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Delay-Dependent Robust Stability and Control of
Uncertain Discrete Singular Systems with State-Delay

Magdi S. Mahmoud” & El-Kébir Boukas™

Abstract: A new delay-dependent criterion is developed for robust stability of linear discrete-time singular
systems with state-delay and parametric uncertainties. The time-delay is varying between known bounds and the
uncertainties are assumed to be time-invariant and norm-bounded appearing in the state and delay matrices. The
new criterion is achieved by an expanded state-space system representation. A solution to delay-dependent
stabilization is attained based on guaranteed cost and H_ control approaches. All the developed results are
conveniently cast in the format of linear matrix inequalities (LMIs) and numerical examples are presented.
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1. INTRODUCTION

For more than two decades, there has been numerous research studies related to singular systems or alternative
designations such as descriptor systems, implicit systems [1], generalized state-space systems [6], differential-
algebraic systems [4] or semistate systems. There are several applications of singular systems including large-
scale systems, power systems, economic systems, to name a few [10, 11]. Recently, robust stability and robust
stabilization problems of singular systems have been under investigation [5, 16, 17, 18]. From these results, it
becomes clear that the robust stability problem for singular systems is more involved than the counterpart in
state-space systems. Unlike ordinary state-space systems, singular systems require, in addition stability robustness,
consideration of regularity and absence of impulses (case of continuous systems) or causality (case of discrete
systems) simultaneously [5,7].

On another research front, it becomes quite evident that delays occur in physical and man-made systems
due to various reasons including finite capabilities of information processing among different parts of the system,
inherent phenomena like mass transport flow and recycling and/or by product of computational delays [2, 13].
Considerable discussions on delays and their stabilization/destabilization effects in control systems have attracted
the interests of numerous investigators in recent years, see [13] and their references. Recent related results on
discrete delay systems are presented in [3, 12, 14].

The class of discrete-time singular has been examined for robust stabilization in [17,18]. From the literature,
it appears that the stabilization problem for discrete-time singular and state-delay and bounded-but-unknown
parametric uncertainties is not fully investigated and most of the existing results are established under special
conditions. In this paper, we examine the stabilization problem using guaranteed cost and H  control approaches.
In this paper, a new expanded state-space representation is developed which converts the singular time-delay
system into an equivalent singular system in which all the original system matrices are grouped into the new
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system matrix. The benefit gained is that we do not require overbounding of the quantities involved. These
advantages simplify the derivation of new delay-dependent stability and state-feedback stabilization results. All
the results are formulated as linear matrix inequalities. A numerical example is worked out toillustrate the
theoretical developments.

Notations: In the sequel, the Euclidean norm is used for vectors. We use W', W, A(W) and ||[W || to

denote, respectively, the transpose, the inverse, the eigenvalues and the induced norm of any square matrix W
and W >0 (W < 0) stands for a symmetrical and positive- (negative-) definite matrix W. The n-dimensional

Euclidean space and the space of bounded sequences are denoted by | R™" and ¢, respectively. The symbol

2°

* will be used in some matrix expressions to induce a symmetric structure, that is if given matrices L = L' and R

N )

Sometimes, the arguments of a function will be omitted when no confusion can arise.

= R' of appropriate dimensions, then

Fact 1: Given a scalar & > 0 and matrices 2,2, and @ such that ' d < ,then
=)
2,02, + th(DtZtl <¢ 2121 +¢ Z;ZZ.

2. PROBLEM STATEMENT AND DEFINITIONS

We consider the following class of discrete-time singular systems with state-delay and parametric uncertainties:

E X1 = AoX + AuX g T BUHTW, X =y,
z, =C,x +D,u, (2.1
where x, € IR" is the state, u, € IR’ is the control input, w, € IR" is the external disturbance, z, € IR is the

observed outputand d < d < d is an unknown integer representing the delay and d, d are known bounds. The
matrix E' € IR™" may be singular; we assume that rank E =r <n. The matrices A e |R™", A, € IR™" and

B,, € IR™" are represented by

[AAO AAd]:[A) Ah]+MAk[Na Nd] (2.2)

where A €IR™. B, eIR™, A €IR™, Me|R™T'eR™, N,eIR", N;e|R™ and
N, € IR™P, are real and known constant matrices with A, is a bounded matrix of uncertainties satisfying

ALAK < | . The uncertainties that satisfy (2.2) are referred to as admissible uncertainties.

