polynomial
(Oliveira, Bernussou, (Barbosa, Souza, (Chesi et al. 2003)
and Geromel 1999) and Coutinho 2013)
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Open fields

» Research on non-conservative approaches for
admissibility analysis of uncertain TV descriptor
systems

» Absence of literature using Homogeneous Polynomial
LFs on descriptor systems

Our contribution

> A less restrictive approach for the admissibility analysis
of uncertain TV CT descriptor systems

» Extend Homogeneous Polynomial LFs for descriptor
systems
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HPLFs for standard SS el ICUSE @
Standard state-space system

%x(t} = Afw(®)z(t) = (4o + ; wi(t)A;) (1)

" W
Base vectors of homogeneous forms rower transformation of degree g of

in

x}q]:x’f:ﬁf...xn, 1+tia+...+i,=gq

i1, 42,00 >0
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x1 9 1 9:2:B2
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HPLFs for standard SS fee sl ICU3E @

de Strasbourg

HPLFs of order 2¢

i1 12 7
Vag(z § Diri...inT1 Ty - Ty

U150y in

tto+...4+0,=2q, 11,12...,1%, >0

Complete Square Matricial Representation (CSMR)

Vog(x) = w[Q]T(P + Py)zld.

PoeP={P=PT |29 pyld =0V z e R".
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—zld(t)
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There exists a linear mapping between A(w(t)) and

A(w(t))

[a]
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HPLFs for standard SS iCU3E @
”——m__~~s\
Standard system Extended system
%m(t) = A(w(t))x(t) %m[q] (t)=A <\“‘<7L))Mm[q] (t)

| |

[ Analysis by HPLFs ]<§>[ Analysis by QLFs ]
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EX(t) = A(t)X(t)
E, A(t) € ROFm)X(Hne) rank E =n < n + ng

Admissibility of TV descriptor systems

Regularity

det (SE - A(t))) 20 deg (det (B~ A(1))) =
rank(F) holds for all ¢

Stability

Asymptotic convergence of X — 0




Motivation State of the art Mathematical background Our contributions Numerical examples Conclusions

TV descriptor systems el SICUSE @

[[ de strasbourg

SVD normal equivalent form

There exists a transformation

T o ] = [420 Aut] [2(0) o

Regularity and Causality hold for bounded and invertible

4422 (f) (Santos Paulino and Bara 2017)
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Stability of the SVD equivalent form iCU3E @

Rewriting dynamics - equivalent standard form

If Ass(1) is bounded and invertible, we have:

f(t) = —442271</,>A-'_>] (/):L‘(t)
#(t) = (An () — Ana(t) A~ () An (1) ) 2(t)

Stability
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EX(t) = A(w(t)) X (t)

Admissibility of PD descriptor systems

E, A(w(t)) € Rvtne)x(ntng) pank E=n <n+ ng

Regularity

deg (det (SE = A(w(t)))) =
rank(E) holds for all
w(t) eW

Stability

Stable finite modes for every possible trajectory of w(t) € W

det (sE - A(w(t))) Z0
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PD descriptor systems iCU3E @

SVD normal equivalent form

There exists a transformation
SETX(t) = SA(w(t))TX(t)

)
[In ] [ Et} [An(w 1;3 Al (u '(t))] [x(t)] Syl e

Algebraic eq.

Regularity and Causality hold for invertible Agg(u,'(/))
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iCU3E @

Stability of the SVD equivalent form

Rewriting dynamics - equivalent standard form

If Ago(w(t)) is invertible, we have:

f(t) = —44227] (u‘(f))f’lgl <U,‘<f>>$(t)
z(t) = (AH (’w(t)) = Alg(w(t))Agz*l (14'(7‘))4421 <ur(f))>a:(t)

Stability

/~
~+

l’(t) = All (U,'(f)) — Alg (”U)(f))flzf_)il (((‘(f))flgl(ll‘( >)>$(t)

stable for all possible uncertain parameters trajectories
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Open question el ICU3E @

Use-the
Convertall [m(t)] 7 .
the-veetor? /x" £(t) . eqtvarent
7 \‘
Descriptor system
I, 1 ] _ Extended system
One | €] = 2
[A11<,1,,,<,>> Au@,m] [zm} '
Agr(w(t))  Aga(w(t))| |£@)
[ Analysis by HPLFs ] [ Analysis by QLFs ]

18 /26



Motivation State of the art Mathematical background Our contributions Numerical examples Conclusions

Linear mapping el ICU3E @

Remark
There exists a linear mapping between A(w(t)) and
A(w(t))

[q]

Our formulation

There exist suitable matrices M; and NV, such that

dg1
Alw®)g = 3 MiA@w(B)N;
=1
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Admissibility condition el GCU3E @
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An equivalence

The uncertain descriptor system

RN R et

is robustly admissible with a HPLF of degree 2q if the
extended descriptor system

[ s [
Oag_1ng | | "1 (1) ® £(1)

|’ 111 A& ‘ MiAj2(w) ... Mgy
[ Ag1(w)Ny
Aoq (11'1A\",](171

is robustly admissible with a quadratic LF.

g—1412(w)]

Ago(w) z[ql(t)
ola=1 ) @ £(t)
w)

Ao (
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Admissibility condition el GCU3E @

[[ de strasbourg

. Extended descriptor
Descriptor system

a9 system
o {28))] = 4 glal (5)
: ‘ [ﬁwfw @5@))} N
Antet) anied) 28] 19 1)
Ag1 (w(t) Az (w(t)) Afgy(w®) | 1)
@ (t) ® &(t)
[ Analysis by HPLFs ] [ Analysis by QLFs ]
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LMI admissibility conditions

The given PD descriptor system is robustly admissible

based on HPLFs if there exist P = [PH e ] and
Py1 Py

Yij, t=1,...,N, j=1,...,dp, satisfying the following
LMI conditions:

Admissibility condition

P11>0
Ay (WP + PA Gy (w®) +Z%][ ]<o
fori=1,....N

where w(®) are the vertices of YW and matrices Py; are a base
of the linear space P.




Motivation State of the art Mathematical background Our contributions Numerical examples Conclusions

Example 1 e CU3E @

loo 2q-HPLF asymmetric admissibility margins

K§q+ = SUP{’€ : Elv?qﬂl)(t) S B_N—i-})
Bey ={beR™: 0<b;<k, i=1,...,m}

Ky, = 4.6667 k3, = 16.3943
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loo 2¢-HPLF symmetric admissibility margins

0.1 0.2 1

Kag | = sup{s : Iaq, w(t) € By},
Bnl-\ ={be R™: |bj| <k, i=1,...,m}.

2q 2 4 6 8 10 12 14
2572 | 3.451 | 3.650 | 3.715 | 3.817 | 3.820 | 3.866

k%
Rag||

Numerical examples Conclusions

@
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Conclusions el ICU3E @

> A less restrictive approach for the admissibility analysis
of uncertain TV CT descriptor systems
» Homogeneous Polynomial LFs for descriptor systems

» Power transformation wrt. descriptor systems
» Definition of an extended descriptor system

» LMI admissibility conditions
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