For the time being we set A, =0, U, =0, A, =0, X_, =0 to yield the free nominal singular system
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E X1 = AX (2.3)
For system (2.3), we recall the following definitions and results:

Definition 1. [10,16,18]:

1. System (2.3) is said to be regular if det(zE— A)) is not identically zero.
2. System (2.3) is said to be causal if it is regular and deg(det(zE - A,)) =rank(E).

3. System (2.3) is said to be stable if all the roots of det(zE — A)) lies inside the unit disk with center at
the origin.
4. System (2.3) is said to be admissible if it is regular, causal and stable.

Next we consider the free nominal singular delay system

E X = A%+ AX o 2.4)

Extending on Definition (1), we provide the following

Definition 2. System (2.4) is said to be regular and causal if the pair (E, A)) is regular and causal. System

(2.4) is said to be admissible if it is regular, causal and asymptotically stable.

The objective of this paper is to develop delay-dependent methodologies for robust stability and stabilization
for the class of uncertain, discrete-time singular delay systems of the type (2.1). This will be accomplished in
Section 3 (delay-dependent stability) and Sections 4 (delay-dependent Control) based on guaranteed cost control
and H  control. This is made possible through the establishment of a new expanded state-space representation
in which converts the singular time-delay system into an equivalent singular system in which the system matrix
contains all the matrices of the original and the delay state has simple, certain and fixed matrix even if the
original delay matrix is uncertain.

3. DELAY-DEPENDENT STABILITY

A
In the sequel, we employ the difference operator D, — x, ., — X, to rewrite system (2.1):

E Xeq = Aonk + AAd X gt Bouk

k-1
:(AAo"'AAd)Xk_AAd Dj+Bouk'
j=k—d
Together with the definition of D,, we get
k-1
0=(A,+As—BE)%—ED -A, Dj+Bouk' 3.1)
j=k—d
k-1
Define oy = ijkf 4 Dj» thenit follows that
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Oy = 0y + D =Dy
Introducing

é:k:[xli Dli O'|t<]ta A = Ao + Ay

we readily obtain the new expanded state-space system

| 0 O I | 0 O 0 O 0
(£,):]0 0 0|5=|Aw—E -E -Ag|&+|0 0 0| ¢+| B, |u
0 0 | 0 I | O -1 O 0
U&= An S + Aca kg + Bk (3.2)

where the initial conditions are characterized by

%o o
So=Dy|= (A) - E)% - Ahwfdo

Oy z ij

j=—d |

(3.3)

Remark 1. In short, if x, is a solution of uncertain delay system (2.1) with A, =0 and U, =0, then &_is

a solution of the new expanded state-space system (3.10) subject to (3.15) and the reverse is true. This is the
essence of descriptor transformation [8,9]. It is significant to observe that in system (3.10) the delay matrix has

a simple, certain and fixed matrix even though the original delaymatrix A, is uncertain. In addition, all the

matrices of the original singular system are grouped into the new system matrices and henceforth we call it the
“Compact Form (CF)”.

We rewrite the CF matrix

Ay = A +M s N (3.4)
with
I I 0 0
Ay,=|A—E -E -A/|, M=|M|,
0 | | 0
N:[Nad 0 _Nd]a Ny =N, + Ny, Ay=A+A.

To derive tractable conditions for stability, we introduce the following Lyapunov functional
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V(ék) :Va(fk) +Vb(§k) +Vc(§k) +Vd (fk)

with
Va(§k) :é:;UtPUg“k, O<P' =PecIR™"
k7 o u—
Vo(E)= D ETWIE, 0<W' =WelR™, T =[1 00
j=k—d
—d+1 k-1 B _
V(&)= D D &ialg, 0<Q'=QelR™, =[01 0]
p=—d+2 j=k+p-1
—d k-1 ) e
Vo&)= D D [i-p-k+Dgialg]
p=—-d+1 j=k+p
where

A 73)( Pf O A XX Xf 0
P—| o ’Pd 0le |R3nx3n’ X—= 'P*l =| o Xd 0 le |R3nx3n,
* ° 733 ° ° Xs

0<7)X:7DXtE|Rn><n’O<7Dd =7Dth|Rn><n’0<7)S=7DStEIRn><n’7Df EIRnxn’

0<X =X elR™0< X, =&, eIR"™,0< X, =X e IR™ X, eIR™.

Based on (3.23), we define

A M, M, 0
XTWMX= M= ¢« M, 0],
° ° 0

O<M;:MXEIRnxn,Mf Eanxn,0<M:i:./\/ldE|Rnxn

. N, N, O
d" X[l X=d" N =d"| ¢« N, 0|,
° ° 0

O<N!=N_eIR™ N, elR™ 0< N} =N, eIR™,
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[z 0z o
Z=A'PUX—|e 2, 0]
° ° ZS

0<Z =2 €lR™ Z elR™,0< Z; =2, IR™,0< Z! = Z_e IR™,
+ S I
d =d+2(d-d)(d+d-D). 3.8)

The following theorem establishes LMI-based sufficient conditions for dealy-dependent robust stability of

system (X,).

Theorem 1 . System (X,) with U, =0 is delay-dependent robustly stable if there exist matrices
0<X, =X'eIR™, 0<X,=X.cIR"",0<X,=X'eIR™, X, e€IR",0<Z =Z€elR™, 0<Z,=2Z,ecIR™",
ZfEIR”X”,O<ZS :Z:el nxn, O<MX :M; EM; EI nxn’ O<Md :M‘tl EI n><n, O<NX :N; eIRan’

0<N, =N} eIR™™, M, eIR" N, eIR™ and a scalar & > 0 such that the following inequality holds for all
admissible uncertainties.

-Z+ M+d'N 0 I, I,
o T Re 0 g
. . -X+oMM' O (3.9)
. ° ° =5l
where
X, +X, XA -X-X X XXN;d
IT, = X} +X, XA-X-X Xy, II, = X} N;d . (3.10)
0 —XSAt, X, —XSN;

Proof: We consider V|, and evaluate the first difference of the functionals V,,V,,V, and V,.For V,, we

have

Va(ed) —Va() = &UPUG, -GUPUG
[Z\A;@Zk + z\gdé:k—d ]t 7)[ E\Aﬁ‘é:k + z\gdék—d] - §|:U tPU §|§

ELALP Aa: U " PULE + &g AraP AcoCia + 28 AaP Al (3.11)

For V,, we have
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K _ k-1
Vb(ékﬂ) _Vb(é:k) = z (’g}l_tWI (:J' Z §t tWI
j=k+1-d j=k-d
= ETWIE - & TWIE . (3.12)
For V,, we have
—d+1 Kk ¢ —d+1 k-1 . R
V(ED-VoE) = 2 2 aiQig - > 3 £ddQy
p=—d+2 j=k+p p=—d+2 j=k+p-1
—d+1 » k-1 - -
= D, &g+ >, &g ~ & pal' A
p=—d+2 j=k+p
k-1 e
- D &g
j=k+p-1
—d+1 - —-d+1 »
= Z ":&; INth é:k - z é:IiJr p-1 INtQI §k+ p-1
p=—d+2 p=—d+2
_ - k-d
=(d-d)&iQi&+ > &iQlg (3.13)
j=k-d+1

For V,, we have

—-d K

V, (&) -Va(&) = 2 2 Wi—p-K&iQlg]

p=—d+1 j=k+p+1

Z 3 (- p-k+DE Qe ]

—d+1 j=k+p
—d - —d N
== Z p ":&; rtQI é:k - Z é:Iier INth ‘/;:k+p
p=—d+1 p=—d+1

k-d

al t ~t~\I~ 1 -+ ry t ~t NI
> &rQig, +od+d)(d-d+D &AL (3.14)

j=k-d+1

It follows from (3.17) and (3.40)-(3.43) that
Via = Ve = GIALP AL —UPULE + &g AraP Acebics + 26k AP Acebic-s

+ éli |_IWI_§k - flzfd rtWI_éZkfd

L @d-dgrarg + Y &are,
i d
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d L 1 — _ L

- > gilalg +§(d +d) (d—-d +1) &'Ql &

= E[AVP AL —U'PULE + & 4 AuP Acaic-a + 25 AncP Asebi
+ & |_IWI_§k — & rtWI_éZkfd

. [6+§(6—g) @+d-1]&are,

¢| AaP A —U'PU +

J ﬁ M +d* ['of AaP Aso [éw
k

B . T+ ALP Acq S
& } . Vk }

_ = Y(d*) % . _
{ékd ‘/;:k—d (3 15)

By Laypunov theory, asymptotic stability (V,,, =V, <0,V¢&, # 0)implies that Y(d*) < 0 which by Schur

complement is equivalent to

“U'PU +TWI +d* ['Ql 0 A4:P

Al it
J WM AP | <0. (3.16)
) ° -P
In terms of (3.7) we use the congruence transformation diag[ X | X] and invoking the linearizations
(3.8) then inequality (3.16) becomes
—Z+M+d'N 0 X Ay
AT —t
. | W As <0 (3.17)
° ° -X

Further simple Schur complements with arrangements bring inequality (3.17) to (3.9) and the proof is
completed.

Remark 3.2. In contrast with the works in [8,9], it significant to observe that the use the developed CF
representation has overcome the use of overbounding inequalitites to remove cross terms thereby leading to
less conservative delay-dependent stability results.

In the absence of uncertainties we get the following corollary
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Corollary 3.1. System (X,) withu, =0, M =0, N, =0 and N, =0 is delay-dependent quadratically
stable if there exist matrices 0<X, = X! e IR™, 0<X, = &} e IR™, 0<X, =X, € IR™™, X, € IR™,
0<Z, =Z,elR™,0<Z, =2, eIR™, Z, e IR™,0<Z,= Z!eIR™,0<M, =M elR™,0<M, =M eIR™,
0<N, =N} e IR™,0< N, =N} € IR"™ M, e IR™, N, €IR™ satisfying the following inequality

—Z+ M+d'N 0 I,

. -TW Al |<O.
° ° -X

(3.18)

4. DELAY-DEPENDENT CONTROL

Next, will derive expressions for gain matrix K using guaranteed cost and H_ control approaches. Let the

state-feedback control be

u=K,x =K, 1 ¢&. (4.1)

1. Guaranteed Cost Control Synthesis

The cost function associated with system (X,) is:
J =D &T'SI & +UuRy, (4.2)
k=0
where 0< S=S8"' e IR™,0< R=R' € IR™" are weighting matrices and | =[I 0 Qe |R™3". To proceed

further, we start by the following definition [12]:

Definition 4.1. Consider system (X,) with cost function (4.2) and W, = 0. The state-feedback control law

(4.1) is said to be a guaranteed cost control (GCC) with quadratic cost matrix P > 0 if given matrices

0<S=S8"elR™ and 0< R=R' € IR™™", the following LMI

U'PU+D 0 A, 0P TKR

. T AP 0 -0
° ° P 0 4.3)
° et o -R

has a feasible solution with respect to P for all admissible uncertainties AR satisfying (2.2).

In the sequel we take
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D=TW +d* ['Ql +7'SI.

Remark 4.1. I is readily seen that inequality (4.6) with K, =0, S=0 reduces to the results attained in
[15] ensuring the delay-dependent asymptotic stability of the uncontrolled system (3.2).

Introducing
) V. V. O
ATSIX=V=|e ), 0/0<V =Y eclR™V elR™ 0<V =M, elIR™.
° e O

The following theorem provides a necessary and sufficient condition for GCC.

Theorem 1. Consider system (X,) with cost function (4.2). There exists a GCC law (4.1) if and only if there
exist matrices 0<X, =X, eIR™, 0<X,=X,;elR™,0<X =X, IR, X, € IR™, 0<Z =
Z e IR™, 0<Z,=Z, elIR™, Z, Eanxn,0<ZS=Z;e|Rnxn, 0<M =M, e IR™",
O<M, =M, e IR™, 0<N, =N} eIR™, 0<N, =N} elR™, M, e IR™ N, e IR™,

Y, eIR™, ), eIR™, 0<W=W'eIR™,0<V =V elR™, 0<V, =V €IR™, V, €lR™ and a
X X d d

scalar g > Q such that the following LMI holds for all admissible uncertainties

[—Z4V+M+d'N 0 IT, I1, ]
. ' A, 0 0
° L4 _X‘i‘ 8M Mt O O < O
[ ] [ ] [ ] O O (4.4)
L . . . . —gl i
where
Xx + Xf XxAt)d _Xx_Xf Xf XXN;d :yxtR
IT, = X}+Xd XA X=X, Xy, T, = X}N;d , I, = yftR . 4.5)
0 —XSAS X, —./\T'SN:i 0

The feedback gain is given by K =) X o

Proof: By Definition 4.1 and [14], it follows that inequality (4.3) holds if and only if the LMI
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—U'PU +T'ST +TW +d* ['QI 0 AP TKR

. -TW AP O
. . P 0
° ° ° -R
ol o7 NCTTNET
01| o ol o
+ & — | +e&
PM || PM 0
01| o oll o
[ UYPU +TST + |
TWH+d Qi+ 0 AL P T'K{R
IN'N
- ’ AT Tt <0
. —TWI A@?i 0 @.6)
. . —P+ePMMP 0
L . . . -R |

holds for a scalar & >0. Applying the congruence transformation [X X | |], X = Pt and recalling

Z, M, Nand V, we get

e K;N@Nj N XA, ATKR
&
AT Tt
* I A@_ . 0 <0.
o . -X+eMM 0 “.7)
(4.43)
i . . . R |

Using (3.4) and (3.8) into (4.7) with Schur complement we obtain LMI (4.4).
In the case of nominal system, Theorem 4.1 reduces to:

Corollary 4.1. Consider system (X,) with M =0, N, =0, Ny =0 and cost function (4.2). There exists a

state feedback gain K such that the control law (4.1) is a GCC with a quadratic cost matrix P > 0 given
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matrices 0 <S = S"and 0 < R = R' if and only if there exist matrices there exist matrices 0< X, = X, € IR™,
0<X, =X, e IR™, O<X, =Xl eIR™, X, € IR™, 0<Z =Z.elR™, 0<Z,=2Z,elR™,
Z. elR™, 0<Z =Z!elR™, 0<M, = M e IR™, O<M, = M, eM; e IR™,
O<N =N, elR™, O<N, =N, elIR™, M, e IR™, N, e IR™, ), e IR™",

YV e IR™, 0<W=W'eIR™, 0<V, =V elR™, 0<), =V elR™V, €IR™™ sartisfying the
following LMI for all admissible gain perturbations

—Z4+V+M+d'N 0 nm. 1

. -TW Ay 0 -0
. . X 0 ' (4.8)
° ° e R

The GCC feedback gain is K =) X, '

4.2 Example 1

Consider the discrete-time system with data as follows:

A)_‘l 06] , _[05 -02) . foi02]
|04 05 " |06 04 =0 o1 M~
[0 0.1 _

N = Os},Néz{o},g:Z,d:SC =[2 1, D,=[1 1]

5 0 10 0 10
R= , S= E= .
05 0 10 00

Observe that the system is open-loop unstable. Solving LMI (4.10) we obtain a feasible solution yielding the
control law

[ 46249 -0.2935
" 1-6.1869 0.3778

as the desired GCC controller with Jg =4.1568 .
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5.H_CONTROL SYNTHESIS
In the sequel, we extend the results attained in the forgoing section to the case of H_ control. Application of

(4.1) to system (X,) yields the closed-loop system

U&i=AuvdctAadiat I:Wk

= [IE\A§O+ MAN] St Aca Sa T 1:Wk

| | 0(5.2)
/K\gko = Abd + BoKo -BE -E _Ah (52)
0 | I
z =[C,+ DK 1% =C, T & (5.3)

Let{Z},{w} be the sequences of the observed output and external disturbances with respective norms

| Z ||, || W, ||. Then it is required for a given y > 0O to have

3=l Z |F =7* [l [F <O ¥ 0={w} € £, =0, ~h <k<0
This means that given a prespecified disturbance attenuation level v, it is required to develop conditions for
the state-feedback controller (4.1) that render the closed-looped system (5.1) quadratically stable for all admissible
uncertainties ALAK <1 . Following [3], we have the following definition:
Definition 5.1. Consider system (X.,). The state-feedback control law (4.1) is said to be a H  with disturbance

attenuationy > 0 if there exists matrices ) < P' = P e |R™" and Q < W' = W e IR™" such that the following
LMI

[UPUTWT+d" QT 0 ALP T AL P

. -TW AP 0 0

o . -P 0 0 <0

. . . | 0 (5.2)
I . . . o —FA+TIPIT]

has a feasible solution with respect to P for all admissible uncertainties AP, satisfying (2.2)
The following theorem summarizes the corresponding result.
Theorem 5.1. Consider system (Z,). There exist state feedback gain K, such that the control law (4.1) is a

H_ control with disturbance attention y > 0 if and only if there exist matrices 0<X, =X, e IR™",
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0<X, =X eIR™ 0<X, = X' € IR™, X, e IR™,

0<Z =Z eIR™,

Z, eIR™ 0<Z, =2 e IR™, 0<M, =M e IR™,

0<Z,=Z' e IR™,

0<M, = M eIR™,

O<N, =N elR™, 0< N, =N, elIR™, N;elIR™ ) cIR™, ) eIR™, 0<W' =WelR™

and scalars & >0, &, > 0 satisfying the following LMI for all admissible uncertainties

[ Z e M+d'N
[ ]
[ ]

0
-

I,
Ass
~X+eMM"

The feedback gain is K =) X ! where

Proof: A simple Schur complement converts (5.2) into

et

0

[UYPU+TW +d 'Ol 0
Tl

X +X, XA AVB-XE-X E
I, =X + &, XA +VB-XIE-X,Et

I, I,
0 0
0 0
~ 0
o lreMM!
[} [ ]
[} [ ]
[} [ ]
X
Xd
~X Al X,
AuP TC ALP
AP 0 0
P 0 0
° —I 0
° ° —yzl

0 II,
0O O
0O O
0 O
' o
-X 0
e 4l
[ J [ ]
0
0
0
0
r'p
_'P |

HI’]
0
0
0 <0
0
0 (5.3)
0
—& |
(5.4)
<0
(5.5)

By Definition 4.1 and Theorem 4.1 with simple Schur operations, it follows that inequality (5.5) holds if

and only if the LMI
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~U'PU + - _ |
_ - 0 WP 1C AP 0
T +d* [0l o | Agor
. -TW AP O 0 0
) ° P 0 0 0
° ° ° —| 0 0
. . . e i TP
L ° ° ° ° ° -P |
B O T B 0 Tt _Nt_ _Nt_t
0 0 0 0
PM | | PM L, |0 0
+& +&
0 0 0 0
0 0 0 0
| O | O 10] [ 0]
r O T B 0 Tt _Nt_ Nt_t
0 0 0 0
0 0
+ &, + &t 0 0 <0
PM PM 0 0
| 0 || O | 10 | 0]

holds for some parameters g >0, &, > 0. Grouping like terms and by the congruence transformation

diag[X | X1 X X] with X =P*,)) = K X, and using Schur complement operations we obtain the LMI
(5.16).

For the nominal case, the following results holds

Corollary 1. Consider system (Xo0). There exist state feedback gain K such that the control law (4.1) is a
7Z, control with disturbance attenuation y > 0 if and only if there exist matrices if and only if there exist

0<X, =X'elR™, 0<X, = X! e IR™,

matrices

0<X, =X, eIR™ X, e IR™,
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0<Z =2 eZ eIR™, 0<Z, =2 =Z eIR™, Z, eIR™,0<Z,=Z e IR™,

0<M, = M eIR™, 0<M, =M e IR™,0<N, =N elR™, 0<N, =N} e IR™,

M, eIR™ N, e IR™, Y eIR™,), e IR™, 0<W' =WelR™ satisfying the following LMI for all

admissible uncertainties

[—Z+M+d'N 0 I, I, I, O
. ™™ A, 0 0 0
. o -X 0 0 0 <0,
. c e 0 0 (5.7)
° ° ° ° —}/ZI I
L ° ° ° ° ° —X_
The feedback gain is given by K =) X o
5.1 Example 2
Consider the discrete-time system with data as follows:
(01 O 0 1 06 O 1 O 0.2
A =|02 05 -01|, A =|0 05 06/[,B,=| 0 05|, M=|01
10 1 09 0O O 03 01 01 0
[0.05 0.02
Ni=| 0 [,Ni=|04|,d=2d=6
|03 0
1 01
C,=[02 01 0], D,=[0.3 0., E=[0 0 O].
010

Observe that the system is open-loop unstable. A feasible solution of the LMI (5.16) yields the H_  control

law

[ 003 -0.0914 1.12207
“10.0145 -1.1879 3.3118

} X, y=22157.
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6. CONCLUSIONS

For linear discrete-time singular systems with state-delay and parametric uncertainties, this paper has established

(1) Anexpanded state-space representation to exhibit the delay-dependent dynamics while preserving the
equivalence with the original system

(2) A new delay-dependent stability criteria in a systematic way and without relying on overbounding by
using an appropriate Lyapunov-Krasovskii functional, and

(3) A new delay-dependent stabilization based on guaranteed cost and H _ control approaches.

All the developed results have been conveniently cast in the format of linear matrix inequalities (LMIs) and

numerical examples are presented. Superiority over existing techniques have been illuminated. Numerical

examples have been presented to illustratethe theoretical developments.
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